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THESIS ABSTRACT  

Background and aims: The prevalence of chronic hypertension (CH) and chronic 

kidney disease (CKD) have increased among pregnant women in recent decades. Given 

the improvement in antenatal care over the last few decades, it is still unclear whether 

the risk of adverse pregnancy outcomes (APOs) among women with CH and/or CKD 

has decreased. There is limited evidence on the association between antihypertensive 

treatment and APOs in women with CH. Although there is evidence that women with 

a history of APOs have an increased risk of cardiovascular disease (CVD), it remains 

unclear whether pre-pregnancy hypertension and the occurrence of APOs would 

influence this association. The aim of this PhD project was to investigate the impact of 

maternal CH and/or CKD and antihypertensive treatment on the risk of APOs and long-

term CVD. 

Structure and methods: This thesis includes eight chapters: Introduction, Methods, 

two systematic review articles on the impact of CH and CKD on APOs, three original 

research articles, and Discussion. Data from the Swedish National Registers were 

analysed to examine the associations between CH/CKD and the risk of APOs over the 

last three decades. Data from the UK CALIBER platform were used to investigate:       

i) the association between CH and APOs, with a focus on the role of antihypertensive 

treatment and control of hypertension, and ii) the associations between pre-pregnancy 

hypertension and subsequent diagnosis of 12 different CVDs, considering the role of 

APOs on these associations. Adverse pregnancy outcomes were pre-eclampsia, preterm 

birth, stillbirth, Caesarean section and small for gestational age (SGA). The statistical 

methods were done using logistic regression models for the Swedish data, logistic 

regression models with propensity score matching for the antihypertensive treatment 

analyses, while the associations between pre-pregnancy hypertension and CVD were 

analysed using stratified Cox models. All statistical models were adjusted for several 

potential confounders. 

Results: Systematic reviews and meta-analyses: CH was associated with 5-fold 

increased odds of pre-eclampsia and approximately 2-fold increased odds of stillbirth, 

preterm birth, and SGA, compared to women without CH. Women with treated CH 

(compared to untreated normotensive women) had higher odds of APOs. However, the 
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results were inconsistent when outcomes were compared between treated and untreated 

women with CH; no increased odds of superimposed pre-eclampsia or other APOs 

were observed, except for 86% increased odds of SGA.  

Findings from the meta-analysis suggested that women with CKD had higher odds of 

pre-eclampsia, Caesarean section, preterm birth, very preterm birth, and SGA. All 

causes of CKD were associated with increased odds of pre-eclampsia, preterm birth, 

and SGA, with stronger associations in women with diabetic CKD, particularly for 

preterm birth [adjusted odds ratio (aOR): 4.76, (95% confidence interval (CI), 3.65–

6.21)] and SGA [aOR: 4.50, (95% CI, 2.92–6.94)]. The findings according to the 

severity of kidney disease showed that later stages of CKD were associated with a 

greater odds of APOs than earlier stages. 

Swedish National Registers: The overall findings from this study suggested that the 

odds of APOs remain high in women with CH and/or CKD, and the odds persisted 

independent of parity, maternal age, and body mass index, among other potential 

confounders. No association was found between CKD and stillbirth. All causes of CKD 

were associated with higher odds of pre-eclampsia, emergency Caesarean section, and 

medically indicated preterm birth, and the ORs were higher in women with diabetic 

CKD, renovascular disease, and congenital kidney disease than other CKD subtypes. 

CALIBER studies: The results suggested a higher odds of APOs in women with CH 

(treated and untreated) compared to untreated normotensive women. In women with 

CH, those requiring treatment (versus untreated) had 17%, 25%, and 80% increased 

odds of superimposed pre-eclampsia, preterm birth, and fetal growth restriction (FGR), 

respectively. However, these results were mainly attributable to the level of blood 

pressure (BP) control among the treated group; as similar results were found between 

the untreated and treated women with CH who achieved tight control (BP<135/85 

mmHg) for all assessed outcomes except for a 59% decreased odds of superimposed 

pre-eclampsia and a 55% increased odds of FGR. Pregnant women with CH who were 

prescribed methyldopa (versus β-blockers) had 43%, 59%, and 44% increased odds of 

superimposed pre-eclampsia, preterm birth, and very preterm birth, but 66% lower odds 

of FGR. No differences in outcomes were found in women who were prescribed 

calcium-channel-blockers (versus β-blockers) except for 94% increased odds of 

preterm birth. The magnitude of the associations increased with increasing BP, and the 
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strongest associations were observed in women with severe hypertension (BP≥ 160/90 

mmHg). In treated women with CH, less-tight (BP≥135/85 mmHg) versus tight 

(BP<135/85 mmHg) control was associated with almost 2-fold higher odds of 

superimposed pre-eclampsia, very preterm birth, and a 3-fold higher odds of severe 

hypertension. 

During the 20-year study period, 16,499 CVD incident were observed, of which two-

thirds (66%) had occurred in young women (under 40 years). Pre-pregnancy 

hypertension (versus no pre-pregnancy hypertension) was associated with a 2-fold 

higher risk of any subsequent CVD. When the results were subclassified according to 

the presence of APOs, the strongest associations were found in women with pre-

pregnancy hypertension and APOs across the 12 CVD; with almost a 3-fold increased 

risk to develop any subsequent CVD, an 8-fold increased risk of coronary heart disease, 

and a 10-fold increased risk of heart failure, compared to those who remained 

normotensive without APOs. 

Conclusions: This thesis indicated that CKD and CH were associated with a wide 

range of APOs than the general obstetric population. Therefore, multidisciplinary 

prenatal consultation and antenatal management should be provided for these women 

with close monitoring during pregnancy. If antihypertensive treatment is required, 

clinicians might consider tighter control during pregnancy as better outcomes were 

observed in women with tightly controlled hypertension. β-blockers might be superior 

in reducing APOs than methyldopa, with an exception for FGR, which was higher in 

the β-blockers group. Finally, the findings suggested strong associations between pre‐

pregnancy hypertension with subsequent CVD, with a greater risk among women who 

had pre-pregnancy hypertension and APOs. Pre-pregnancy hypertension should be 

managed adequately during pregnancy to reduce the risk of APOs and subsequently 

reduce the risk of CVD, which emphasizes that a history of reproductive risk factors 

(including APOs) should be considered in screening tools for CVD beyond the 

postpartum period to optimize long-term cardiometabolic health in women. 
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1.1 Introduction 

The majority of pregnancies are uncomplicated, resulting in a healthy child, and women 

recover well after delivery. However, women with pre-existing diseases, such as 

chronic hypertension or chronic kidney disease (CKD), are more vulnerable to 

pregnancy complications compared with healthy women. 

In recent decades, care for women in pregnancies has improved, and subsequently, 

maternal health has improved. The mortality ratio has declined substantially (44%) 

from 385 in 1990 to 216 per 100,000 livebirths in 2015 (1). The burden of maternal 

mortality remains considerably high in low-income countries, particularly in sub-

Saharan Africa (1). A 2014 systematic review of 23 studies (including 417 datasets 

from 115 countries) has reported that more than half of maternal mortality worldwide 

was due to indirect causes (27.5%) and the leading direct obstetric cause was 

haemorrhage (27.1%), while the second most common direct cause was hypertensive 

disorders of pregnancy (HDP) (14%) (2). Other causes included sepsis (10.7%), 

abortion (7.9%), embolism (3.2%), and other direct causes of death (9.6%) (2). 

1.1.1 Chronic hypertension in the non-pregnant population 

 Within any population, blood pressure (BP) values occur within a continuum and are 

determined by mechanical, hormonal, and environmental factors. Therefore, any 

definition of hypertension utilises arbitrary threshold values within this continuum (3). 

Chronic hypertension can either be primary (essential), when a specific underlying 

cause of hypertension cannot be found or secondary when hypertension can be 

explained by a consequence of a specific abnormality or medical disorder of the renal, 

endocrine, immune or vascular system (3). Generally, high BP is managed using a 

comprehensive set of non-pharmacological and pharmacological strategies, with an 

emphasis on overall patient health. Non-pharmacological interventions are aimed at 

lifestyle changes, such as restricting salt intake, exercising regularly, and weight 

management. However, patients may require pharmacological intervention to maintain 

their BP within normal ranges (3) (antihypertensive classes are shown in Table 1.1).  

Target BP and treatment regimens in the non-pregnant adult population differ from that 

in the pregnant population. The American College of Cardiology (ACC)/American 

Heart Association (AHA) guidelines (2017) (4) and the European Society of 

Cardiology (ESC)/European Society of Hypertension (ESH) guidelines (2018) (5) are 
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the most recent guidelines regarding prevention, assessment, and approach to treat 

hypertension in adults. While both updated guidelines agree on many points, there are 

also important differences in their recommendations. Overall, both guidelines 

recommend lifestyle changes, including a low-sodium diet, exercise, bodyweight 

reduction, low to moderate alcohol intake, and adequate potassium intake. However, 

the major discordance is with the level of BP defining hypertension, BP targets for 

treatment initiation, and the use of initial combination therapy (6). 

The BP target was lowered in many guidelines following the evidence from the 

SPRINT (Systolic Blood Pressure Intervention Trial) study (2015), where the findings 

suggested that aggressive BP control (systolic blood pressure (sBP) <120 mmHg versus 

a standard goal of <140 mmHg) resulted in a significant reduction in cardiovascular 

mortality (43%) and morbidity (25%) (7). As a result, the AHA/ACC defined 

hypertension as BP ≥130/80 mmHg and set a target of BP ≤130/80 mmHg for all 

patients (4). In contrast, the ESC/ESH define hypertension as BP>140/90 mmHg, and 

recommend reducing BP to <140/90 mmHg, with an exception for those at high 

cardiovascular risk (≥10%) or in younger patients (<65 years) if the antihypertensive 

regime is well tolerated aiming to achieve a BP of 130/80 mmHg or lower (5). 

The ESC/ESH guidelines recommend the use of initial combination therapy in a single-

tablet combining at least two drugs (either angiotensin-converting enzyme inhibitors 

(ACEIs) or an angiotensin receptor blockers (ARBs) with either a thiazide diuretic 

agent or a calcium channel blocker); and to escalate to a triple combination formulation 

as a third step (5). The ACC/AHA Guidelines support a similar approach, which also 

recommends initial combination therapy. Additionally, both guidelines recommended 

a restriction of the use of β-blockers only to patients with comorbidities or other 

indications. It should be noted however, that target BP for initiation treatment and the 

antihypertensive regimen during pregnancy are different, and there are variations 

between national and international guidelines, which are illustrated below in section 

1.2. 
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Table 1.1 Pharmacological classes and sub-classes of antihypertensive drugs 

Pharmacological 

classes (Major classes) 
Sub-classes Molecules 

β-blockers 

Non-vasodilating with 

β1-selectivity 
Acebutolol, atenolol, betaxolol, bisoprolol 

Non-vasodilating 

without β1-selectivity 

Carteolol, esmolol, metoprolol, nadolol, oxprenolol, 

penbutolol, propranolol, timolol 

Vasodilating Celiprolol, carvedilol, labetalol, nebivolol, pindolol 

Diuretics 

Loop diuretics Furosemide, bumetanide, torsemide 

Thiazides diuretics 

Bendroflumethiazide, chlorothiazide, chlortalidone, 

hydrochlorothiazide, indapamide, polythiazide, 

trichlormethiazide 

Potassium sparing 

diuretics 
amiloride, eplerenone, spironolactone, triamterene 

Angiotensin-converting 

enzyme inhibitors 
 

Benazepril, captopril, cilazapril, enalapril, 

fosinopril, imidapril, lisinopril, moexipril, 

perindopril, quinapril, ramipril, trandolapril, 

zofenopril 

Angiotensin II receptor 

blockers 
 Candesartan, eprosartan, irbesartan, losartan, 

olmesartan, telmisartan, valsartan 

Calcium-channel 

blockers 
Non-dihydropyridines Diltiazem, verapamil 

 Dihydropyridines 

Amlodipine, felodipine, isradipine, lacidipine, 

lercanidipine, manidipine, nicardipine, nifedipine, 

nitrendipine 

Other classes 

Renin inhibitors  Aliskiren 

Alpha-adrenergic 

receptor antagonists 
 Doxazosin, prazosin, terazosin 

Centrally acting agents  Clonidine, methyldopa, rilmenidine 

Direct acting 

vasodilators 
 Hydralazine, minoxidine 

Source: Laurent (2017) (8). 
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1.2 Hypertension in pregnancy 

Hypertension is one of the most common medical complications during pregnancy. 

Still, there has been a considerable debate over many aspects of the classification, 

diagnosis, and management of the HDP (9). Hypertension in pregnancy can be defined 

as chronic (predating pregnancy or diagnosed before 20 weeks’ gestation) or de novo 

(new-onset in pregnancy, usually occurring at or after 20 weeks’ gestation) (9). In 

general, hypertension in pregnancy is defined as sBP ≥140 and/or diastolic blood 

pressure (dBP) ≥90 mmHg (9).  

The International Society for the Study of Hypertension in Pregnancy (ISSHP) 

classified HDP into chronic hypertension, white-coat hypertension, masked 

hypertension, gestational hypertension, transient gestational hypertension, pre-

eclampsia, and pre-eclampsia superimposed on chronic hypertension (10). The 

definitions of each type of HDP are shown below in Table 1.2. 

The available guidance suggested that the BP measurements should be repeated to 

confirm true hypertension. In practice, the diagnosis of chronic hypertension is often 

recognised for the first time at the first or early second trimester booking visit (9). 

Additionally, the diagnosis of pre-eclampsia in women with chronic hypertension can 

be difficult because their BP is already elevated, and proteinuria might be present 

before pregnancy (11). Therefore, the ISSHP has indicated that elevations in BP are 

not sufficient to diagnose superimposed pre-eclampsia, as such elevations are difficult 

to distinguish from the usual increase in BP. However, in the absence of pre-existing 

proteinuria, a new-onset of proteinuria in the setting of a rise in BP is sufficient to 

diagnose superimposed pre-eclampsia (9). 
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Table 1.2 Classification of Hypertension in Pregnancy based on ISSHP categories (2021) 

Hypertension identified before pregnancy or before the first 20 weeks’ gestation 

Classification definition 

Chronic hypertension 
Hypertension (sBP ≥140 and/or dBP ≥90 mmHg), predating 

pregnancy or diagnosed before 20 weeks’ gestation 

White-coat hypertension 

Elevated BP (sBP ≥140 and/or dBP ≥90 mmHg) when measured in 

the office or clinic, but normal BP (<135/85 mmHg) measured at 

home or work using ambulatory BP monitoring 

Masked hypertension 

Normal BP (<140/90 mmHg) at a clinic/office visit, but ≥135/85 

mmHg at other times outside the clinic/office (usually diagnosed by 

24-hour ambulatory BP monitoring) 

Hypertension arising de novo of after 2o weeks of pregnancy 

Classification definition 

Gestational 

hypertension 

Elevated BP arising at ≥ 20 weeks' gestation in the absence of 

proteinuria or other findings suggestive of pre-eclampsia  

Transient gestational 

hypertension 

Hypertension arising at ≥20 weeks’ gestation in a clinic but then 

settles with repeated BP readings 

Pre-eclampsia  

De novo 
Pre-eclampsia (de novo) is gestational hypertension accompanied 

by one or more of new-onset conditionsa at ≥ 20 weeks’ gestation 

Superimposed on 

chronic hypertension 

In women with chronic hypertension, development of new 

proteinuria, another maternal organ dysfunction(s), or evidence of 

uteroplacental dysfunctiona 

a These conditions include proteinuria, other maternal end-organ dysfunction, including evidence of maternal acute 

kidney injury, liver dysfunction, neurological complications, pulmonary oedema, hematological complications 

(haemolysis), or uteroplacental dysfunction (such as placental abruption or fetal growth restriction). Source: based on 

Magee et al. (10) 

1.2.1 Increasing prevalence of chronic hypertension in the pregnant 

population 

The prevalence of chronic hypertension in pregnant women has varied in population 

studies from 0.3% to 4% (12-15). A longitudinal US cohort study has reported a 

sustained increase by approximately 80% in the prevalence of chronic hypertension 

from 1995 to 2008, with 1.8% pregnancies complicated by chronic hypertension in 

2007-2008 (13). Another US study has shown that during a 4-decade period (1970–

2010), chronic hypertension in the pregnant population has increased by 6% per year 
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(16). There was a sharp increase in the prevalence with advancing maternal age even 

after adjustments for smoking and obesity (16). Yet this estimated prevalence is 

expected to continue to rise given that hypertension is associated with older age and 

more women are delaying childbearing, which is reflected in a statistical increase in 

the average of American women’s age at first birth from 21.4 years in 1970 (17) to 26.8 

in 2017(18). Similarly, the average age of women in the European Union at first birth 

has gradually increased from 28.8 years in 2013 to 29.3 years in 2018 (19). In addition, 

the proportion of women who had pre-pregnancy obesity [body mass index (BMI) ≥30 

kg/m2] has increased significantly over time, from 8% in 1989 to 16% in 2007, with 

one in every 1000 women giving birth in the United Kingdom being extremely obese 

(BMI ≥ 50 kg/m2) (20, 21). Therefore, advanced maternal age, combined with other 

risk factors including obesity and metabolic syndrome, may contribute to the increased 

prevalence of chronic hypertension during pregnancy (16, 20-22). 

1.2.2 Management of women with chronic hypertension  

1.2.2.1 Pre-pregnancy care 

Prenatal care for women with chronic hypertension should begin before pregnancy to 

provide counselling for these women about the potential risks and to optimize the 

antihypertensive regimens before conception (i.e., antihypertensive agent(s) may need 

to be changed to another class before conception) (11). Evaluation before pregnancy 

for secondary causes of hypertension and target-organ damage is recommended for 

women with chronic hypertension as such evaluation may involve radiation exposure 

or require surgical intervention (11, 23). Also, lifestyle modifications have been 

demonstrated to improve BP control in nonpregnant individuals. For example, sodium 

reduction, weight reduction (23), and Dietary Approaches To Stop Hypertension 

(DASH) diet (24) are recommended for women with chronic hypertension before 

pregnancy (11). 

1.2.2.2 Management during pregnancy 

i. Blood pressure goal in pregnancy 

Overall, there are differences among national and international guidelines related to BP 

targets for hypertensive women during pregnancy (Table 1.3) (25). The ISSHP stated 

that antihypertensive treatment should be used to maintain BP in the range of 110-

140/80-85 mmHg (9). The primary benefit of antihypertensive treatment during 
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pregnancy is the reduction of maternal complications, such as stroke, by minimizing 

the episodes of severe hypertension (26, 27). 

To date, antihypertensive treatment has not been shown to reduce superimposed pre-

eclampsia, fetal growth restriction, or improve neonatal outcomes (26). There is also a 

concern that excessive use of antihypertensive treatment during pregnancy may 

decrease fetoplacental perfusion and increase the risk of fetal growth restriction. For 

instance, an updated meta-analysis (including 34 trials; 2640 women with mild to 

moderate pregnancy hypertension, 2002) suggested an association between the 

treatment-induced mean difference in maternal mean arterial pressure (MAP) and 

lower mean birth weight (28). It was reported that a 10 mmHg fall in MAP was 

associated with a 176g decrease in birthweight, and the authors highlighted a concern 

that normalization of mild to moderate maternal hypertension in pregnancy may have 

an adverse effect on fetal growth (28). 

More recent evidence from CHIPS trial (the international Control of Hypertension In 

Pregnancy Study) evaluated the effect of BP control on pregnancy outcomes between 

“tight” (target dBP 85 mmHg) and “less tight” (target dBP 100 mmHg) control, 

including 987 women (75% with chronic hypertension and 25% with gestational 

hypertension). The authors reported that “less-tight” (versus “tight”) control increased 

the risk of maternal severe hypertension significantly [adjusted odds ratio (aOR): 1.80, 

(95% confidence interval (CI), 1.34–2.38)], but there was no increased risk in serious 

maternal complications [aOR: 1.74, (95% CI, 0.79–3.84)] (29). There were no 

differences between both groups in the risk of pregnancy loss [aOR: 1.14 (95% CI, 

0.53–2.45)], high-level neonatal care [aOR: 1.00 (95% CI, 0.75–1.33)], or fetal growth 

restriction [aOR: 0.78, (95% CI, 0.56–1.08)] (29). Accordingly, four national and 

international practice guidelines (United Kingdom, Canada, Poland, and the ISSHP) 

now endorse “tight” BP control for hypertension in pregnancy (30).  
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Table 1.3 Guidelines for treatment of hypertension during pregnancy 

Variable 
International guidelines National guidelines 

ISSHP, 2018 (9, 10) ESC, 2018 (31) NICE, 2019 (32) ACOG, 2019 (33, 34) SOGC, 2014 (35, 36) 

BP threshold for 

antihypertensive 

therapy 

≥140/90 mmHg in clinic 

or office 

≥135/85 at home 

≥150/95 mmHg, or at >140/90 

mmHg in women with chronic 

hypertension superimposed 

gestational hypertension, subclinical 

organ damage or symptoms 

≥140/90 mmHg 

≥160/110 mmHg, or at 

lower BP in women with 

comorbidities or end-

organ damage 

≥140/90 mmHg 

Medications—first line 

Severe hypertension BP 

(≥160/110 mmHg) 

IV labetalol, oral 

nifedipine, IV 

hydralazine 

IV labetalol, oral nifedipine, oral 

methyldopa 

IV labetalol, oral 

nifedipine, IV 

hydralazine, oral 

labetalol 

IV labetalol, oral 

nifedipine, IV 

hydralazine 

IV labetalol, oral nifedipine, IV 

hydralazine 

Non-severe hypertension 
Labetalol, methyldopa, 

nifedipine, oxprenolol 

Labetalol, methyldopa, calcium 

antagonists 

Labetalol, nifedipine, 

methyldopa 

Labetalol, methyldopa, 

nifedipine 

Labetalol, other beta-blockers 

(acebutolol, metoprolol, 

pindolol, and propranolol), 

methyldopa, nifedipine 

Medications—second line 

 Hydralazine, prazosin - - Hydrochlorothiazide 
Clonidine, hydralazine, thiazide 

diuretics 

Medication to avoid 

during pregnancy 
- ACEIs, ARBs 

ACEIs, ARBs, direct 

renin inhibitors, 

diuretics unless oliguric  

ACEIs, ARBs ACEIs, ARBs, atenolol  

Target BP on antihypertensive therapy 

Severe hypertension - -  140–150/90–100 mmHg < 160/110 mmHg 

Non-severe hypertension 

(or unspecified) 
110–140/80–85 mmHg - ≤135/85 mmHg 

120 to <160/80 to <110 

mmHg 
dBP of 85 mmHg 

ACOG, American College of Obstetricians and Gynecologists; ACEIs, Angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; dBP, diastolic blood pressure; ESC European 

Society of Cardiology, NICE, National Institute for Health and Care Excellence; SOGC, Society of Obstetricians and Gynaecologists of Canada with an update on antihypertensive treatment from 

Hypertension Canada’s 2018 guidelines 
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ii. Antihypertensive therapy 

National and international clinical practice guidelines recommend that severe 

hypertension be treated with antihypertensive agents, but there is disagreement 

regarding BP thresholds for initiating medication (Table 1.3) (30). First-line 

antihypertensive agents are labetalol, methyldopa, and nifedipine (9, 37-39). In 

contrast, some antihypertensive agents are contraindicated during pregnancy, such as 

ACEIs and ARBs, due to potential adverse effects on the fetus (30). Findings from a 

recent meta-analysis (2020) suggested that exposure to ACEIs/ARBs during 

pregnancy is associated with congenital malformations, miscarriage and stillbirth (40). 

More details about the first-line antihypertensive agents, including recommended 

doses and potential side effects for managing chronic hypertension in pregnancy, are 

available in Table 1.4 below. 

 

 

 

Table 1.4 Oral antihypertensive agents for the management of chronic hypertension in pregnancy 

Drug 

Class or 

mechanism 

of action 

Usual range of dose 

(mg/day) 
Side effect 

Labetalol 
Nonselective 

 β-blocker 

300–1200 orally in two to 

three doses 

Possible bronchospasm 

Contraindicated in severe 

asthma, cardiomyopathy 

Methyldopa 
Centrally acting 

alpha-agonist 

750–2250 orally in three 

to four doses 

Transient increase in 

hepatic enzymes, 

depression 

Nifedipine  

PA or MR 

Calcium-channel 

blocker 

20–120 orally in two or 

three divided doses 

Headache, flushing, 

peripheral edema 

Nifedipine  

XL or LA 

Calcium-channel 

blocker 

30–120 orally in one or 

two doses 

Headache, flushing, 

peripheral edema 

Hydralazine 
Peripheral 

vasodilator 

40–300 orally in three or 

four divided doses 
Orthostatic hypotension 

LA, long-acting; MR, modified release; PA, prolonged action; XL, extended-release 

Source: based on Magee et al. (10), and Chahine et al.(41) 
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1.2.3 Chronic hypertension and adverse pregnancy outcomes 

Hypertension in pregnancy has become a public health concern as previous cohort 

studies reported a higher risk of adverse pregnancy outcomes in women with chronic 

hypertension compared to normotensive women. A meta-analysis assessing pregnancy 

complications in women with chronic hypertension reported that chronic hypertension 

was associated with superimposed pre-eclampsia [risk ratio (RR=7.7), Caesarean 

delivery (RR=1.3), preterm delivery (RR=2.7), low birthweight (LBW) (RR=2.7), 

neonatal unit admission (RR=3.2) and perinatal death (RR=4.2) (42). 

However, this meta-analysis did not compare the outcomes in women with chronic 

hypertension to those without chronic hypertension from the same population. Instead, 

the incidences from the US studies for women with chronic hypertension were 

compared with the US general population. In addition, most of the included studies in 

this review did not report the demographic characteristics, and the RR estimates were 

not adjusted for potential confounders. 

Furthermore, there are inconsistencies in the reported associations between chronic 

hypertension and some adverse pregnancy outcomes, such as emergency Caesarean 

delivery (14, 43) and spontaneous preterm delivery (44, 45). Also, it remains unclear 

whether these associations have changed over the last few decades, given the 

improvement in maternal care, or whether the risks persisted independently of 

underlying risk factors, such as maternal age, BMI and parity. For example, the 

available evidence suggested that the prevalence of chronic hypertension increased 

sharply with advancing maternal age; adjustments for obesity and smoking did not 

alter this result (16). Therefore, further studies accounting for the potential 

confounders are warranted to estimate the magnitude of adverse pregnancy risk for 

women with chronic hypertension. In addition, the effect of antihypertensive treatment 

or hypertension control on these associations is not fully understood. 

1.2.4 Antihypertensive treatment and adverse pregnancy outcomes 

The available literature examining the effect of antihypertensive treatment on pregnant 

women with chronic hypertension is limited. Also, there is a lack of evidence 

regarding the magnitude of the effect size of adverse pregnancy outcomes relative to 

appropriate comparative groups. For example, previous cohort studies of women with 

chronic hypertension compared pregnancy outcomes in treated women with either 
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untreated normotensive women or untreated women with chronic hypertension. The 

findings suggested that women requiring antihypertensive treatment during pregnancy 

had a higher risk of adverse pregnancy outcomes compared to untreated normotensive 

women (46-50). On the other hand, the results were inconsistent when pregnancy 

outcomes were compared between treated and untreated women with chronic 

hypertension (51-54). 

Findings from a meta-analysis of randomized controlled trials (RCTs) in pregnant 

women with chronic hypertension showed a reduced risk of severe hypertension [5 

trials, 446 women; RR: 0.33, (95% CI, 0.19–0.56)] in treated women compared to no 

treatment or placebo (55). However, there was no effect of treatment found on other 

clinically important outcomes, including pre-eclampsia and small for gestational age 

(SGA) infants, possibly due to insufficient power in RCTs (55, 56), where enrolment 

of women with chronic hypertension ranged from 33 (57) to 263 (58) women with 

mild to moderate hypertension. In observational studies, the sample size varied widely 

from 169 pregnancies (156 women) in a hospital-based study (59) to 2,727 women 

with chronic hypertension in a population-based study (51). 

Few studies have directly compared the effectiveness of different antihypertensive 

agents in pregnant women with chronic hypertension. A Canadian population-based 

study reported a higher risk of SGA infants in pregnant women exposed to β-blockers 

only compared to those exposed to methyldopa only (60). Data from RCTs are limited; 

a meta-analysis of five trials (including <300 women for each assessed outcome) 

comparing methyldopa versus other agents reported no differences for severe 

hypertension or perinatal outcomes (55). However, no data are available on whether 

the observed effect of adverse pregnancy outcomes is modified by control of 

hypertension. Thus, large population-based studies are needed to examine the impact 

of different antihypertensive agents and BP control on the occurrence of adverse 

pregnancy outcomes among women with chronic hypertension. 

1.3 Chronic kidney disease 

Chronic kidney disease is a major global public health problem and it is associated 

with disability, decreased quality of life, and premature mortality (61). The definitions 

and classifications of CKD have changed over time, with the current international 

guidelines defining CKD as having markers of kidney damage (e.g., albumin excretion 
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rate >30 mg/d) and/or a reduced estimated glomerular filtration rate (eGFR) <60 

mL/min/1.73 m2 for at least 3 months duration, irrespective of the underlying cause 

(62, 63). The disease is further sub-classified into five stages according to the severity 

of the disease. Stage 1 and stage 2 are characterised by kidney damage (such as 

proteinuria or structural kidney abnormalities) in the presence of normal or mildly 

impaired kidney function, with an eGFR ≥60 mL/min/1.73m2. Stages 3-5 (moderate 

to severe CKD) occurs when the eGFR <60 mL/min/1.73 m2 (62, 63).  

A global prevalence of 9.5% has been reported for CKD in women, with a higher 

proportion of early stages reported in women than men (61, 64). In high-income 

countries, CKD is estimated to affect 3% of pregnant women (65), and this prevalence 

is predicted to increase in parallel with increasing maternal age and obesity in this 

population (66). 

1.3.1 Management of women with CKD  

1.3.1.1 Pre-pregnancy care 

The available guidance recommends that all women of reproductive age with CKD 

should be offered safe and effective contraception to allow pregnancy to be planned, 

with individualized and detailed risk counselling before conception (66, 67). For 

example, women with CKD might be taking a teratogenic medication, are within one 

year of renal transplantation or acute graft rejection (67). Thus, pre-pregnancy 

consultation is important for these women. Furthermore, data have shown that 

exposure to teratogenic medications such as cyclophosphamide and mycophenolate 

mofetil in the first trimester of pregnancy can lead to abnormalities in the developing 

fetus (68, 69). The first year after transplantation holds the highest risk of rejection, 

and women typically require management with teratogenic medications, which are 

associated with adverse effects on the fetus (70).  

On the other hand, women with CKD considering pregnancy should be provided pre-

pregnancy counselling by a multidisciplinary team to discuss the potential risk. Pre-

pregnancy counselling is also important as it aims to promote optimal short and long-

term health outcomes (such as minimised doses of medications, optimised BP control 

(<140/90 mmHg), and reduced risk of exposure to teratogenic medications) of these 

women and their children during and after pregnancy (67). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/glomerular-filtration-rate
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1.3.1.2 Management during pregnancy 

Management of women with CKD during pregnancy involves substitution of known 

teratogens and optimization of disease control (66). It is recommended that renal 

function be assessed during pregnancy, and women with CKD should have additional 

ultrasound assessments for biometry and fetal well-being (67). Women with CKD 

should have specialist care of kidney disease in pregnancy, in addition to routine 

antenatal care. For example, they should be seen by obstetricians as well as midwives 

during their pregnancy, and they should have extra scans to check the growth and 

wellbeing of their baby (67).  

Vitamin D deficiency, anaemia and hypertension are complicating comorbidities that 

may develop in pregnancy as a consequence of underlying CKD, which require 

tailored surveillance and management (66). For instance, medications to control BP 

may require to be adjusted before pregnancy or as soon as possible in early pregnancy, 

with a recommended target BP of 135/85 mmHg or less (67). Similar to pre-pregnancy 

management, known teratogenic and fetotoxic drugs, such as ACEIs and 

cyclophosphamide, should be avoided during pregnancy (66). 

1.3.2 Chronic kidney disease and adverse pregnancy outcomes 

Several studies have suggested that CKD is associated with a higher risk of adverse 

pregnancy outcomes (71-73). However, most of these studies are small in size and 

emanate from single centres, and associations with specific cause of CKD are less 

known. In 2015, a meta-analysis of 14 studies reported that women with CKD 

(compared to women without CKD) had higher odds of pre-eclampsia, Caesarean 

section, preterm birth, and SGA/LBW (73). However, only four out of the 14 studies 

accounted for potential confounders such as maternal age and other comorbidities. 

Many of the included studies in this review (n=8) examined adverse pregnancy 

outcomes among women with diabetic nephropathy as an exposed group, which makes 

it difficult to generalize the results to women with other underlying causes of CKD. 

Therefore, large-scale studies considering the underlying causes of CKD and potential 

confounding factors become crucial to explore these associations. 
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1.4 Pregnancy as a stress test for future cardiovascular disease 

During pregnancy, the maternal body increases its activity to fulfil the demands of the 

developing fetus (74). Accordingly, each maternal organ adapts uniquely and works 

harder in order to meet the demands of the developing fetus in a different way during 

each trimester of pregnancy (75). If an organ or system was already vulnerable before 

pregnancy, gestational syndromes might develop to meet the increased physiological 

demands of pregnancy (75). After delivery, symptoms usually subside, though this 

may be transient, and due to the effect of the age-related metabolic and pro-

atherogenic changes, these clinical syndromes may reappear in later life. As a result, 

pregnancy has been described as a medical stress test for mothers that may reveal 

subclinical cardiovascular phenotypes (75, 76). 

Cardiovascular disease (CVD) is a class of diseases that affects blood vessels and 

hearts (77). Although cardiovascular mortality has decreased considerably in the last 

few decades, it is still the leading cause of premature death in western countries (78). 

In 2019, CVD was responsible for 35% of total deaths in women (79). Prior studies 

reported associations between chronic hypertension (pre-pregnancy hypertension) and 

pregnancy complications (42); however, the data are limited on the association 

between pre-pregnancy hypertension combined with APOs and subsequent CVD. 

1.4.1 Hypertension in pregnancy and future CVD 

Over the last few decades, there has been growing evidence that women with a history 

of pregnancy complications, such as pre-eclampsia, preterm birth, or fetal growth 

restriction, had an increased risk for later development of CVD (80-84). Several 

systematic reviews and meta-analyses have been performed to investigate the 

association between pre-eclampsia and future CVD morbidity and mortality (84-88). 

The most recent review was conducted by Grandi et al. in 2019, including 83 studies 

on the risk of CVD and pregnancy complications, including preeclampsia, gestational 

hypertension, preterm birth, stillbirth, LBW or SGA (84). The findings suggested 

women with a history of pre-eclampsia, gestational hypertension, preterm birth, or 

stillbirth are at increased risk of subsequent CVD- and cerebrovascular-related 

morbidity and mortality. 

Moreover, a total of 46 studies examined the associations between HDP and future 

CVD, of which 29 examined the risk of CVD among women with all types of 
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HDP, while 17 studies examined the risk only in women with pre-eclampsia (84). The 

authors reported that preeclampsia was associated with approximately double the risk 

of cardiovascular-related morbidity [pooled OR: 2.24 (95% CI, 1.72–2.93)] and 75% 

(95% CI, 1.46–2.06) higher risk of cardiovascular-related mortality compared to 

women with no history of pre-eclampsia (84). However, most of the prior studies 

failed to adjust for important confounders (such as maternal age, BMI, and parity); the 

lack of adjustment may raise a concern regarding the validity of reported estimates by 

insufficient adjustment for the confounders (84). 

In previous studies, there are inconsistencies in defining pre-eclampsia, i.e., most 

studies combined women with pre-eclampsia and superimposed pre-eclampsia 

without consideration of the potential role of the pre-existing conditions (chronic 

hypertension) when assessing this relationship (84-88). Few studies have examined 

the risk of maternal cardiovascular outcomes in relation to pre-pregnancy hypertension 

and HDP. Two US cohort studies reported a higher risk of future CVD among women 

with superimposed pre-eclampsia than those with pre-pregnancy hypertension alone 

(89, 90). However, data were limited on the associations between pre-pregnancy 

hypertension with stroke, coronary heart disease (89) and heart failure (90). In 

addition, these studies did not assess the impact of other pregnancy complications 

(such as preterm birth and fetal growth restriction) on the reported associations. 

Therefore, studies with large-scale datasets are needed to examine the association 

between chronic hypertension during pregnancy and future CVD, considering whether 

adverse pregnancy contributed to accelerating the risk of CVD. 

1.5 The need for further research  

As illustrated earlier in this chapter, although maternal care has improved significantly 

during the past few decades, it is unclear whether adverse pregnancy outcomes have 

decreased in women with chronic hypertension or CKD. Furthermore, previous 

findings on associations between CKD and adverse pregnancy outcomes were mainly 

driven from single-centre studies, with small sample sizes and poor methodological 

quality (i.e., very limited studies adjusted for potential confounders). Thus, there is a 

need for population-based cohort studies to examine these associations while 

controlling for potential confounders. Additionally, few studies investigated the effect 
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of a specific cause of CKD, whereas none of the prior studies investigated the 

associations across different CKD subtypes. 

The available evidence from RCTs and observational studies reported that 

antihypertensive treatment reduced the risk of severe hypertension; however, its effect 

on other maternal, fetal and neonatal outcomes remains unclear. Therefore, there is a 

need for large studies to investigate the effect of different antihypertensive treatments 

on the occurrence of adverse maternal and perinatal outcomes. 

The long-term effect of pregnancy on future CVD in women with chronic 

hypertension is not fully understood. As very limited data are available about the 

associations between chronic hypertension during pregnancy and the risk of future 

CVD. In addition, prior studies have been inconsistent in evaluating the exposure of 

interest (i.e., included superimposed pre-eclampsia and chronic hypertension with 

other types of HDP). The available evidence did not assess the effect of pregnancy 

complications on the association between chronic hypertension and future CVD. 

There is also a gap in the literature about the role of important potential confounders 

on these associations, highlighting the need for further studies investigating this 

relationship while considering pregnancy complications and controlling for 

confounding factors.  

1.6 Conceptual framework for maternal morbidity 

This thesis considers chronic maternal conditions and adverse pregnancy outcomes in 

the context of the conceptual framework for maternal morbidity developed by a 

Maternal Morbidity Working Group (91). The Maternal Morbidity Measurement 

Framework is a comprehensive, woman-centred, life-cycle approach that provides 

wide-ranging perspectives on women’s health (Figure 1.1). For example, women with 

chronic hypertension and obesity might have pregnancy complications resulting in an 

increased risk of delivery by Caesarean sections; this provides concurrent risks of 

surgical intervention and requirements for anaesthesia, in line with the woman’s 

overall health. Thus these conditions may affect not only the current pregnancy, but 

also future pregnancies and long-term health as chronic hypertension and obesity are 

risk factors for increased CVD later in life (92).  
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The framework reflects the following key principles (91): 

(1) Women-centred approach: This refers to women's perspectives on what is 

important to them regarding their wellbeing and long-term health. This includes 

any health problems that directly or indirectly influence women’s lives, including 

adverse fetal and infant outcomes, which can lead to a negative maternal outcome. 

 

(2) Cyclic nature: Maternal morbidity risks are cyclical as women can become 

pregnant more than once, and sequelae of a maternal condition or adverse 

pregnancy outcomes (such as Caesarean delivery) can occur in the subsequent 

pregnancies. 

 

(3) Lasting effect: The effects of maternal morbidity can last a long time, beyond the 

pregnancy or the postpartum period (6 weeks after delivery), and there may be 

consequences later in life, during the post-reproductive or postmenopausal 

periods. For instance, women who have pre-eclampsia are more likely to have 

CVD later in life (80). 

 

(4) Socio-economic effect: Social and economic phenomena are important for 

maternal health as a clinical and biological issue. 

 

(5) Environmental effect: Environment influences the lived experience of morbidity, 

as living in a supportive environment can lead to better maternal health outcomes. 

 

(6) Groupings of maternal morbidity: The framework has a meaningful grouping 

of maternal morbidity. Thus the occurrence of any factors that may affect maternal 

morbidity (such as adverse pregnancy outcomes) should be grouped in a 

meaningful way, consistent with the International Classification of Diseases. 
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1.7 Overall aims and objectives 

The overall aim of this thesis was to examine the impact of maternal chronic 

hypertension and CKD on the risk of adverse pregnancy outcomes and long-term 

cardiovascular disease. 

In particular, the objectives of the current thesis were as follow: 

1. To synthesise the available published literature investigating the effect of 

chronic hypertension and antihypertensive treatment on the risk of adverse 

pregnancy outcomes in the form of two systematic reviews and meta-analyses. 

 

2. To synthesise the evidence from published literature on the association between 

CKD and adverse pregnancy outcomes in a form of a systematic review and 

meta-analysis. 

 

3. To investigate the risk of adverse pregnancy outcomes among women with 

chronic hypertension and/or CKD over the last three decades using data from 

Swedish National Registers, controlling for several important confounders 

(such as obesity and smoking during pregnancy). 

 

4. To investigate the effect of chronic hypertension and antihypertensive treatment 

on adverse pregnancy outcomes and examine the impact of different 

antihypertensive agents and hypertension control on these associations using 

data from the UK CALIBER platform. 

 

5. To evaluate the impact of chronic hypertension during pregnancy on the risk of 

12 cardiovascular disorders, considering whether adverse pregnancy outcomes 

contribute to the accelerated risk of CVD. 

The thesis aims and objectives are also presented in Figure 1.2. 
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1.8 Thesis outline 

This thesis is comprised of a number of peer-reviewed papers (or manuscripts under 

review) investigating the associations between maternal chronic disease (hypertension 

and CKD) and a range of adverse pregnancy outcomes and the effect of 

antihypertensive treatment on these outcomes. It also assessed the impact of chronic 

hypertension during pregnancy on long-term maternal CVD, considering whether 

adverse pregnancy outcomes are associated with the risk of CVD (Figure 1.2).  

The thesis is outlined as follow: 

Chapter 1: Introduction, conceptual framework, aims and objectives. 

Chapter 2: A detailed methods chapter outlining the study designs, populations studied, 

data sources, and statistical methods used. 

Chapter 3: Literature review consists of two systematic reviews and meta-analyses on 

the impact of chronic hypertension and antihypertensive treatment on the risk of 

adverse pregnancy outcomes (paper 1). 

Chapter 4: Literature review, comprising a systematic review and meta-analysis on the 

impact of CKD on the risk of adverse pregnancy outcome (paper 2). 

Chapter 5: Original population-based cohort study investigating the impact of chronic 

hypertension and CKD (including CKD subtypes) on the risk of adverse pregnancy 

outcomes; and assessing whether these associations have changed over the last three 

decades (paper 3). 

Chapter 6: Original population-based cohort study investigating the effect of chronic 

hypertension and antihypertensive treatment on adverse pregnancy outcomes. This 

study also assessed the impact of different antihypertensive agents and whether 

observed effects were modified by the level of hypertension control (paper 4). 

Chapter 7: Original population-based cohort study investigating the associations 

between chronic hypertension during pregnancy and future CVD, and if the occurrence 

of adverse pregnancy outcomes accelerated the risks (paper 5). 

Chapter 8: Discussion of the main findings, including the overall interpretation, 

strengths and limitations of the thesis, and conclusions.
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2.1 Chapter overview 

This chapter is comprised of a detailed description of the methods undertaken in this 

PhD thesis. First, the study designs used to answer the research questions are described 

and justified. Second, the various data sources used, including the Swedish registers 

and data from the CALIBER platform, are presented with information on how the 

linkages were done. Also, a brief summary of the available evidence on the quality and 

validity of these datasets is provided. Third, the definitions of the main exposure and 

outcome variables are presented. Fourth, information on how the ethical approvals 

were obtained for the use of the data. Next, epidemiological considerations are 

described, including the threats to the internal and external validity. The final section 

in the methods chapter details the statistical methods.  

2.2 Study design 

2.2.1 Systematic review and meta-analysis  

Chapters 3 and 4 are comprised of three systematic reviews and meta-analyses. The 

first two reviews synthesised the published literature on the impact of chronic 

hypertension and antihypertensive treatment on adverse pregnancy outcomes and are 

presented in Chapter 3. The first review included studies on the associations between 

chronic hypertension and adverse pregnancy outcomes, while the second one focused 

mainly on the effect of antihypertensive treatment. The third systematic review 

synthesised the published literature on the association between CKD and adverse 

pregnancy outcomes and it is presented in Chapter 4. The protocols of these reviews 

are available in Appendices 1 and 2, respectively, and were registered in PROSPERO, 

the International Prospective Register of Systematic Reviews (93, 94). The PICO 

criteria for these reviews are illustrated below in Table 2.1. 
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Table 2.1 PICO criteria used in the systematic reviews of this thesis  

PICO criteria used in systematic reviews on chronic hypertension and 

antihypertensive treatment 

Population Pregnant women  

Intervention/exposure 

 

1) Pregnant women with chronic hypertension 

 2) Pregnant women with chronic hypertension on 

antihypertensive treatment  

Comparison 

1) Pregnant women without chronic hypertension 

2) Untreated pregnant women (normotensive or with chronic 

hypertension), each group was handled separately in the 

analysis stage 

Outcomes 

Maternal outcomes: pre-eclampsia, Caesarean section, 

postpartum haemorrhage, haemolysis, elevated liver enzyme 

levels, and low platelet levels (HELLP syndrome), and 

maternal mortality 

Fetal and neonatal outcomes: miscarriage, stillbirth, preterm 

birth (<37 weeks), very preterm birth (<34 weeks), small-for-

gestational-age, low birthweight, neonatal intensive care unit 

admission, neonatal death, and perinatal death 

PICO criteria used in systematic reviews on chronic kidney disease (CKD) 

Population Pregnant women  

Intervention/exposure 

 

1) Pregnant women with CKD 

2) Pregnant women with late stages of CKD 

Comparison 
1) Pregnant women without CKD 

2) Pregnant women with early stages of CKD 

Outcomes 

Primary outcomes: pre-eclampsia, Caesarean section, preterm 

birth (<37 weeks), and small-for-gestational-age 

Secondary outcomes: maternal death, very preterm birth (<34 

weeks), low birthweight, neonatal intensive care unit 

admission, stillbirth, neonatal death, and perinatal death 
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2.2.2 Cohort Study using Swedish National Registers 

Chapter 5 is comprised of a population-based cohort study, using data from The 

Swedish National Registers. In this study, we attempted to fill in some of the gaps in 

the literature, which were identified from the systematic reviews in Chapters 3 and 4, 

such as assessing the impact of BMI and parity on the reported associations, and 

examining the associations across CKD subtypes in a population-based study. Hence, 

this study aimed to assess the association between maternal chronic disease (chronic 

hypertension, CKD or both conditions) and adverse pregnancy outcomes over the last 

three decades with an emphasis on the effect of parity, maternal age, and BMI on these 

associations. We further investigated the associations based on the underlying cause of 

CKD. 

The core focus of observational studies is to estimate the magnitude of risk for a 

specific condition (outcome) in relation to a considered exposure factor (95). 

Advantages of using observational studies include the use of "real-world" situations; 

however, residual and unmeasured confounding can remain (95). Two potential 

observational designs could address the research questions of this thesis (in Chapter 5): 

case-control and cohort studies, both of which have strengths and limitations. 

In case-control studies, two groups are retrospectively compared, one group with the 

outcome (case); and another group without the outcome (control). The advantages of 

case-control studies are that they are more affordable to perform compared to cohort 

studies, they can be performed more quickly because they are generally retrospective 

(95), less expensive than cohorts, and effective for assessing rare outcomes and 

multiple exposures, in particular exposures that are well recalled. However, this design 

is vulnerable to recall/information bias in detailing exposure as investigators focus on 

the outcome and "move back" toward the exposure factor. In addition, disease 

incidence and prevalence cannot be estimated using a case-control design, except for 

certain circumstances. Considering that the original studies in this thesis were based on 

existing secondary data, case-control studies were not needed, and instead, a 

population-based cohort study design was used. 

Population-based cohort studies are a specific category of epidemiological studies, 

where a sample, or even the entirety, of a defined population, is followed up and 

observed longitudinally to assess exposure and outcome relationships (96). Population-
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based cohorts can be constructed via data linkage from several administrative and 

medical sources (e.g., hospital records, death certificates) using unique individual 

identifiers. The key advantage of a well-designed population-based cohort studies is 

their external validity‒the applicability of their results to a defined population when 

constructed from a representative sample (96). Other advantages include the ability to 

estimate the incidence and prevalence of relevant variables in the defined population 

and compare distributions of measured risk factors at baseline with future distributions 

to assess risk factor trends over time. However, limitations of population-based cohort 

include high cost and logistic complexities, missing data, and lack of information on 

potential confounders (96). 

In Chapter 5, a population-based cohort design was used to address the research 

questions. This design was selected for many reasons. First, using an available dataset 

(The Swedish National Registers) includes data on both exposures and outcomes of 

interest, saving resources such as large financial costs and time associated with 

collecting primary data. Second, the Swedish registers can be linked using unique 

personal identifiers. Third, these registers contain data on a wide range of 

sociodemographic and perinatal factors, allowing investigators to adjust for a vast 

number of potential confounders. Fourth, the Swedish Birth Register (MBR) has a 

national coverage (>99%) (97), which provided a representative, large sample size with 

sufficient power. This allowed us to do subgroup analysis based on important effect 

modifiers and confounding factors such as parity, maternal age, and BMI. 

2.2.3 Cohort Studies using data from CALIBER platform 

Chapters 6 and 7 are comprised of a population-based cohort study using linked 

electronic health records (EHRs) from the CALIBER platform. Chapter 6 includes four 

main objectives: 1) compared adverse pregnancy outcomes in women with chronic 

hypertension and women without chronic hypertension; 2) investigated the effect of 

antihypertensive treatment in women with chronic hypertension (treated vs untreated); 

3) investigated the effect of different antihypertensive agents; and 4) assessed 

pregnancy outcomes according to BP levels. The Swedish Registry data could not be 

used to answer these research questions because we did not have access to the Swedish 

Prescribed Drug Register, which was established in 2005 (98). 
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Although RCTs are generally considered to be the gold standard for generating clinical 

evidence, specifically when evaluating the effect of treatment (i.e., antihypertensive 

medications), it is suggested that using "real-world" evidence in medical research 

presents opportunities to supplement or replace some clinical trials (99). As a result, 

the use of EHRs in post-marketing pharmaco-epidemiological research is gaining 

considerable interest, given that linked EHRs provide data on a large number of patients 

with detailed information on sociodemographic, clinical data (such as diagnoses and 

medications) and events. Rarer and long-term effects of pharmaceuticals, and the 

beneficial and harmful effects in populations less likely to participate in trials are often 

revealed in surveillance data. 

Furthermore, previous RCTs assessing the effect of antihypertensive treatment during 

pregnancy in women with chronic hypertension were small and lacked the statistical 

power to detect treatment effects on perinatal outcomes (55, 100), although they were 

powered for the primary outcomes (mostly severe hypertension). Therefore, the scale 

of EHRs data offers a sufficient sample size to investigate the effect of antihypertensive 

treatment on perinatal outcomes while adjusting for potential confounding factors. 

Thus, we used a population-based study design to address the research questions (in 

Chapter 5) regarding the effect of using antihypertensive treatment during pregnancy 

on adverse pregnancy outcomes. 

Chapter 7 examines the association between chronic hypertension during pregnancy 

and future risk of CVD, and whether the occurrence of adverse pregnancy outcomes 

accelerated the risks of cardiovascular events. Given that CALIBER has detailed data 

on 12 cardiovascular disorders, it is ideal to answer this research question. 

2.3 Data sources 

2.3.1 The Swedish National Registers 

The National Board of Health and Welfare in Sweden had established a number of 

national registers for various purposes, such as to facilitate analysing data for the 

development of Swedish healthcare and social services. Four registers with specific 

information are available:1) the MBR, 2) the National Patient Register (NPR), 3) the 

Swedish Cancer Register, and 4) the Swedish Prescribed Drug Register. Data from the 

Swedish registers can be linked using Personal Identification Number (PIN). This 

thesis used data from two registers: the Swedish MBR and the NPR.  
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2.3.1.1 The Medical Birth Register (MBR) 

The Swedish MBR was established in 1973 as a source of data on perinatal 

epidemiology, and it contains information approximately on all births in Sweden (101). 

All healthcare providers are required to report to the register; as a result, only 1–5% of 

all infants records are missing completely (97). 

This register comprises information on prenatal, delivery, and neonatal care (101). 

Information from prenatal care includes maternal age, smoking status and information 

on previous pregnancies, such as maternal medical history. Information from the 

delivery includes data on maternal diagnoses, mode of delivery, fetal presentation, 

analgesia and anaesthesia and hospital code. Finally, information from neonatal care 

contains data about the infant's birthweight, gestational age, body length and head 

circumference, type of pregnancy (single or multiple births), Apgar score, infant 

diagnoses and whether the birth was live birth/stillbirth.  

The basic structure of the register has remained unchanged since 1973, but there have 

been some modifications to the content and methods of data collection (97). From 1973 

to 1982, the secretaries at obstetric clinics summarised documents called "Medical 

Birth Reports" on a standard form. These were then sent to the National Board of Health 

and Welfare in Sweden for computerisation. In 1982, a revised procedure was used, 

where the content of the register was retrieved directly from the three medical records, 

preventing possible discrepancies during data transfer (97). At the same time (1982), 

additional variables were added, including smoking status, height, and pre-pregnancy 

weight. Finally, the content of the register was also modified in 1990, 1994 and 1998 

to include details on social factors (such as parents' nationality, mother's county of 

birth, year of immigration, and induction of delivery) (97).  

The validity of the Swedish MBR has been established, as previous studies reported a 

sufficient degree of coverage of data for most variables in this register (97, 102). 

However, it was highlighted that in 1986, 10% of the pregnancy diagnosis had not been 

entered in the MBR, which includes chronic hypertension, multiple sclerosis, and 

epilepsy (102). Therefore, in this thesis, recorded data in the MBR on maternal chronic 

hypertension, CKD and other comorbidities were supplemented by data from NPR. 
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The importance of the MBR in the Scandinavian countries was summed up by Allen 

Wilcox in his paper about the Norway Medical Birth Register as he stated, “This 

prodigious scientific productivity is a credit to the researchers of Norway, and most 

especially to the founders of the Medical Birth Registry. The founders had faith that 

the seeds they planted would contribute to the health of the Norwegian people. What 

the founders could not have foreseen was the benefits that the Registry would provide 

to the world at large” (103). 

This thesis included data on births recorded from 1982 onwards as data were better 

recorded, particularly for BMI and smoking status, which are considered important risk 

factors in the current study (Chapter 5). This way, we were able to capture the full 

reproductive history of the women by including women who had their first birth from 

1982 onwards and by excluding women who had at least one birth between 1973 and 

1982. Chronic hypertension and CKD are recorded in the MBR; these variables were 

supplemented by data from the NPR to capture pregnant women with chronic 

hypertension and CKD. 

2.3.1.2 The National Patient Register (NPR) 

The NPR contains information on all inpatients and outpatients in Sweden. In the 

1960s, the National Board of Health and Welfare started to record inpatients data in 

public hospitals. Accordingly, the Swedish National Inpatient Register was launched 

in 1964. It initially contained data on all patients treated in psychiatric care and covered 

6 of the 26 county councils in Sweden, with national coverage of only 16%, and this 

increased gradually to 50% in 1970 and 85% by 1983. Then, in 1984 the Ministry of 

Health and Welfare, together with the Federation of County Councils, decided 

mandatory participation for all county councils. As a result, national coverage of all 

inpatient admissions in Sweden was achieved in 1987 (104, 105). In addition, the 

register was expanded in 2001 to cover outpatient data, including day surgery and 

psychiatric care from both private and public hospitals (104, 105). 

The type of data in NPR can be divided into four main categories. First, patient-related 

data includes personal registration number, gender, age, and place of residence. 

Second, information on the caregiver (geographical data) includes county council, 

hospital/clinic, and department. Third, administrative data contains information on 

admission date, length of stay (for inpatient), discharge date, and whether the admission 
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was planned/unplanned. The fourth category on medical data includes information on 

the primary diagnosis, secondary diagnosis and procedures (105). The diagnoses in the 

NPR are coded according to the Swedish international classification of disease (ICD) 

system (Figure 2.1). 

 

The quality of the Swedish Inpatient Register has been validated in many studies. A 

systematic review of 132 papers reported a variation in the positive predictive value 

between diagnoses from inpatient data, and it generally ranged from 85-95% (104). 

Moreover, evidence has shown that inpatient data provide limited information on 

hypertension diagnosis (106), whereas this was largely captured by outpatient data 

(107). Consequently, it was suggested that inpatient and outpatient data should be 

combined (for epidemiological analyses) to provide a more comprehensive estimate of 

the burden of disease (106). Based on this, in this thesis (Chapter 5), inpatient and 

outpatient data were combined to identify pregnant women with chronic hypertension 

and CKD diagnoses, in addition to the recorded variables in MBR. 

2.3.1.3 The Register of Education 

The Swedish Register of Education was established in 1985, and it comprises the 

population aged 16–74 years old registered as residents in Sweden. The register 

contains data on education and graduation, such as the highest education level and 

completion year. This covers primary and secondary school education, undergraduate 

1964: ICD-7 1968: ICD-8 1987: ICD-9 1997: ICD-10 

1997: Day-surgery data were added 

2001: Outpatient data 

Figure 2.1 Overview of data and shifting in ICD codes in the Swedish National Patient 

Inpatient data were established 
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and postgraduate education. In addition, information on demographics (e.g., age and 

sex), PIN, and the municipality of residence are recorded in this register. In 1990, the 

Population and Housing Census data was used to update and improve the quality of the 

Education Register (108). 

2.3.1.4 Linkages between the Swedish National Registers 

The Swedish national health registers depend on a unique identifier (PIN), which was 

introduced in 1947 (109). Since then, every individual that has resided in Sweden has 

been assigned a PIN which consisted of three parts: date of birth, a three-digit birth 

number, and a check digit. The three-digit birth number is sex-specific, whereas the 

check digit was added in 1967 to the three-digit number to verify that the first two parts 

(data of birth and the three-digit number) are correct. The PIN serves as a unique 

identifier, particularly in Swedish health care, and it is a vital component of large 

register linkages, including the MBR and the NPR (109). 

2.3.2 CALIBER: A linked electronic health records platform 

The CALIBER (Clinical research using Linked Bespoke studies and Electronic health 

Records) platform is a series of linkages between UK EHRs which consisted of four 

constituent data sources: 1) a longitudinal primary care electronic patient records from 

the Clinical Practice Research Datalink (CPRD); 2) data on hospital admissions and 

procedures from the Hospital Episodes Statistics (HES); 3) a national acute coronary 

disease registry from Myocardial Ischaemia National Audit Project (MINAP); and 4) 

data on cause-specific mortality records from the Office for National Statistics (ONS), 

in addition to social deprivation data (110). Each of these data sources is further 

described below. 

2.3.2.1 Data sources in CALIBER platform 

2.3.2.1.1 Clinical Practice Research Database (CPRD) 

The CPRD is one of the largest databases of longitudinal medical records from primary 

care in the world. It was established in 1987 as the Value Added Medical Products 

(VAMP) database, which was evolved into the General Practice Research Database 

(GPRD) in 1993. The GPRD was then expanded, with an emphasis on data linkage 

with other anonymised EHRs in 2012 to become the CPRD (111, 112). The CPRD is 

a governmental research service that collects anonymised electronic longitudinal 
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primary care data on a large and representative sample covering over 11.3 million 

patients (with 4.4 million active patients) from 674 general practitioners covering 

approximately 7 per cent of the UK population (111). 

The CPRD provides information about patients, including socio-demographics, clinical 

diagnoses, laboratory tests, signs and symptoms, prescribing of drugs and devices, 

procedures, immunisations, health behaviours, cause and date of patient death (111). 

The UK general practice computer systems use Read terms, a hierarchical clinical 

coding system which was developed by Dr James Read and eventually acquired by the 

National Health Service (NHS) (113). During a ‘consultation’, general practitioners 

(GPs) or other practice staff enter a number of Read codes to describe a patient’s 

condition (e.g. lifestyle measures such as smoking status, symptoms, diagnoses, 

clinical tests performed, and therapies offered) (111). Additionally, the CPRD has 

developed another coding system, ‘medcode’, which is simply a numeric equivalent of 

the Read code. 

The CPRD uses measures to identify acceptable data for research purposes across two 

aspects: i) at the patient level and ii) at the primary care practice level. At the patient-

level, data are used only on patients who were marked as "acceptable for research" by 

the CPRD. Patients are labelled as acceptable following an algorithm process, where 

patients with noncontinuous follow-up or patients with poor data are identified and 

excluded (114) (the reasons for excluding patients are illustrated in Table 2.2). The 

second measure is the overall quality of the data recorded in a primary care practice, 

where recording is assessed against practice-based standards (the standards are outlined 

in Table 2.2). If a practice meets these standards, they are labelled "up-to-standard 

(UTS)" date (115). The UTS date is determined for each participating practice as the 

date at which individual practice’s data met the minimum standards and considered to 

have continuous, high-quality data fit for use in research (111, 115). In this thesis, we 

included data from English general practices with UTS date. 

Although the CPRD covers a small proportion of the UK population, the dataset has 

been found to be representative of that population (116, 117) and with high validity 

(118). Completeness of BMI data in CPRD varies over time from 37% in 1990–1994 

to 77% in 2005–2011, and recording was higher among females, older age groups and 

with comorbidities. However, a substantial number of patients (33–47% across years) 

did not have recent measures (≤3 years) of BMI records (117). 
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In contrast, data on prescribed medication from CPRD is well documented and has 

been used extensively in drug safety research (119). The GP uses the computer to 

generate prescriptions, and these are automatically recorded in the database; therefore, 

the therapy file is complete, except for prescriptions issued in secondary care and for 

medications that are purchased over the counter (119). Although the CPRD recorded 

medication prescriptions, it does not measure adherence to treatment (whether 

medications are taken). Nevertheless, the available evidence of data on the requesting 

of repeat prescriptions suggested that medication is being taken (119). 

2.3.2.1.2 Hospital Episode Statistics (HES) 

The HES was established in the 1980s by the Department of Health working group 

with the purpose of national data collection on hospital-based activity to inform 

management and planning of health services (120). It contains admitted patient care 

data since 1989 and outpatient attendance data since 2003 (121). The HES is a database 

Table 2.2 Data quality standards used by CPRD 

Acceptable Patientsa 

Practice-level quality 

standards: Up to standard 

(UTS) 

• An empty or invalid first registration dateb 

• An empty or invalid current registration date 

• Absence of a record for a year of birth 

• A first registration date prior to their birth year 

• A current registration date prior to their birth year 

• A transferred outc reason with no transferred out date  

• A transferred-out date with no transferred out reason  

• A transferred-out date prior to their first registration date  

• A transferred-out date prior to their current registration date  

• A current registration date prior to their first registration date  

• A gender other than Female/Male/Indeterminate  

• An age of greater than 115 at end of follow up 

• Recorded health care episodes in years prior to birth year 

• All recorded health care episodes have empty or invalid event 

dates 

• Registration status of temporary patients 

• The percentage of 

'acceptable' patients 

• The monthly prescription 

rate comparable to other 

practices 

• Percentage of prescriptions 

with a medical indication 

• Death rates comparable to 

other practices 

• Recording of cause of death 

• Recording outcome of 

pregnancy 

• Referral rate comparable to 

other practices 

• Percentage of referrals with 

recorded clinical speciality 

a If any of these conditions are true, the patient is labelled 'unacceptable' and is not recommended for use in 

research; b Registration date refers to the date when first registered with the general practice; c Transferred 

out refers to when patient leave practice. Source: Wood et al. (115) 
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comprising detailed information of all admissions at NHS hospitals in England. In 

addition, the HES also covers admissions to independent sector providers funded by 

the NHS (122). The NHS is estimated to fund 98–99% of hospitals in England (123) 

and almost all births in NHS hospitals (representing approximately 97% of all births in 

England) (124).  

During a hospital admission, data on all administrative records (such as dates and 

methods of admission and discharge), including inpatients, outpatients, critical care, 

maternity and emergency are collected (123). All clinical diagnoses are recorded using 

the International Classification of Diseases and Health-Related Problems, 10th 

Reversion (ICD-10) codes (125). Other interventions and procedures are coded using 

the Office of Population Censuses and Surveys Classifications of Interventions and 

Procedures (OPCS), Version 4 (126). 

In 2004, the NHS switched the funding for hospitals from block contracts to payment 

by results (PbR), in which hospitals were paid for each admission record, grouped into 

broad reimbursement bands. As a result, the introduction of PbR led to an improvement 

in diagnosis accuracy (127). A systematic review of 32 studies assessed the quality of 

the HES data, reported a median diagnostic accuracy of 80% (IQR: 63.3–94.1%), 

whereas the accuracy of procedure coding was 84.2% (IQR: 68.7–88.7%) (127). Since 

the introduction of PbR, the accuracy for primary diagnosis has improved from 73.8% 

(IQR: 59.3–92.1%) to 96.0% (IQR: 89.3–96.3). The authors concluded that accuracy 

rates are improving and suggested that routinely collected data are sufficiently robust 

to support their use for research (127). 

2.3.2.1.3 Myocardial Ischaemia National Audit Project (MINAP) 

The MINAP is a national registry of patients attending hospitals with Acute Coronary 

Syndrome (ACS) events in England and Wales, and participation is mandated in all 

hospitals. The MINAP was established in 1998, and data collection began in 2000 

(128), reached near national coverage by 2003, and covered all NHS hospitals (242 

hospitals) in England and Wales since 2009. Each MINAP record contains data on 

patient demographic characteristics, medical history, clinical features and 

investigations, drug treatment (pre-, during and post-admission) and final diagnosis 

(110). A comparison between CPRD, HES, and MINAP found a similar prevalence of 

cardiovascular risk factors and comorbidities across the three data sources. However, 
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it was reported that each data source missed a substantial proportion (25-50%) of 

myocardial infarction events (129). Thus, combining data from the three sources 

provided a comprehensive estimate of the event. 

2.3.2.1.4 Office for National Statistics (ONS) 

The Office for Population Censuses and Surveys, now known as "ONS", was 

established in 1974. The ONS contains data on cause-specific mortality for all residents 

in the UK. By law, any death occurring in England and Wales must be registered within 

five days of the death and accompanied by a medical certificate of the cause of death, 

except in limited cases where deaths require further investigations (autopsy) to certify 

the cause of death. Hence, data on mortality is representative of the whole population 

of England and Wales, including those in non-private households and all age groups. 

However, the ONS does not include mortality data for resident people in the UK who 

die abroad. Data on cause-specific mortality are extracted from death certificates and 

recorded using I-CD8 (1971–1981), ICD-9 (1981–2000) or ICD-10 (2000 onwards) 

(130, 131). 

Although EHRs sources are considered complementary to each other by providing a 

different aspect of a patient's disease status, for mortality, the ONS date of death is used 

as the "gold standard" (114). A study of 118,571 deaths in England reported a 

discrepancy in recorded death dates between primary care records (from CPRD data) 

and ONS national data in almost a quarter (23%) of cases (132). In the majority of cases 

of discrepancy, the variation was mainly due to delay in recording the date of death by 

the GPs (CPRD data), as the date of death recorded by the GPs comes after that 

recorded by ONS (132). Therefore, in line with previous literature, we used the ONS 

as the "gold standard" for determining mortality in this thesis. 

2.3.2.1.5 Index of Multiple Deprivation (IMD) 

The indices of deprivation are a tool for identifying the most deprived area in England, 

which policymakers and communities can use for effective targeting of resources (133). 

Individual practice score was calculated by the ONS, using patients’ postcodes (134). 

The overall practice’s deprivation score derived from the IMD measure, which is a set 

of deprivation in a small area (Lower-layer Super Output Area) in seven distinct 

domains: income deprivation, employment deprivation, education, skills and training 

deprivation, health deprivation and disability, crime, barriers to housing and services, 
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and living environment deprivation (133, 134). Data are not available for individual 

measures on deprivation, so we used the IMD as a measure of deprivation at an area 

level in this thesis. 

2.3.2.2 Data linkages between the UK EHRs 

Each patient in the UK has a unique identifier (the NHS number) which enables 

linkages between different datasets. The NHS number was introduced with the 

inception of the NHS in 1984 based on the national registration number. A modern 

style of a ten-digit NHS number was introduced in 1996, replacing the previous system, 

nine digits to uniquely identify individuals, with the 10th digit being a check digit to 

confirm the validity of the other nine. Any individuals who registered with a GP can 

obtain the NHS number from the GP practice, and from October 2002, all babies born 

in England and Wales have been issued NHS numbers from birth. In addition to NHS 

numbers, the UK datasets can also be linked using other information on patient 

identifiers, such as date of birth, sex, and postcode. The NHS number is a reliable 

identifier for record linkage that enables the identification of patients in a unique way 

while preserving patient confidentiality (110). 

In CALIBER research platform, data linkages are performed by a trusted third party 

(TTP) using the NHS number, date of birth, gender, and postcode; 96% of patients with 

valid NHS numbers were successfully linked (114). Additionally, around 45% of the 

592 CPRD practices in the UK consented to linkage of their registered patients (110). 

This thesis included women in practices that consented to linkages between CPRD, and 

HES records (Figure 2.2).
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Figure 2.2 Data sources and linkages in CALIBER platform 

Source: based on Denaxas et al. (114). 
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2.4 Exposures, Outcomes and Covariates 

2.4.1 Exposures 

2.4.1.1 Chronic kidney disease 

In the Swedish data study (Chapter 5), data on the diagnosis of CKD were obtained from 

the MBR and NPR using ICD-8 (through 1986), ICD-9 (1987–1996) and ICD-10 codes 

(1997–2012). Similarly, we used ICD codes (from the two registers) to identify the 

specific underlying cause of CKD, and that included: tubulointerstitial CKD, 

glomerular/proteinuric CKD, diabetic nephropathy, renovascular disease, 

congenital/malformation kidney disease, and unspecified CKD. 

2.4.1.2 Chronic hypertension 

In the Swedish data study (Chapter 5), data on the diagnosis of chronic hypertension 

were obtained from the MBR and NPR using ICD-8 (through 1986), ICD-9 (1987–1996) 

and ICD-10 codes (1997–2012). 

In CALIBER studies (Chapters 6 and 7), data on chronic hypertension were obtained 

from the validated CALIBER phenotype (135), in which chronic hypertension record 

was classified as either inferred or diagnosed. A diagnosed hypertension refers to a 

recorded diagnosis of hypertension during a consultation in primary care or during 

hospitalisation. An inferred hypertension refers to patients who received repeat 

prescriptions (at least two prescriptions within 6 months) of BP lowering-medication or 

based on BP readings. In this thesis, pregnant women were considered to have chronic 

hypertension if the diagnosis date or prescription date (using the phenotype variable) was 

either before pregnancy or before 20 weeks' gestation.  

In Chapter 6, available data on BP readings that were measured during pregnancy were 

used in the statistical analysis. Data on BP readings were obtained from primary care 

(CPRD); if a pregnant woman had more than one BP measurement, the average readings 

of sBP and dBP were calculated. The BP readings were categorised into (<115, 115–

129, 130–139, 140–159, 160–179 and ≥180 mmHg) for sBP, and (<75, 75–84, 85–89, 

90–94, 95–99 and ≥100 mmHg) for dBP. 

2.4.1.3 Antihypertensive treatment 

In CALIBER studies (Chapters 6 and 7), data on antihypertensive medication was 

identified from the CPRD. Treated women were defined as women with chronic 

hypertension who were dispensed at least one prescription for an antihypertensive 
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treatment during pregnancy. On the other hand, untreated groups refer to women who 

did not have a prescription for an antihypertensive treatment during pregnancy, and they 

were divided into (1) untreated normotensive women and (2) untreated women with 

chronic hypertension. 

2.4.1.4 Chronic hypertension and pregnancy complications 

In the CALIBER study (Chapter 7), data on chronic hypertension were obtained from 

the validated CALIBER phenotype variable (135), as illustrated above in section 2.4.1.2. 

Each pregnancy record was first classified as either (1) no pre-pregnancy hypertension 

or (2) pre-pregnancy hypertension (chronic hypertension). Then we sub-classified these 

two groups according to the presence of adverse pregnancy outcomes into: (1) neither 

pre-pregnancy hypertension nor adverse pregnancy outcomes, (2) no pre-pregnancy 

hypertension with adverse pregnancy outcomes, 3) pre-pregnancy hypertension without 

adverse pregnancy outcomes, and 4) pre-pregnancy hypertension with adverse 

pregnancy outcomes. Data on pregnancy complications include pre-eclampsia, stillbirth, 

preterm birth (<37 weeks), and fetal growth restriction. Data on stillbirth and preterm 

birth were obtained from recorded variables in the CPRD Pregnancy Register and HES 

Maternity File. Data on pre-eclampsia and fetal growth restriction were obtained from 

primary care (CPRD) and hospital care (HES) using Read or ICD-10 codes, respectively. 

2.4.2 Outcomes 

 2.4.2.1 Adverse pregnancy outcomes 

The original study in Chapter 5 examined the associations between maternal chronic 

disease (chronic hypertension and CKD) and adverse pregnancy outcomes using data 

from the Swedish Registers. Data on adverse pregnancy outcomes were obtained from 

the Swedish MBR, including pre-eclampsia, Caesarean section, preterm birth, stillbirth 

and SGA. 

Pre-eclampsia was defined as at least 2 dBP measurements of ≥90 mmHg, combined 

with proteinuria (≥0.3 g/day or ≥1+ on a urine dipstick), and this was obtained from 

primary and secondary maternal diagnoses in the MBR using ICD codes. Caesarean 

section was further sub-classified into pre-labour Caesarean section (before onset of 

labour) and in-labour Caesarean section (after onset of labour). 

Preterm birth was categorised as spontaneous preterm birth (<37 weeks’ gestation) and 

medically indicated preterm birth (<37 weeks’ gestation). Additionally, preterm birth 
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was classified into extreme preterm (<28 weeks), severe preterm (28–31 weeks), 

moderated preterm (32–33 weeks), and near term (34–36 weeks) delivery (136). 

Stillbirth (antepartum or intrapartum fetal death) was defined as fetal loss after 28 

completed weeks (until June 2008), but that was changed to fetal loss after 22 completed 

weeks since July 2008 (137). Small-for-gestational-age was defined as a birthweight 

below two standard deviations (SDs) of the mean birthweight of the sex-specific and 

gestational age distributions. 

In CALIBER study (Chapter 6), data on adverse pregnancy outcomes were obtained 

from primary care (CPRD) and secondary care (HES). The primary outcomes included 

a diagnosis of pre-eclampsia, fetal growth restriction, preterm birth (<37 weeks’ 

gestation), or very preterm birth (<32 weeks’ gestation). Secondary outcomes included 

stillbirth, emergency Caesarean section, elective Caesarean section, and severe 

hypertension (BP≥160/110 mmHg). The Read and ICD-10 codes were used to identify 

pre-eclampsia and fetal growth restriction, whereas data on preterm birth, stillbirth and 

Caesarean delivery were obtained from recorded variables in the CPRD Pregnancy 

Register and HES Maternity File. 

2.4.2.2 Long-term cardiovascular disease 

In Chapter 7 (using data from CALIBER), the outcome of interest included the first fatal 

or non-fatal occurrence of 12 cardiovascular disorders (ischemic stroke, intracerebral 

haemorrhage, subarachnoid haemorrhage, stroke not otherwise specified (NOS), 

myocardial infarction, stable angina, unstable angina, coronary heart disease NOS, 

peripheral arterial disease, abdominal aortic aneurysm, atrial fibrillation, and heart 

failure) and the composite outcome of CVD (the first event of any of the 12 

cardiovascular outcomes plus any recorded cardiovascular mortality). Data on the 12 

phenotypes were defined using inferred or diagnosed cases of the validated CALIBER 

phenotypes (110, 129), and these definitions are regularly used in studies from 

CALIBER on CVD (80, 135). In addition, data on CVD mortality were obtained from 

death certificates based on ICD-9 and ICD-10 codes. 

Composite outcomes were created according to the following groupings: all stroke 

(ischemic stroke, intracerebral haemorrhage, subarachnoid haemorrhage, stroke NOS), 

all peripheral disease (peripheral arterial disease, abdominal aortic aneurysm), and 
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cardiac atherosclerotic (myocardial infarction, stable angina, coronary heart disease 

NOS). 

2.5 Data access and ethics  

Ethical approval is not specifically required for the cohort studies undertaken for this 

PhD thesis as only anonymised data were used, and ethical approval for the data sources 

exists. However, ethical approvals were obtained to use the data from Swedish National 

Registers and CALIBER platform and locally from University College Cork.  

In the Swedish registers, investigators can access only anonymised personal data if they 

apply to use data for research purposes. The Swedish Ethics Review Board allowed PIN-

based register-linkages, then the PINs of the merged data are removed and replaced by 

unique serial numbers (lpnr) by the National Board of Health and Welfare before data 

are delivered to the researchers (109). The researchers are obliged to secure storage of 

the dataset and never back-track the identity of patients in the anonymised dataset. These 

precautionary measures were suggested to be sufficient to protect the integrity of patients 

(109). Additionally, informed consent was unnecessary and would not be feasible when 

performing large register-based research using the Swedish registers (138). 

Ethical approval for the use of data from the Swedish registers was obtained from the 

Swedish Ethical Review Authority in Stockholm, Sweden (Regionala 

Etikprovningsnamnden Stockholm). Another ethical approval was granted from the 

Social Research and Ethics Committee, University College Cork (reference number 

2019-214). 

For CALIBER studies, the Independent Scientific Approval Committee (ISAC) of the 

Medicines and Healthcare products Regulatory Agency (MHRA) requests submission of 

the study protocol and information on investigators. The protocol was approved by the 

ISAC for MHRA Database Research (ISAC protocol number 16_280R). 

2.6 Key epidemiological considerations 

Most epidemiological studies aim to establish a causal association between a predictor 

factor (exposure) and an outcome of interest. Until now, there is no agreement among 

epidemiologists on a set of casual criteria (139), but there are three potential explanations 

for finding associations in epidemiological research when a true association does not 

exist: bias, confounding, and chance. Trying to minimize the impact of these factors in 
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design and analysis is crucial in observational studies for estimation accuracy, which 

might improve the potential for a causal claim.  

2.6.1 Validity of estimation 

Obtaining a valid and precise estimate of the effect of exposure on the occurrence of an 

outcome is the first step in epidemiological research (139). Another key point is to obtain 

an estimate that can be generalisable to the relevant population.  

Overall, the validity of a study is divided into two types: internal and external. Internal 

validity implies that the study estimated unbiasedly what it claimed to, and external 

validity refers to the ability to generalise the study results beyond the study population 

(140). External validity is not a concern in this thesis, as a population-based design was 

used to address the research questions. However, internal validity is considered as a 

prerequisite for external validity, and the most violations of internal validity are selection 

bias, information bias and confounding (139). Each of these components is described in 

more detail below. 

2.6.2 Selection bias 

Selection biases are distortions that occur from procedures used to select subjects and 

from factors that influence study participation (139). In other words, it is an error in 

choosing the study group or group within the study (particularly in case-control design) 

and can affect the internal validity of the study (140). If the way in selecting the exposed 

and unexposed individuals resulted in an apparent association (even if the exposure and 

outcome are not related), in that case, the apparent association is a result of selection bias 

(140). Sources of selection bias include nonresponse of potential study subjects, as 

people who do not respond in a study differ from those who do (140). Other sources of 

selection bias include self-selection, exclusion bias (applying different eligibility criteria 

for selecting the exposed/case and unexposed/control groups) (139, 140).  

Cohort studies enrol subjects who have not yet developed the outcomes of interest; 

therefore, selection bias due to enrolment procedures is rare but can occur. Selection bias 

in cohort studies occurs if a selection of either exposed or unexposed subjects is 

somehow related to the outcome or due to differential retention during follow up (141). 

While selection bias in registries is rare, it is possible that poorly defined phenotype or 

lacks of comprehensiveness leads to selection bias and reduces the validity of effect 
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estimates (142). In Chapter 5, we used data from the Swedish National Registers and 

data were routinely collected on all patients as part of health care delivery. Similarly, in 

Chapters 6 and 7, we used data from CALIBER platform, which involves longitudinal, 

routinely collected data from primary care and secondary care. However, selection bias 

in registries might occur due to incomplete recruitment, i.e., if a woman had home birth. 

In Sweden and the UK almost all births take place in a hospital; the percentage of women 

planned to have home birth was 0.1% in Sweden and 2% in the UK (143, 144). Thus, 

this small percentage of home births is unlikely to affect our results on adverse pregnancy 

outcomes as almost all births in Sweden and the UK take place in hospitals. In addition, 

data on diagnoses of chronic hypertension and CKD in Chapter 5 were obtained from 

the Swedish MBR and NPR to better capture women with these conditions. Similarly, 

data on diagnoses of chronic hypertension and CVD (Chapters 6 and 7) were collected 

from different sources, including CPRD and HES, which provided a comprehensive 

estimate of the exposure and outcome of interest (129). Therefore, selection bias in this 

research is minimized. 

2.6.3 Information bias 

Information bias is a distortion in the measure of association caused by a lack of accurate 

measurements of key study variables (145). Accordingly, bias in estimating an effect can 

be caused by measurement errors in the needed information. Researchers may 

misclassify subjects due to inaccuracies in methods of data acquisition and thereby 

introduce a misclassification bias, which is further subclassified into differential and 

non-differential (140). The direction and magnitude of the estimates vary depending on 

the distribution of errors (139). 

Differential misclassification occurs when misclassification of exposure/outcome is not 

equal between exposed and unexposed subjects, and the results can be biased in either 

direction towards or away from the null. The non-differential misclassification occurs if 

there is equal misclassification of exposure/outcome between exposed and unexposed 

subjects, this type of misclassification is not related to exposure or outcome (145). It 

results from inaccuracy of the data collection method and is shifting the results toward 

the null, leading potentially to underestimating the true effect size (140). 

All types of studies can be subject to information bias, particularly those relying on self-

report data collection. Missing data can also cause information bias, as certain groups 
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are more likely to have missing data (146). For instance, a UK study has reported that 

smoking status is generally well recorded in primary care, but misclassification of ex-

smokers as never-smokers is likely to occur in those quitting smoking at an early age 

and/or a long time ago (147). Patients with no record of smoking status are more likely 

to be ex-smokers or never-smokers than current smokers (147). 

Among the included studies in this thesis, women with chronic hypertension might be 

misclassified with gestational hypertension, as evidence has shown that the diagnosis of 

chronic hypertension is often identified at the first or early second-trimester appointment 

(9). Thus, if a pregnant woman had an unrecorded diagnosis of chronic hypertension and 

did not attend antenatal care in early pregnancy, she might be diagnosed (misclassified) 

with gestational hypertension. This may underestimate the true effect size of the 

association between chronic hypertension and outcomes of interest. Other sources of 

information bias in this thesis could be the missing data on covariates, including smoking 

status and BMI from CALIBER platform. However, this was handled separately in the 

analysis stages using an indicator variable, which allowed us to use the entire cohort 

while adjusting for a potential source of bias. 

2.6.4 Confounding 

Confounding is a type of systematic error in many epidemiologic studies. It refers to a 

distortion of the association between an exposure and an outcome by an extraneous (third 

variable) (148). Confounding occurs if the extraneous effect becomes mixed with the 

effect under study (139). The extraneous variable responsible for differences in the 

occurrence of outcome frequency between the exposed and unexposed is known as a 

confounder. There are three criteria for a variable to be a confounder; it must be: (1) 

associated with the outcome of interest and independent of exposure, (2) associated with 

the exposure of interest, and (3) it should not be caused by the exposure (not on the 

causal pathway) or the outcome (139). 

The issue of confounding can be addressed in several ways, either in the design or 

analysis phase of the study. In the design phase, confounding can be controlled by 

randomisation, restriction, and matching. Randomisation is a method of controlling for 

known and unknown factors (confounders) between the study groups. However, this 

method can be applied to RCTs only and cannot be performed in cohort studies. 

Matching is a common method to handle confounding, where investigators match the 



 

 

64 

 

exposed to the unexposed for the factors they suspect could be a potential confounder. 

Restriction eliminates variation in a confounder by limiting the study to subjects with 

particular characteristics. 

In this thesis, we addressed confounding in the design stage as we chose to restrict our 

database from the Swedish MBR (Chapter 5) to recorded deliveries from 1982 onwards, 

as data on important confounding factors (smoking and BMI) were poorly recorded 

before 1982. We additionally restricted the analyses in Chapter 5 to singleton babies. In 

Chapter 6, matching was used to adjust for baseline covariates among women with 

chronic hypertension (treated versus untreated). In Chapter 7, we restricted the analyses 

to women without a history of pre-pregnancy diabetes, CKD or unspecified hypertension 

during pregnancy. 

Additionally, confounding can be handled in the analysis phase by adjustment or 

stratification (140). Stratification involves evaluating the associations between the 

exposure and the outcome within each stratum of the confounder. For example, results 

may be stratified by maternal age (old versus young). The multivariable analysis is a 

statistical modelling that can handle multiple confounders simultaneously. The 

confounding issue in the current thesis was addressed during the analysis stage by 

performing stratification (Chapters 5, 6 and 7) and adjustment in multivariable models 

(Chapters 5–7). Residual confounding can remain if there are missing data in the 

confounder, the confounder is not sufficiently granular, or is modelled incorrectly. In 

addition, there is a possibility of confounding in observational studies due to unknown 

or unmeasured confounders, which should be considered when interpreting results (139). 

2.6.5 Random error 

Random error is often equated with chance or random variation, and it occurs when the 

measured association is different from the true association in a population. Sources of 

random errors in the epidemiologic study include sampling variation and unexplained 

variation in occurrence measures (139).  

Random error is commonly reduced in an epidemiologic estimate by increasing the size 

of the study and minimising measurement errors (139). Statistical methods can also be 

used to avoid reporting estimated associations that may be occurring due to chance alone. 

Confidence intervals (CI) reflect the amount of random error that is present in the sample 

and contain a range of possible values of the point estimate, with a specified level of 
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confidence. In epidemiological studies, the estimates are commonly reported with 95% 

CI. This implies that if samples of the same size were repeatedly drawn from the 

population and their 95% CI constructed, 95% of the CI would be expected to include 

the true population estimate (149), assuming there was no systematic error (bias or 

confounding). Hence, if the 95% CI does not include a null value, it is considered to be 

"statistically significant", and the association is unlikely to have occurred by chance 

alone. In all analyses that conducted as a part of this thesis, the effect estimates were 

reported with 95% CI. 

2.7 Missing data 

Missing data are a pervasive challenge in epidemiologic research, and the impact of 

missing data on inference can vary greatly based on the type and magnitude of missing 

data (150). This problem can be found even in a well-designed study. Missing data is 

defined as the data value that is not stored for a variable in the observation of interest 

(151). If the characteristics of subjects with missing data differ from those with complete 

data, this may introduce a serious type of bias, leading potentially to reduced statistical 

power, inaccurate effect estimates, and invalid conclusions (151). 

 

2.7.1 Type of missing data 

Missing data can be categorised as missing completely at random (MCAR), missing at 

random (MAR), or missing not at random (MNAR). Data are MCAR when the 

probability of having a variable with missing data does not depend on any observed or 

missing variables. For instance, a blood sample might be damaged in the lab; although 

this might be not completely random, the missing data is not related to the subject of the 

missing data. This is considered an unrealistic assumption in typical epidemiologic 

studies (150). Instead, MAR—the probability that an observation is missing depends on 

the set of observed responses of observed variables for this subject— is generally a more 

realistic assumption in epidemiologic studies (150, 151). In MAR, the reason for 

missingness depends on other observed characteristics of the subject, e.g., a registry 

examining BMI may encounter MAR data if female participants were less likely to 

complete a survey about their weight than male participants. Data are MNAR if the 

missingness pattern depends on the values of unobserved variables (150), i.e. the missing 

value of the variable is related to the reason it is missing. For example, a registry 

examining depression may encounter data that are MNAR if participants with severe 
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depression are more likely to refuse to complete the survey about depression severity 

(152). 

2.7.2 Sources of missing data 

2.7.2.1 Sources of missing data in the Swedish national registers  

Data on disease diagnoses may be incomplete in the Swedish MBR. Since 1982, 

information on pre-existing conditions, such as chronic hypertension and CKD, has been 

collected by midwives using a check-box method at the first antenatal visit (97). 

However, this method has been reported to be inaccurate as it may lead to 

underestimating the true proportion of disease among the pregnant population (97). 

Thus, we chose to additionally obtain data on exposures (chronic hypertension and CKD) 

and other comorbidities from the NPR, which was established in 1964 and achieved 

national coverage since 1987 (104). 

Data on smoking and maternal weight were first collected from 1982 onwards (97), and 

because we aimed to examine the role of BMI on the associations between maternal 

chronic diseases and adverse pregnancy outcomes, we restricted our cohort to women 

with first recorded deliveries from 1982 onwards. Approximately 4–9% of data were 

missing on smoking status during early pregnancy between 1982–2003, with some 

available data on maternal smoking at 30–32 weeks of pregnancy (97). In this thesis, 

smoking status was included as smoking at any stage of pregnancy, and those with 

missing data represent pregnant women with no record of smoking status at any stage of 

pregnancy. 

Overall, data from the Swedish MBR contains missing values on smoking status 

(174,685, 6.3%) and BMI (634,633, 22.8%). For the years 1990–1991, no data were 

available for weight at first antenatal-care visit (1), accounting for approximately a third 

of the total missing values for BMI (215 495, 33.9%). When excluding births in 1990 

and 1991, the missing data on BMI were 419,138 (16.3%). Data missing in a given year 

can be considered MAR. The missing smoking and remaining missing BMI can be 

assumed to be MAR because there is no significant differences in the frequency or 

distribution of the exposures and outcomes in women for whom data were available or 

missing. For example, the prevalence of chronic hypertension was 0.54% among women 

who had complete data; 0.36% among women who were missing smoking; and 0.45% 
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among women who were missing BMI [and 0.45% for births in years other than 1990-

91]. 

2.7.2.2 Sources of missing data in CALIBER platform  

Missingness is a common issue with EHRs based research. In this thesis, data from the 

UK EHRs, namely, CPRD and HES, contain missing data for ethnicity (75,485, 4.0%), 

smoking status (1,357,646, 71.7%), BMI (1,251,554, 66.1%), and parity (338,610, 

17.9%). There was less (but still substantial) missingness on smoking status and BMI in 

women who had chronic hypertension 51.3% and 37.8%, respectively. The missingness 

was noticeably lower among the treated women with chronic hypertension, with a 

proportion of 31% for smoking and 21% for BMI. 

Recording of BMI and smoking status are unlikely to be independent of the value of 

variables themselves, suggesting that data are more likely to be MNAR. For example, 

the record of weight and BMI from the CPRD and the UK EHRs varied based on 

patients’ characteristics, and it was more likely to be recorded in females with higher 

BMI, older age, and with comorbidities (117, 153). It was also reported that former 

smoking is under-reported in CPRD compared with UK national survey data (154), 

suggesting that those with unknown smoking status may be more likely to be former 

smokers. The pattern of missing data in our cohort emphasises that data on lifestyle 

factors, such as smoking and BMI, were more likely to be recorded among women with 

older age and comorbidities. 

Data on ethnicity from CPRD has been shown to be valid for 90%, whereas this was 

77% for HES records (155). Therefore, in the current thesis, we used data from CPRD 

on ethnicity, supplemented with HES data where missing from CPRD and available in 

HES records. As a result, ethnicity was available for 96%. 
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2.7.2.2.1 The amount of missing data in the CALIBER compared to other UK studies 

The amount of missing data in our studies is similar to what was reported in a recent 

CALIBER study of pregnant women, which used a similar approach to assess smoking 

status and BMI. The authors reported a substantial level of missingness in the UK EHRs 

of maternal BMI (71%) and smoking (~61%) (80). These findings confirm that many 

variables, such as lifestyle factors, are recorded mainly for their clinical relevance in 

primary and secondary care databases. For example, women with comorbidities (i.e., 

chronic hypertension) are more likely to have health indicators recorded compared to the 

rest of the general obstetric population. 

 

In this thesis, we used the most recent records of smoking and BMI (≤2 years of 

pregnancy start date) from the UK EHRs. The available literature demonstrated that the 

completeness of BMI in CPRD increased over calendar time from 37% in 1990–1994 to 

77% in 2005–2011 (117). It was also reported that the most recent BMIs (recorded ≤3 

years) reflected a closer estimate to HES records, but restriction to patients with a recent 

BMI record resulted in excluding a large proportion (between 33% and 47% across 

years) of patients (117). The proportion of missingness in our dataset is also in line with 

a summary of QRESEARCH database (UK primary care database containing health 

records from approximately 4 million patients registered with over 530 EMIS practices), 

which reported that 58% of registered patients aged 16+ had BMI records in the past 5 

years in 2007 (156). 

2.7.3 Handling missing data 

There are several approaches to handle missing data; each has strengths and limitations. 

The appropriateness of a missing data handling method is contextual and depends on the 

missing data mechanism (157) (see Figure 2.3 below). For example, under the MAR 

assumption, complete-case analysis is an appropriate option if the proportion of 

missingness is small. This includes ignoring missing observations, where analysis is 

restricted to records with complete data for the analysis model, also known as listwise 

deletion. Evidence from a recent systematic review of pharmacoepidemiologic studies 

that used ≥2 distinct databases reported that a complete-case analysis (68%) was the most 

used method to handle missing data (158). 
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Figure 2.3 Decision process governing the choice between missing data imputation and listwise 

deletion (Source: Cheema, 2014 (157)) 

In medical literature, the missing-indicator method is one of the most used approaches 

to handle missing data, where researchers use a dummy variable in the statistical model 

to indicate whether the value for that variable is missing, and all missing values are set 

to the same value (159). Hence, all observations can be included in the analysis, reducing 

the loss of statistical power (159). A similar approach to this is the “missingness as 

category”, in which researchers use an extra category to handle missing data. Despite 

biases that may be observed in some of the regression coefficients using this method, it 

can improve the ability of a model to predict outcomes (160). 

Missing data can also be managed using imputation-based methods. These methods 

involve replacing missing values with new values (using their imputed counterparts), 

which has become increasingly popular (157, 161). There are different types of 

imputation, such as mean imputation, regression imputation, single random imputation, 

and multiple imputation. Moreover, multiple imputation may not always provide a 

preferable method of handling missing data (157), and it may not be a straightforward 

approach, particularly in CALIBER data (with missingness from the EHRs) because the 

patterns of missingness are complex (111). In addition, data on smoking and BMI are 

unlikely to be MAR, i.e., the assumption required for multiple imputation to be valid. 

When data are MCAR, it is possible to use a statistical test to identify whether the 

mechanism underlying missing data was MCAR using Little’s test (162). However, it is 
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more challenging to make an assumption and handle data that are MNAR. This could be 

because the pattern of missing data in longitudinal studies might be complex and depend 

on other variables. Available literature suggested using complete-case analysis if 

missingness is MNAR when the probability of a variable record being missing is 

independent of the outcome (163).  

 

In this thesis, where a variable had missing data, the data were added as a separate 

category in categorical variables in the regression models to handle missing data on BMI, 

smoking status, ethnicity and parity. The main advantage of this method is that all cases 

are included in the analyses, which is important in this thesis considering the large 

amount of missingness on these two variables. Moreover, given the high proportion of 

missing data on smoking and BMI in the UK cohort, we conducted a sensitivity analysis 

using the Swedish cohort to quantify the effect of BMI and smoking on the associations 

between chronic hypertension and adverse pregnancy outcomes. Given the large sample 

size and the small proportion of missing data on these particular variables [smoking (6 

%) and BMI (~23%)] in the Swedish register, exploring the impact of these variables on 

the effect estimates were appropriate. Additionally, we performed a complete-case 

analysis (listwise deletion), excluding those with missingness on BMI and smoking, to 

better assessed their impacts on the effect estimates. The results of the sensitivity 

analyses are shown in Chapter 8. 

2.8 Statistical modelling 

2.8.1 Meta-analysis 

Meta-analysis is the statistical combination of effect estimates from two or more separate 

studies that assessed the same associations, and it is widely used in medical research 

(164, 165). Meta-analysis involves a two-stage process. In the first stage, a summary 

statistic is extracted or calculated for each study (effect estimate to describe the observed 

association). This summary statistic may be a risk ratio (RR), odds ratio (OR), prevalence 

ratio (PR), or hazard ratio (HR), if the outcome data are dichotomous and analysed on 

the multiplicative scale. In the second stage, a pooled effect estimate is calculated as a 

weighted average of the exposure/intervention effects in the individual studies (164). 

Fixed-effects and random-effects models are the most commonly used statistical models 

for meta-analysis. The fixed-effects model assumes that all studies included in a meta-
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analysis are estimating a single true underlying effect, and it is the appropriate statistical 

model for meta-analysis when the number of studies is small (166). By contrast, the 

random-effects model is appropriate to use when it cannot be assumed that true 

homogeneity exists, and it is the appropriate model when the number of studies is large 

(i.e., to support generalization inferences beyond the included studies) (166). Therefore, 

in this thesis, random-effects models were used, which allows for variation in effect size 

across the included studies. 

2.8.1.1 Random-effects model for meta-analysis 

In Chapters 3 and 4, the random-effects method was used to calculate pooled effect 

estimates of the impact of chronic hypertension, antihypertensive treatment (Chapter 3) 

and CKD (Chapter 4) on adverse pregnancy outcomes. In particular, we used 

DerSimonian and Laird method with the inverse-variance approach for random-effects 

meta-analysis (167). The inverse-variance approach applies an adjustment to the study 

weights according to the extent of variation among the varying intervention effects (164, 

168). The inverse-variance method is so-called because the weight given to each study 

is the inverse of the variance of the effect estimate, where larger studies (with small 

standard errors [SEs]) are generally given more weight than smaller studies (large SEs) 

(164, 169). The choice of weight in this approach minimises the imprecision (variability) 

of the pooled effect estimate (168). The weight used is presented in formula [1]. Then 

the weighted average is combined to provide a pooled estimate of the exposure effect 

from individual studies using formula [2]; both equations are shown below (168, 169). 

 

𝑾𝖎 =
𝟏

(𝐒𝐄{𝛉})𝟐
                                                                                                                          [𝟏] 

 𝛉𝑰𝑽 =
𝒔𝒖𝒎 𝒐𝒇(𝐰𝐞𝐢𝐠𝐡𝐭 ×  𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆 ) 

𝒔𝒖𝒎 𝒐𝒇 𝒘𝒆𝒊𝒈𝒉𝒕𝒔
=  

∑  𝑾𝖎 𝛉𝖎  

∑ 𝑾𝖎
                                                   [𝟐] 
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Where 𝑊𝔦 is the weight given to the 𝔦 study, SE is the standard error of estimate, and θ 

is the log of the measurement of association. The SE of the pooled log(OR) in inverse-

variance method (θ𝐼𝑉) is calculated as follow (168, 169): 

 𝑺𝑬(𝛉𝑰𝑽) =  
𝟏

√∑ 𝑾𝖎

                                                                                                               [𝟑] 

The meta-analyses (in Chapters 3 and 4) included studies with different populations in 

different settings and at different time frames. Thus, the true effect of the exposure on 

adverse pregnancy outcomes might vary from study to study (170). Therefore, the 

random-effects models were selected, which accounts for both random variability and 

the variability in effect estimates among the included studies (164, 167). The effect 

estimates (RR or OR) of the included studies and their SEs (calculated from the 95% CI) 

were meta-analysed on the log OR scale. Then combined results of effect estimates were 

presented as a pooled OR with 95% CI. 

2.8.2 Risk difference 

The risk differences were calculated in Chapter 4 for the associations between CKD and 

adverse pregnancy outcomes. We used GRADEpro to estimate the risk difference, where 

the event risk in the unexposed group, the pooled RR and 95% CI are used to generate 

the absolute risk (171). As we calculated the pooled ORs in Chapter 4, two steps are 

needed to estimate the risk difference. First, the OR is converted into RR (using formula 

[4]), the corresponding risk is then calculated from RR (using formula [5]) (172). Both 

equations are shown below. 

 

𝑹𝑹 =
𝑶𝑹

𝟏 − 𝑪𝑬𝑹 × (𝟏— 𝐎𝐑)  
                                                                                          [𝟒] 

 

𝑹𝑫 (𝒑𝒆𝒓 𝟏𝟎𝟎𝟎 𝒑𝒆𝒐𝒑𝒍𝒆) = 𝟏𝟎𝟎𝟎 ×  𝑪𝑬𝑹 ×  |𝟏 —  𝑹𝑹|                                           [𝟓]                                  
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Where RR is the risk ratio, OR is the odds ratio, and CER is the number of people with 

events in the unexposed group. 

2.8.3 Binary logistic regression 

Binary logistic regression is a commonly used statistical model in epidemiology that 

examines the association between an exposure and an outcome when the outcome of 

interest is dichotomous (e.g., alive/dead, healthy/sick). The regression model is used to 

determine the OR of an association between one binary outcome variable (dependent 

variable) and one or more predictors (exposures/independent variables). The outcome in 

this model is often coded as '0' or '1', where '1' indicates that the outcome is present, and 

'0' indicates that the outcome of interest is absent. Multivariable logistic regression 

models are widely used to investigate the associations between the exposures and 

outcomes while adjusting for potential confounding factors. The multivariable logistic 

regression can be modelled using the following equations:  

 

𝑷 =
𝐞𝐱𝐩( 𝜷𝟎 +  𝜷𝟏𝝌𝟏 +  𝜷𝟐𝝌𝟐 + ⋯ +  𝜷𝝆𝝌𝝆)

𝟏 +  𝐞𝐱𝐩(𝜷𝟎 +  𝜷𝟏𝝌𝟏 +  𝜷𝟐𝝌𝟐 + ⋯ +  𝜷𝝆𝝌𝝆)
                                                      [𝟔] 

   

Where 𝑃 is the expected probability of the outcome, X1 through Xp are a set of predictors 

(independent variables), and β0 through βp are the regression coefficients [6]. 

 

The multivariable logistic regression model can also be written differently using a logit 

equation: 

𝒍𝒐𝒈𝒊𝒕(𝑷) = 𝐥𝐧 (
𝐏

𝟏 − 𝐏
) =  𝜷𝟎 + 𝜷𝟏𝝌𝟏 +  𝜷𝟐𝝌𝟐 + ⋯ +  𝜷𝝆𝝌𝝆                                [𝟕] 

 

Where the outcome is the log of the odds (i.e., the probability of the outcome is 

happening (P) to probabilities of the outcome not happening (1 - P). The coefficients 

derived from the model (e.g., β1) indicate the change in the expected log-odds relative to 

a one unit change in X1, holding all other predictors constant (173).  
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In Chapters 5 and 6, binary logistic regression was used to assess the associations 

between maternal chronic disease (chronic hypertension, CKD or both conditions) and 

adverse pregnancy outcomes; and evaluate the effect of antihypertensive treatment and 

hypertension control on these associations. As the outcome of interest includes only two 

possible categories (present/absent), binary logistic regression was considered as an 

appropriate method of statistical analysis. 

2.8.3.1 Logistic regression with Propensity Score Matching  

In CALIBER study (Chapter 6), we further used logistic regression with propensity score 

matching to examine the effect of antihypertensive treatment on the risk of adverse 

pregnancy outcomes in women with chronic hypertension. Propensity score, also known 

as conditional probability of treatment analysis, is one of the most commonly used 

parametric methods for causal inference (174). In which the probability of receiving 

treatment is conditional on observed baseline covariates (P [Zi = 1 | Xi ]) (175, 176). In 

other words, it is a balancing score of the distribution of measured baseline covariates 

(Xi) to ensure they are similar between the treated/exposed and untreated/unexposed 

subjects (175). Thus, in a set of subjects with the same propensity score, the distribution 

of observed baseline covariates will be similar between the treated/exposed and 

untreated/unexposed. In observational studies, propensity score matching is used to 

reduce confounding of treatment effect estimates by matching treated/exposed and 

untreated/unexposed groups to be as similar as possible on the observed background 

characteristics (176). 

In RCTs, the random allocation of treatment ensures that treatment status will not be 

influenced by either measured or unmeasured baseline characteristics. In ideal RCT (no 

loss to follow up, full adherence to exposure, blind assignment) (177), half of the 

individuals are assigned to treatment [Zi=1], in which the propensity score is [P (Xi=0.5)] 

for all individuals (174). Therefore, the effect of treatment on outcomes can be estimated 

by comparing outcomes directly between treated and untreated subjects. 

On the other hand, in observational studies, some individuals may be more likely to 

receive treatment than others, as treatment allocation is beyond the control of the 

investigators. Thus, the true propensity score [P (Xi)] is unknown and therefore needs to 

be estimated from the data (174). Firstly, investigators estimated the propensity scores, 

and then these scores are used to estimate causal effects using one of the following 
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methods: stratification, standardisation, and matching (174). Three main points are 

required for an association to be considered as causation: exchangeability, positivity, and 

consistency. Exchangeability assumes that treated/exposed and untreated/unexposed 

groups would have a similar distribution of outcomes, e.g. the treated and the untreated 

groups would have experienced the same risk of death if they had received the same 

treatment level (174, 177). Positivity in propensity score analysis implies that no 

individual has a propensity score equal to either 1 or 0 within levels of the covariates 

(174). The association measures in the matched population are consistent estimates 

(consistency) of effect measures, e.g., the associational RR in the matched population 

consistently estimates the causal RR in the matched population (174). 

In the absence of randomisation (i.e. in observational studies), there is no guarantee that 

conditional exchangeability is true, and investigators cannot check their assumption of 

conditional exchangeability (177). However, conditional exchangeability is the weakest 

condition required for causal inference from observational data (177). It was proved that 

exchangeability and positivity based on the variables (Xi) imply exchangeability and 

positivity based on a balancing score (174). It should be noted that propensity score 

balances only the measured covariates, which does not prevent residual confounding by 

known unmeasured factors and unknown factors. The propensity score matching method 

allows researchers to design and analyse an observational study to mimic some of the 

particular characteristics of RCT (175). Moreover, it is used in observational studies to 

reduce confounding of treatment effect estimates by matching treatment and comparison 

groups to be as similar as possible on the measured background characteristics (176).  

The method of propensity score matching analysis used in this thesis is explained in 

more detail under the statistical analysis in Chapter 6 and Appendix 6. In brief, 

propensity scores of being treated were estimated using logit model, with the following 

covariates: age, ethnicity, smoking, BMI, pre-pregnancy diabetes, parity and IMD. Then 

treatment and comparison subjects were matched using 1:1 nearest-neighbour (178). 

Next, the overlap and balance of propensity score distributions were assessed across 

treatment and comparison groups. Finally, the balance of covariates (included in the 

propensity score estimation model) was assessed after matching, with values < 0.1 of 

standardised differences indicating good balance and a negligible difference between 

both groups for the covariates (179). 
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2.8.4 Cox proportional-hazards regression  

Cox regression for survival analysis is a method that measures associations in 

longitudinal data, examining the time (survival time) it takes for events to occur. This 

method is widely used in regression modelling of survival data. It estimates the hazard 

(h) or instantaneous risk of the outcome at any given follow-up time (t) given their 

prognostic variables. This is modelled using the following equation:  

𝒉(𝒕) = 𝒉𝟎(𝒕) 𝒆𝒙𝒑 (𝜷𝟏𝝌𝟏 +  𝜷𝟐𝝌𝟐 + ⋯ +  𝜷𝝆𝝌𝝆)                                                         [𝟖] 

Where h(t) is the expected hazard at time t, h0(t) is the baseline hazard (represents the 

hazard when all predictors [X1 through Xp] are equal to zero). The Cox regression model 

is used to estimate the HR, which is the ratio of the two expected hazards (180), and it is 

proportional over time. HR can be interpreted in the same way as a relative risk, where 

values of HRs<1 indicates lower risk in the exposed compared to the unexposed group, 

and if the HR is >1, then this suggests a greater hazard (risk) among the exposed group 

compared to the unexposed group. Multivariable Cox regression models are commonly 

used to investigate the associations between the exposure and outcome of interest while 

adjusting for potential confounding factors. This method was used in Chapter 7 to 

estimate the adjusted HRs. 

There are three main assumptions that should be checked when using Cox regression 

models. Firstly, the proportional-hazards assumption, where the ratio of hazards in the 

exposed compared to the unexposed group remains constant over time. This can be 

assessed using several methods, including graphical methods (where plotted curves 

should be parallel) or test based on Schoenfeld residuals (180). Secondly, independence 

of survival times between distinct individuals in the cohort. Thirdly, censoring should 

be 'noninformative'; in other words, the reason individuals are being censored should be 

not related to the exposure or outcome of interest. Informative censoring may occur when 

patients withdraw from a study because of drug toxicity or worsening clinical condition 

(181). 

In Chapter 7 of this thesis, Cox regression was used to evaluate the association between 

chronic hypertension in pregnancy and the risk of future CVD, considering whether 

adverse pregnancy outcomes contribute to accelerating the risk of cardiovascular events. 

In this model, participants were followed-up from the first recoded delivery until they 
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developed an outcome of interest (i.e., CVD) or until they were censored. Possible 

reasons for censoring may include death (due to other causes rather than CVD), the study 

period ends (where participants may not have experienced the event by the end of the 

study), or loss to follow-up. 

Following this, each woman’s entry date in the study was the date of her first recorded 

birth. Participants were followed up from the date of entry until the/ date of CVD 

diagnosis, death, or study end date (31 December 2016), whichever was earliest. 

Hypertension and other covariates were presented as time-varying variables, except for 

maternal ethnicity, multiple deprivation, and family history of CVD were time-fixed 

variables. In addition, the assumptions for the proportionality was assessed using 

graphical methods, “log–log” plots. 

More details about each statistical method used in the current thesis are outlined in 

Chapters 3‒7 under the statistical section. 
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3.1 Abstract 

Background: Maternal chronic hypertension is associated with adverse pregnancy 

outcomes. Previous studies examined the association between either chronic 

hypertension or antihypertensive treatment and adverse pregnancy outcomes. We aimed 

to synthesize the evidence on the effect of chronic hypertension/antihypertensive 

treatment on a wide range of adverse pregnancy outcomes. 

Methods and Results: Medline/PubMed, EMBASE, and Web of Science were 

searched; we included observational studies and assessed the effect of ethnicity, where 

possible, following a registered protocol (CRD42019120088). Random-effects meta-

analyses were used. A total of 81 studies were identified on chronic hypertension, and a 

total of 16 studies were identified on antihypertensive treatment. Chronic hypertension 

was associated with higher odds of pre-eclampsia [adjusted odds ratio (aOR): 5.43 (95% 

confidence interval (CI), 3.85–7.65)]; Caesarean section [aOR: 1.87, (95% CI, 1.61–

2.16)]; maternal mortality [aOR: 4.80, (3.04–7.58)]; preterm birth [aOR: 2.23, (95% CI, 

1.96–2.53)]; stillbirth [aOR: 2.32, (2.22–2.42)]; and small for gestational age (SGA), 

[aOR: 1.96, (95% CI, 1.61–2.40)]. Subgroup analyses indicated that maternal ethnicity 

does not influence the observed associations. Women with chronic hypertension on 

antihypertensive treatment (versus untreated) had higher odds of SGA [aOR: 1.86, (95% 

CI, 1.38–2.50)]. 

Conclusions: chronic hypertension is associated with adverse pregnancy outcomes and 

these associations appear to be independent of maternal ethnicity. In women with chronic 

hypertension, those on treatment had a higher risk of SGA, although the number of 

studies was limited. This could result from a direct effect of the treatment or because 

severe hypertension during pregnancy is a risk factor for SGA and women with severe 

hypertension are more likely to be treated. The effect of antihypertensive treatment on 

SGA needs to be further tested with large randomized controlled trials.  
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3.2 Introduction 

Chronic hypertension refers to high blood pressure predating pregnancy or recognized 

before 20 weeks’ gestation (9), and is estimated to affect 1-5% of pregnancies (13, 182-

184). The prevalence of chronic hypertension in pregnancy increases with increasing 

maternal age, obesity, diabetes and medical co-morbidities in pregnancy (16, 17, 20, 21, 

185), and has nearly doubled in the USA from 1990 to 2009, especially among Black 

women (13, 186). 

Chronic hypertension has previously been associated with an increased risk of adverse 

pregnancy outcomes. A systematic review and meta-analysis that included 55 studies 

reported an increase in the pooled incidence of adverse pregnancy outcomes among 

women with chronic hypertension (42). However, this review did not make a direct 

comparison between hypertensive and normotensive women from available literature; 

instead, the pooled incidences of adverse pregnancy outcomes among women with 

chronic hypertension were compared to the US general population. This review also did 

not examine the role of antihypertensive treatment or ethnic origin. 

Minimizing episodes of severe hypertension during pregnancy is critical to reduce the 

risk of associated maternal complications, including stroke (187). Whether certain 

antihypertensive agents may reduce the risk of adverse pregnancy outcomes in addition 

to controlling maternal hypertension is unclear (39). A small number of antihypertensive 

agents are used to treat hypertension in pregnancy and in the postpartum period. Others 

are contra-indicated due to potential teratogenicity (184, 188). First-line agents for the 

treatment of hypertension in pregnancy include labetalol, methyldopa, or nifedipine, but 

there is limited evidence to suggest whether any agent performs better in reducing the 

occurrence of adverse pregnancy outcomes (184, 188, 189). 

Previous reviews investigated either the effect of chronic hypertension or 

antihypertensive treatment, whereas we synthesized the evidence of both on longer list 

of adverse pregnancy outcomes in finer details, e.g. we looked at subtypes of preterm 

birth (spontaneous, indicated or not-specified). Also, as part of this review, we aimed to 

summarize the gaps and limitations in previous literature. Therefore, we conducted this 

systematic review and meta-analysis of observational studies to estimate the effect of 

chronic hypertension/antihypertensive treatment on maternal, fetal, and neonatal 

outcomes taking into account, where possible, whether maternal ethnicity or type of 

antihypertensive agent modified these associations. 
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3.3 Methods 

3.3.1 Registration and reporting 

The protocol for this review was registered on The International Prospective Register of 

Systematic Reviews (identifier: CRD42019120088) (93). We followed the Preferred 

Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines for all 

procedures and reporting (190).  

3.3.2 Information sources and search strategy 

This systematic review and meta-analysis comprised two separate comprehensive 

searches of the same databases. Electronic search was conducted through PubMed/ 

Medline, Embase and Web of Science. Additionally, the bibliographies of previous 

systematic reviews and all identified studies were searched for further potentially 

relevant articles. 

 Search 1: Identifying studies on chronic hypertension 

The first search focused mainly on identifying studies assessing the association between 

maternal chronic hypertension and adverse perinatal outcomes. We searched the 

databases from inception through January 2019. We used a combination of subject 

headings and MESH terms, and key words related to (1) pregnant women with chronic 

hypertension (exposed group); (2) normotensive pregnant women (non-exposed group) 

and 3) maternal, fetal, and neonatal complications (outcomes). The search terms we used 

for retrieving relevant papers are shown in Appendix 3. 

Search 2: Identifying studies on antihypertensive treatment 

Similarly, we searched the same databases from inception through May 2019. The search 

strategy captured: (1) pregnant women with chronic hypertension on antihypertensive 

treatment (exposed group); (2) untreated pregnant women (non-exposed group) and (3) 

maternal, fetal, and neonatal complications (outcomes). The search strategy we used are 

shown in Appendix 3. We did not restrict the second search to women with chronic 

hypertension when assessing the effect of antihypertensive treatment because some 

studies of treatment effect used normotensive women as the comparison group, but in 

the analysis, we grouped studies that reported the effect of treatment for chronic 

hypertension separately. 
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3.3.3 Outcome measures 

The maternal outcomes were pre-eclampsia (PE), Caesarean section (CS), post-partum 

haemorrhage (PPH), HELLP syndrome (hemolysis, elevated liver enzyme levels, and 

low platelet levels) and maternal mortality. Fetal and neonatal outcomes were 

miscarriage, stillbirth, preterm birth (PTB) <37 weeks’ gestation, very PTB (VPTB) <34 

weeks’ gestation, small for gestational age (SGA), low birthweight (LBW), neonatal 

intensive care unit (NICU) admission, neonatal death and perinatal death. 

3.3.4 Selection process and eligibility criteria 

Two investigators (S.A and P.B) independently screened titles and abstracts, excluding 

studies that clearly did not meet the predefined criteria. Then the full texts of potentially 

eligible studies were obtained. We included cohort and case-control studies and excluded 

randomized control trials (RCTs), case reports, case series, editorials, reviews, 

conference abstracts, book chapters and animal/in vitro studies. When two or more 

studies included the same cohort, we included the one with the largest population. We 

excluded studies that by design enrolled women with chronic hypertension and 

additional comorbidities and studies with participant numbers <25 pregnant women with 

chronic hypertension. 

3.3.5 Data collection process and quality assessment 

An electronic standardized data extraction form was developed and pilot-tested on seven 

studies before beginning data extraction. One investigator (S.A) extracted the data for 

all included studies, and two investigators (F.MC and D.L) extracted the data 

independently for more than 50% of the included studies, selected randomly, to ensure 

the validity of extracted data. We extracted data on year of publication, country, setting, 

sample size and eligibility criteria, source of data, exposures and outcomes definitions, 

reported effect measures (if not reported, we use raw data to calculate odds ratios [ORs]), 

statistical tests or models, and confounder adjusted for, if any. We used the Newcastle-

Ottawa Scale (NOS) to assess the study quality, as recommended by recent guidelines to 

evaluate the quality of cohort and case-control studies (191). The NOS uses a “star 

system”, in which stars are assigned to show higher quality based on three criteria: 

selection of the study groups; comparability of the groups; and the ascertainment of the 

exposure and/or outcome of interest (the total score ranged from 0 to 9 where 0 is the 

lowest). The quality assessments were performed independently by two investigators 
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(S.A) and (L.P). In addition, a third investigator (A.S.K) resolved any inconsistencies 

between the two investigators about included articles, data extraction, and quality 

assessment (more details about the methods are available in Appendix 3. 

3.3.6 Statistical analysis 

First, we assessed the effect of chronic hypertension, compared to normotensive women 

(reference group), on the previously mentioned adverse maternal, fetal, and neonatal 

outcomes. 

Then, we conducted separate meta-analyses that included studies that stratified the 

associations by maternal ethnicity to assess effect modification. The subgroup meta-

analysis calculates the effects within each subgroup level and then compares the pooled 

effect estimates for each subgroup. The P value from the Cochran’s Q test, test for 

interaction, was used to determine whether the magnitude of the effect of chronic 

hypertension differs according to maternal ethnicity. Sensitivity analyses were 

performed by study design (case-control/ cohort), study location (North 

America/Europe/Australia/and other) and decade of publication (1990-1999/ 2000-

2009/and 2010-2019). 

Second, we assessed the effect of antihypertensive treatment on the same outcomes. The 

comparative groups in these analyses were divided into two categories: (1) untreated 

normotensive women; and (2) untreated women with chronic hypertension. Sensitivity 

analyses were performed to assess the effect of different types of antihypertensive 

agents, including women who were exposed to beta-blockers only versus untreated 

women; women exposed to centrally acting anti-adrenergic agent only versus untreated 

women. 

In these meta-analyses, we included studies with different populations in different 

countries and at different time frames; thus, the true impact of chronic 

hypertension/antihypertensive treatment on adverse pregnancy outcomes might differ 

from study to study. Therefore, random-effects models were selected, which accounts 

for both random variability and the variability in effects among the studies, to account 

for any remaining heterogeneity in the estimates across studies (170). The study 

estimates, both crude and adjusted OR (aOR), and their standard errors (calculated from 

confidence intervals [CI]) were meta-analyzed on the log OR scale. The weight given to 

each study is the inverse of the variance of the effect estimate, where larger studies are 
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given more weight than smaller studies (167, 192). Combined results were presented as 

a pooled OR with 95% CI; and for adjusted estimates, we followed the authors’ 

definitions of adjustment. 

Heterogeneity among studies was measured using the I2 statistic and categorized as either 

low (I2<25%), medium (I2=25%-50%) or high (I2>50%), while publication bias was 

assessed using Begg’s funnel plot and Egger’s test when there were 10 studies or more 

in a meta-analysis (193, 194). A statistically significant P value was based on a threshold 

of <0.05. Data were analyzed using Review Manager Software (version 5.3) (195) and 

Stata/MP software (version 16) for Egger’s test. 

3.4 Results 

3.4.1 Search results and study characteristics 

This systematic review and meta-analysis summarized information from 94 studies. The 

selection process for the first (chronic hypertension) and second (antihypertensive 

treatment) reviews are illustrated in Figures 3.1 & 3.2. For chronic hypertension, the 

initial search identified 9,739 studies, of which 81 articles were included (12-15, 43-47, 

51, 196-266). For antihypertensive treatment, 8,629 citations were identified initially, 

and a total of 16 articles were included (46-54, 59, 60, 267-271). Three studies reported 

data on both exposures (chronic hypertension and antihypertensive treatment) (46, 47, 

51). Of the 94 studies, eighty were cohort, and 14 were case-control studies. 

Among studies that reported antihypertensive treatment as an exposure, six out of 16 

studies examined the effect of treatment among women with chronic hypertension 

compared with untreated normotensive women (46-50, 271). Eight studies compared the 

outcomes in women with chronic hypertension (treated versus untreated) (51-54, 59, 

267-269), whereas the remaining two studies compared the effect of different 

antihypertensive agents among women with chronic hypertension (60, 270). 

Details about individual studies, including exposures and outcomes definitions, are 

presented in Appendix 3 (Tables S3.1 through S3.27 and Figures S3.1 through S3.26). 

Moreover, the definitions for outcomes varied across the included studies. For example, 

19 studies defined SGA as birthweight <10th percentile for gestational age; five studies 

as birthweight<5th percentile for gestational age; three studies did not report the 
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definitions used; and another three studies used the International Classification of 

Diseases, Ninth Revision (ICD-9), codes (Appendix 3, Table S3.9).  

3.4.2 Level of agreement, publication bias and quality assessment 

The level of agreement was high (>80%) between investigators in the selection process, 

data extraction and quality assessment. For publication bias, the results indicated that 

bias may not be a substantial problem as funnel plots [for PE (Figure S3.1b); CS (Figure 

S3.3c); PTB (Figure S3.6c); stillbirth (Figure S3.8c); SGA (Figure S3.9b); and LBW 

(Figure S3.10b) in Appendix 3] show approximately symmetric distributions, and the 

results of Egger test were non-significant (P values= 0.65; 0.92; 0.14; 0.47; 0.29 and 

0.09, respectively), suggesting that the published literature does not have publication 

bias. The total scores for studies’ quality of Newcastle-Ottawa grading ranged from 4 to 

9, with poorer quality among studies examining the effect of antihypertensive treatment. 

3.4.3 Results of Meta-analysis 

The impact of maternal chronic hypertension compared with normotensive 

women 

The prevalence of chronic hypertension among cohort participants ranged from 0.3% 

(12) to 4.3% (15) across studies. Maternal chronic hypertension was associated with 

higher adjusted odds of PE [aOR: 5.43, (95% CI, 3.85–7.65)]; HELLP syndrome [aOR: 

3.08, (95% CI, 1.79–5.30)]; CS [aOR: 1.87, (95% CI, 1.61–2.16]; PPH [aOR: 1.46, (95% 

CI, 1.17–1.81)], maternal mortality [aOR: 4.80, (95% CI, 3.04–7.58)], VPTB [aOR: 

1.92, (95% CI, 1.09–3.38)]; and PTB [aOR: 2.23, (95% CI, 1.96–2.53)] (Table 3.1 & 

Figure 3.3). We further divided the PTB into unspecified, spontaneous, and medically 

indicated; both crude and adjusted analyses showed four times greater odds of medically 

indicated PTB [aOR: 4.67, (95% CI, 3.55–6.14)]. Conversely, we found no statistically 

significant association between chronic hypertension and spontaneous PTB [aOR: 1.44, 

(95% CI, 0.74–2.80)] (Appendix 3, Figures S3.8a & S3.8b). We additionally excluded 

studies with multiple pregnancies and that did not affect the results for PTB and VPTB. 

We found higher odds of SGA [aOR: 1.96, (95% CI, 1.61–2.40)] and LBW [aOR: 3.05 

(95% CI, 2.24, 4.15)] among mothers with chronic hypertension (Figure 3.4). Similarly, 

stillbirth [aOR: 2.32, (95% CI, 2.22–2.42)], neonatal death [aOR: 2.29, (2.02–2.59)] and 

perinatal death [aOR: 1.87, (95% CI, 1.33–2.63)] were associated with maternal chronic 

hypertension. One study on miscarriage [aOR: 1.33 (95% CI, 0.90–1.97)] and another 
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on NICU admission [aOR: 1.37, (95% CI, 1.05–1.79)] supported an association with 

chronic hypertension. 

The results of subgroup analyses regarding chronic hypertension and adverse outcomes 

by maternal ethnicity showed that the odds of PTB among Black women with chronic 

hypertension [aOR: 1.84, (95% CI, 1.28–2.65)], and White women with chronic 

hypertension [aOR: 1.64, (95% CI, 1.29–2.07)] were higher when compared with their 

normotensive counterparts. Similar results were found for stillbirth, LBW and SGA 

when assessed by maternal ethnicity (Table 3.1; Appendix 3: Figures S3.15-S3.18). 

Yet, the test for subgroup differences indicated that maternal ethnicity does not 

significantly modify the effect of chronic hypertension for PTB (P=0.59), stillbirth 

(P=0.35), SGA (P=0.13) and LBW (P=0.18). The results of other sensitivity analyses by 

location or by year of publication did not change the results materially, but we found an 

increase in odds of maternal mortality over time among US studies (Appendix 3). Even 

though there was a high level of heterogeneity between studies, almost all estimates from 

forest plots consistently supported associations in the same direction. This suggests that 

the significant heterogeneity was an artefact of relatively large study sizes and small 

variance around the study-specific effect estimates (272) (see Figures 3.3 & 3.4, and 

Appendix 3, Figures S3.1-S3.18). 

The effect of antihypertensive treatment 

Treated women with chronic hypertension versus untreated normotensive women 

The results of the association between antihypertensive treatment and adverse pregnancy 

outcomes are shown in Table 3.2. Pregnant women who were treated with 

antihypertensive agents had higher odds of PE [aOR: 6.57, (95% CI, 1.75–24.7)]; PTB 

[aOR: 2.78, (95% CI, 1.80–4.29)]; SGA [aOR: 2.21, (95% CI, 1.18–4.15)]; LBW [aOR: 

3.45, (95% CI, 2.26–5.26)]; and perinatal death [aOR: 1.80, (95% CI, 1.07–3.01)]. One 

study reported the adjusted estimates for the effect of antihypertensive on miscarriage, 

elective termination of pregnancy and stillbirth, and that showed a non-significant 

association. Heterogeneity was low for stillbirth and perinatal death, but it was moderate 

to high between studies examining the effect of PE, PTB, SGA and LBW. The included 

studies are large with precise estimates reflected in tight CIs, which can inflate 

heterogeneity as overlap between studies’ CIs is limited (167). 
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Treated women with chronic hypertension versus untreated women with chronic 

hypertension 

The data suggested that antihypertensive treatment for women with chronic hypertension 

did not reduce the risk of adverse perinatal outcomes (Table 3.2). There were no 

significant differences in the odds of superimposed pre-eclampsia [aOR: 0.92, (95% CI, 

0.27–3.11)] or other adverse outcomes, with the exception of SGA, where the odds was 

higher for treated women [aOR: 1.86, (95% CI, 1.38–2.50)] compared to untreated 

women. Moreover, there was no strong evidence that the type of antihypertensive 

treatment influenced the results (Table 3.3). For women who were on beta-blockers 

only, an association was observed for PTB, [aOR: 2.74, (95% CI, 1.40–5.36]; two 

studies); and SGA [aOR: 1.84, (95% CI, 1.20–2.82]; three studies), although these 

findings were based on a small number of studies. For women who were on a centrally 

acting anti-adrenergic agent only, increased odds were also observed, but weaker than 

the effect of beta-blockers, for SGA [aOR: 1.62, (95% CI, 1.09–2.42)]. Additionally, one 

study compared the effect of two agents (beta-blockers versus methyldopa) reported an 

increased risk of SGA in women with chronic hypertension on beta-blockers [aOR: 1.95 

(95% CI, 1.213.15)]. Heterogeneity was observed for most outcomes and may be an 

artefact of precision of study estimates (167). However, for PTB estimates varied from 

OR: 0.44, (95% CI, 0.26–0.74) (267) to OR:6.25 (95% CI, 4.37–8.94) (52), which 

warrants caution in the interpretation of the pooled effect (Appendix 3, Figures S3.23b). 

3.5 Discussion 

This comprehensive systematic review and meta-analysis, including 94 studies, 

examining the effects of maternal chronic hypertension and/or antihypertensive 

treatment on a broad range of adverse perinatal outcomes demonstrated a significant 

burden of adverse pregnancy outcomes associated with chronic hypertension. Overall, 

there was higher odds of maternal, fetal and neonatal adverse outcomes in women with 

chronic hypertension, many of which are known to have life-long implications for 

mothers and their babies, such as increased risks of cardiovascular disease (273-275). 

We found no evidence to suggest that the association between chronic hypertension and 

adverse pregnancy outcomes differs across ethnicity. 

Although antihypertensive treatment might have a potential benefit for mothers, such as 

preventing severe hypertension and stroke (26, 55, 56), the comparison with 
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normotensive women demonstrated that antihypertensive treatment did not ameliorate 

the risk of adverse pregnancy outcomes. Moreover, the use of antihypertensive agents 

for the treatment of chronic hypertension did not reduce the occurrence of adverse 

perinatal outcomes compared to untreated hypertensive women. Potential differences 

were observed in the risk of PTB and SGA depending on the agent, whereas women on 

multiple antihypertensive agents, likely a reflection of the severity of their hypertension, 

had increased odds of SGA. These findings warrant further investigation through 

population-based studies and large randomized trials such as the two ongoing trials of 

antihypertensive treatment. One examining the effect of nifedipine vs labetalol (Giant 

PANDA [Pregnancy Antihypertensive Drugs: Which Agent is Best?], NIHR128721), 

whereas the other one is evaluating whether a blood pressure treatment strategy “only 

when blood pressure is severe” during pregnancy is effective and safe (CHAP [Chronic 

Hypertension and Pregnancy], NCT02299414). 

Strengths and limitations  

This review summarized the literature for 14 maternal, fetal, or neonatal outcomes based 

on predefined rigorous strategies. Moreover, unlike previous reviews, which focused 

either on the effect of chronic hypertension or antihypertensive treatment, this meta-

analysis investigated the impact of both exposures with a special consideration to the 

comparative groups (i.e., untreated normotensive women and untreated women with 

chronic hypertension). That enables us to assess if antihypertensive treatment neutralizes 

the risk of adverse pregnancy outcome among treated women compared to normotensive 

untreated women. Additionally, we were able to compare the effect of different agents 

among women with chronic hypertension. 

As we included observational studies only, potential residual confounding is a concern. 

Some studies did not adjust for important confounders such as maternal BMI, smoking, 

other chronic diseases, and maternal ethnicity. However, we conducted sensitivity 

analysis for studies that stratified the associations by maternal ethnicity to better 

understand its effect on the adverse outcomes. Selection bias may have been an issue for 

studies that used data from teratology centres to obtain data about antihypertensive 

treatment (50). We cannot eliminate the possibility of misclassification of women with 

white-coat hypertension as chronic hypertension, which could decrease the magnitude 

of the pooled estimates. Additionally, outcome definitions vary across studies, 
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specifically for superimposed pre-eclampsia, and this heterogeneity might be a limitation 

in previous literature. 

Adherence to treatment is another limitation in the current literature, as included studies 

failed to assess the level of adherence. Most of these studies did not report the severity 

of hypertension nor the gestational age when treatment was initiated. Contamination by 

superimposed pre-eclampsia among women with chronic hypertension is another 

limitation of the literature since these women could potentially lead to an overestimation 

of the effect. However, the data suggest similar incidences of superimposed pre-

eclampsia among treated (25%) and untreated (22%) women with chronic hypertension. 

A previous systematic review that assessed the effect of chronic hypertension on 

pregnancy outcomes concluded that chronic hypertension was associated with a high 

incidence of adverse pregnancy outcomes compared to the US general obstetric 

population (42). Our study reinforces these previous findings by including more studies 

from different settings and analyzing 14 adverse perinatal outcomes between women 

with chronic hypertension and normotensive women. In contrast to the previous review, 

we considered different types of PTB, and we found that women with chronic 

hypertension were approximately five times more likely to deliver preterm due to 

obstetric intervention, which can contribute to the higher risk of NICU admission and 

perinatal death. The risk of PE and HELLP syndrome was higher among women with 

chronic hypertension and may have resulted in higher incidence of medical intervention 

and preterm delivery. 

Previous studies have yielded conflicting results on the modifying effect of maternal 

ethnicity on the association between chronic hypertension and adverse pregnancy 

outcomes. Some reported increased risk of adverse pregnancy outcomes among Black 

women (44, 257), others reported no differences (256, 276), whereas some studies 

reported increased risk among White women (215, 221). Our results suggested that 

maternal ethnicity does not modify the association between chronic hypertension and 

adverse pregnancy outcomes. Though there was a variation in the pooled estimates of 

adverse pregnancy outcomes by maternal ethnicity, the risk of adverse outcomes was 

consistently higher in women with chronic hypertension when compared with their 

normotensive counterparts of the same ethnicity. 
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Although data from RCTs represent the best evidence when examining an intervention 

such as treatment, previous meta-analyses of RCTs investigating the effect of using 

antihypertensive treatment among women with chronic hypertension, compared to no 

treatment, concluded that treatment decreased their risk of developing severe episodes 

of hypertension (26, 55, 56). Yet the effects of antihypertensive treatment on other 

clinically important outcomes such as PE and SGA remain unclear, possibly due to a 

lack of statistical power in existing trials, most of which have been of a small scale and 

with moderate to poor quality as authors of meta-analyses stated (26, 55, 56). 

Moreover, the most recent trial of 894 women by Easterling et al. (2019), which 

compared the effect of three antihypertensive agents (labetalol, nifedipine and 

methyldopa) for the management of severe hypertension in pregnancy, reported that the 

three oral antihypertensive agents reduced blood pressure to the reference range (277). 

On the other hand, more neonates born to women assigned to the nifedipine were 

admitted to NICU, while the effects of antihypertensive treatment on other obstetric 

outcomes remained uncertain due to a lack of statistical power. The trial was powered 

based on blood pressure as the primary outcome and not for neonatal outcomes. 

Therefore, including only observational studies can be justified because RCTs have been 

designed and powered to focus mainly on controlling maternal blood pressure rather than 

comparing adverse maternal and neonatal outcomes. Our findings, therefore, 

complement previous meta-analyses of RCTs. 

A systematic review of six trials and 495 hypertensive participants reported that lowering 

maternal blood pressure to the normal reference range had no significant effect on the 

risk of SGA or PE (56). Similarly, we did not find an association between 

antihypertensive treatment and PE. However, the effect of treatment with 

antihypertensives was consistent with an increased risk of SGA in our review, and this 

is in agreement with findings from a recent network meta-analysis which reported a 

higher risk of SGA in women with chronic hypertension who were on beta-blockers or 

methyldopa during pregnancy (278). This could result from a direct effect of the 

treatment or because severe hypertension at any time during pregnancy is a risk factor 

for SGA, and women with severe hypertension are more likely to be treated. Although 

the Control of Hypertension In Pregnancy Study (CHIPS) trial found no significant 

differences in the risk of perinatal mortality and morbidity between less-tight (target 

diastolic blood pressure DBP 100 mmHg) versus tight (target DBP 85 mmHg) groups, a 
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higher incidence of severe hypertension was noticed in the less-tight group (29). Another 

findings from CHIPS study demonstrated that women with severe hypertension (whether 

in less tight or tight group) had higher risk of adverse pregnancy outcomes, including 

SGA (279). However, 75% of included women in CHIPS trial had chronic hypertension, 

whereas the remaining had gestational hypertension. 

Pregnancies complicated with chronic hypertension appear to be at increased risk of 

significant morbidity and mortality. The MBRRACE-UK (Mothers and Babies: 

Reducing Risk through Audits and Confidential Enquiries) Perinatal Mortality 

Surveillance Report highlighted the need to reduce stillbirth and adverse outcomes, 

particularly in Black women who are disproportionately affected by chronic 

hypertension (280). Although rates of maternal mortality have decreased in many 

countries, the United States was recently listed by WHO as one of the eight countries 

with a rising rate of maternal mortality (281). In the United Kingdom, fewer than nine 

mothers per 100,000 live births died from complications related to pregnancy or child 

birth; in Canada, the rate was fewer than seven; whereas in the United States, it increased 

from 23 in 2005 to 25 in 2015 (281-283). Although our findings (including 4 US studies) 

suggested an increase in odds of maternal mortality over time among the US mothers 

with chronic hypertension compared to normotensive, only two out of four studies 

adjusted for ethnicity during the analysis stage (Appendix 3). Moreover, the 

Confidential Enquiries into Maternal Deaths and Morbidity 2014-2016 demanded urgent 

research to investigate why maternal mortality is disproportionately high among Black 

women and among those with multiple health problems or other vulnerabilities (280). 

Our study supports previous recommendations that women with chronic hypertension 

should be assessed before conception and monitored closely for the potential 

development of adverse complications during pregnancy (33, 38). Furthermore, the 

importance of preconceptual counselling for high-risk women is highlighted by the 

finding that some hypertensive women were on angiotensin‐converting enzyme 

inhibitors or angiotensin receptor blockers during pregnancy, and these may have 

teratogenic effects or result in termination of pregnancy. We found little or no effect of 

antihypertensive treatment in preventing superimposed pre-eclampsia, stillbirth, or other 

adverse perinatal outcomes. Although the lack of data on chronic hypertension severity 

is an important limitation in the existing literature, our findings should not discourage 

practitioners from prescribing antihypertensive treatment when clinically indicated. 
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Future research should consider the severity of hypertension and other confounding 

factors such as body mass index, smoking and use of antihypertensive treatment when 

assessing the association between chronic hypertension and adverse perinatal outcomes. 

Moreover, population-based studies and large multicentre trials are needed to assess the 

efficacy and safety of different antihypertensive agents during pregnancy on perinatal 

outcomes to ensure that healthcare practitioners have sufficient information to determine 

whether the benefits of treating women with mild-moderate hypertension in pregnancy 

outweigh potential harms. 

3.6 Conclusion 

Maternal chronic hypertension is associated with adverse maternal, fetal, and neonatal 

outcomes, including maternal and perinatal mortality, compared with normotensive 

women. These associations appear to be independent of maternal ethnicity. Treatment 

with antihypertensive agents did not eliminate the risk of adverse pregnancy outcomes 

and may increase the risk of SGA. However, various classes of antihypertensive 

treatment may differently influence the risk of adverse pregnancy outcomes. Further 

RCTs are needed to examine the effect of antihypertensive treatment on SGA and other 

adverse pregnancy outcomes. 
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Table 3.1 Estimated odds ratios of adverse perinatal outcome for women with chronic hypertension during pregnancy compared to normotensive women 

Maternal Outcomes 

No. of 

studies 

(estimates) 

population 
Overall crude 

OR [95% CI] 
I2, % 

No. of 

studies 

(estimates) 

population 
Overall adjusted 

OR [95% CI]* 
I2, % 

PE 18 11,721,514 7.11 [5.01, 10.09] 100 21 24,312,773 5.43 [3.85, 7.65] 100 

HELLP 3 4,744,404 3.60 [2.36, 5.50] 73 3 4,744,404 3.08 [1.79, 5.30] 81 

CS 17 (19) 6,232,257 2.30 [2.02, 2.63] 95 9 (10) 18,701,513 1.87 [1.61, 2.16] 98 

PPH  6 5,786,367 1.57 [1.23, 2.00] 85 4 5,446,006 1.46 [1.17, 1.81] 72 

Maternal mortality 3 39,725,224 8.43 [6.17, 11.50] 65 4 52,672,224 4.80 [3.04, 7.58] 71 

Fetal, neonatal outcomes  

Miscarriage 2 110,269 2.48 [1.78, 3.45] 0 1 109,932 1.33 [0.90, 1.97] - 

Stillbirth 18 38,345,766 3.00 [2.69, 3.35] 80 18 51,197,315 2.32 [2.22, 2.42] 0 

Black women -  - - 2 3,283,628 2.27 [2.00, 2.58] 0 

White women -  - - 2 18,357,481 2.92 [1.75, 4.88] 85 

VPTB<34 wks.  9 2,278,003 2.29 [1.47, 3.57] 96 6 2,029,558 1.92 [1.09, 3.38] 98 

PTB<37 wks. 28 (35) 7,930,708 2.57 [2.22, 2.97] 97 25 (30) 18,713,632 2.23 [1.96, 2.53] 97 

Non-specified 23 (28)  2.43 [2.10, 2.83] 97 20 (22)  2.14 [1.83, 2.51] 97 

Spontaneous 3  1.32 [0.97, 1.79] 75 4  1.44 [0.74, 2.80] 97 

Medically indicated 4  6.66 [5.85, 7.58] 11 4  4.67 [3.55, 6.14] 62 

PTB<37 wks.         

Black women -  - - 5 135,917 1.84 [1.28, 2.65] 80 
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White women -  - - 4 155,729 1.64 [1.29, 2.07] 95 

SGA 29 8,356,964 1.99 [1.58, 2.52] 98 24 21,251,640 1.96 [1.61, 2.40] 99 

Black women -  - - 2 16,867 1.30 [1.11, 1.54] 0 

White women -  - - 2 33,673 1.80 [1.22, 2.65] 62 

LBW 14 4,725,825 2.92 [2.22, 3.84] 98 11 4,605,536 3.05 [2.24, 4.15] 98 

Black women -  - - 5 118,757 2.44 [1.94, 3.06] 67 

White women -  - - 4 130,240 3.06 [2.39, 3.91] 85 

NICU 7 342,254 2.12 [1.66, 2.70] 85 1 35,135 1.37 [1.05, 1.79] - 

Neonatal death 4 5,196,085 3.11 [2.35, 4.11] 39 4 5,301,824 2.29 [2.02, 2.59] 0 

Perinatal death 10 3,289,474 2.46 [1.70, 3.55] 73 6 3,261,503 1.87 [1.33, 2.63] 75 

 CS, caesarean section; HELLP, hemolysis, elevated liver enzyme levels, and low platelet levels; LBW, low birthweight; NICU, neonatal intensive care unit; PE, pre-

eclampsia; PPH, post-partum haemorrhage; PTB, preterm birth; SGA, small for gestational age; VPTB, very preterm birth; *Authors’ definitions of adjustment. 
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Table 3.2 Estimated odds ratios of adverse perinatal outcomes for women treated with antihypertensive medications during pregnancy compared to 

untreated women 

Maternal/fetal, neonatal outcomes 
No. of 

studies  
Population 

Overall crude 

OR [95% CI] 
I2, % 

No. of 

studies  
Population 

Overall adjusted 

OR [95% CI]* 
I2, % 

Pre-eclampsia         

Treated CH vs untreated normotensive a 2 99,347 8.78 [3.32, 23.1] 93 2 99,347 6.57 [1.75, 24.7] 96 

Treated CH vs untreated CH b 5 1,532 0.81 [0.45, 1.45] 93 2 641 0.92 [0.27, 3.11] 90 

Cesarean section          

Treated CH vs untreated normotensive a 1 787 2.26 [1.59, 3.22] - - - - - 

Treated CH vs untreated CH b 1 222 1.42 [0.82, 2.4] - 1 222 0.89 [0.58, 1.35 ] - 

Preterm birth (<37 wks.) 

Treated CH vs untreated normotensive a  5 1,168,383 2.95 [1.93, 4.52] 95 5 1,168,383 2.78 [1.80, 4.29] 95 

Treated CH vs untreated CH b  4 3,763 1.35 [0.36, 4.97] 97 3 3,532 1.88 [0.61, 5.74] 97 

Small for gestational age 

Treated CH vs untreated normotensive a 4 1,135,723 1.84 [0.79, 4.29] 96 4 1,135,723 2.21 [1.18, 4.15] 87 

Treated CH vs untreated CH b 6 4,611 2.21 [1.45, 3.35] 76 5 4,442 1.86 [1.38, 2.50] 53 

Low birthweight 

Treated CH vs untreated normotensive a  3 1,166,502 3.16 [2.03, 4.93] 95 3 1,166,502 3.45 [2.26, 5.26] 92 

Treated CH vs untreated CH b 2 2,958 1.36 [0.63, 2.93] 84 1 2,727 1.96 [1.44, 2.67] - 

Miscarriage         
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Treated CH vs untreated normotensive a 1 787 1.61 [0.90, 2.88] - 1 787 1.44 [0.74, 2.81] - 

Treated CH vs untreated CH b 1 491 0.42 [0.16, 1.14] - -  - - 

Elective termination of pregnancy         

Treated CH vs untreated normotensive a 1 787 0.24 [0.06, 1.00] - 1 787 0.35 [0.07, 1.70] - 

Treated CH vs untreated CH b -        

Stillbirth         

Treated CH vs untreated normotensive a 2 1,881 2.31 [0.96, 5.60] - 1 1.094 2.20 [0.84, 5.76] - 

Treated CH vs untreated CH b 2 713 1.11 [0.54, 2.30] 0 1 222 1.13 [0.32, 3.99] - 

Neonatal intensive care unit admission  

Treated CH vs untreated normotensive a - - - - - - -  

Treated CH vs untreated CH b 2 271 0.30 [0.17, 0.53] 0 1 222 0.43 [0.25, 0.74] - 

Perinatal death         

Treated CH vs untreated normotensive a 2 99,347 1.77 [1.07, 2.93] 0 2 99,347 1.80 [1.07, 3.01] 0 

Treated CH vs untreated CH b 1 169 3.90 [0.43, 35.68] - - - - - 

CH: chronic hypertension. *Authors’ definitions of adjustment; a the comparative group was untreated normotensive women; b all women with chronic hypertension (treated vs untreated) 
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Table 3.3 Estimated odds ratios of adverse perinatal outcome in treated women with chronic hypertension according to the type of antihypertensive agent during 

pregnancy 

Outcomes 
No. of 

studies 

Populati

on 

Overall crude 

OR [95% CI] 
I2, % 

No. of 

studies 
Population 

Overall adjusted 

OR [95% CI]* 
I2, % 

PTB<37 weeks’ gestation/ exposed to ββ agent only 

Treated CH vs untreated normotensive a 1 97,927 2.32 [1.40, 3.84] - 1 97,927 2.68 [1.57, 4.57] - 

Treated CH vs untreated CH b 2 1,811 3.00 [1.34, 6.72] 84 2 1,811 2.74 [1.40, 5.36] 77 

SGA/ exposed to ββ agent only 

Treated CH vs untreated normotensive a 1 97,927 3.35 [1.47, 7.64] - 1 97,927 4.80 [2.07, 11.1] - 

Treated CH vs untreated CH b 3 2,040 2.21 [1.28, 3.82] 70 3 2,040 1.84 [1.20, 2.82] 41 

SGA/ exposed to centrally acting antiadrenergic agent only 

Treated CH vs untreated normotensive a 1 98,160 1.36 [0.67, 2.76] - 1 98,160 1.01 [1.00, 1.02] - 

Treated CH vs untreated CH b 3 1,545 1.95 [1.12, 3.40] 56 2 1,409 1.62 [1.09, 2.42] 32 

SGA (single/multiple agents vs untreated women with CH‡) 

Single agent  - - - - 3 2,103 2.03 [1.20, 3.43] 56 

Multiple agents  - - - - 3 1,733 2.55 [1.64, 3.95] 30 

SGA (centrally acting antiadrenergic vs other agents in women with CH) 

Treated women with CH 5 2,190 0.82 [0.51, 1.32] 61 - - - - 

SGA (ββ agent vs methyldopa in women with CH) 

Treated women with CH 3 2,126 1.40 [0.70, 2.79] 78 1  1.95 [1.21, 3.15] - 

ββ, beta-blockers; CH, chronic hypertension; PTB, preterm birth; SGA, small for gestaional age. *Authors’ definitions of adjustment; a the comparative group was untreated normotensive women; b all 

women with chronic hypertension (treated vs untreated) 
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Figure 3.1 PRISMA flow diagram of studies on the association between chronic 

hypertension and adverse pregnancy outcomes  
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Figure 3.2 PRISMA flow diagram of studies on the association between 

antihypertensive treatment and adverse pregnancy outcomes in women with chronic 

hypertension  
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Pre-eclampsia 

 

Maternal mortality 

 

Figure 3.3 Forest plots of adjusted estimates of the association between chronic hypertension 

and maternal complications 
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Figure 3.4 Forest plots of adjusted estimates of the association between chronic hypertension 

and fatal/neonatal outcomes 
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4.1 Abstract 

Objective: Limited evidence exists on the role that the cause of CKD plays in 

determining pregnancy outcomes. The aim of this systematic review and meta-analysis 

was to examine the association between CKD and adverse pregnancy outcomes, by 

cause and severity of CKD where reported. The protocol was registered on the 

International Prospective Register of Systematic Reviews (CRD:42020211925). 

Data sources: PubMed, Embase, and Web of Science were searched until May 24, 

2021, supplemented with reference list checking. 

Study eligibility criteria: Studies that compared pregnancy outcomes in women with 

or without CKD were included. Two reviewers independently screened titles, abstracts, 

and full-text articles according to a priori defined inclusion criteria.  

Study appraisal and synthesis methods: Data extraction and quality appraisal were 

performed independently by three reviewers. The GRADE approach was used to assess 

the overall certainty of the evidence. Random-effects meta-analyses were used to 

calculate pooled estimates using the generic inverse variance method. Primary 

outcomes included pre-eclampsia, Caesarean section (CS), preterm birth (PTB) [<37 

weeks’ gestation] and small for gestational age (SGA) babies. 

Results: Of 4,076 citations, 31 studies were included. Pre-pregnancy CKD was 

associated significantly with a higher risk of pre-eclampsia [pooled crude odds ratio 

(OR): 8.13, (95% confidence interval (CI), 4.41–15), and adjusted OR (aOR): 2.58, 

(1.33–5.01)], CS [aOR: 1.65, (1.21–2.25)], PTB [aOR: 1.73, (1.31–2.27)] and SGA 

[aOR: 1.93, (1.06–3.52)]. The association with stillbirth was not statistically significant 

[aOR: 1.67, (0.96–2.92)]. Subgroup analyses indicated that different causes of CKD 

might confer different risks and that severity of CKD is associated with risk for adverse 

pregnancy outcomes, as pregnancies with later stages CKD, compared to earlier stages, 

had higher odds of pre-eclampsia, PTB and SGA. The GRADE certainty of the 

evidence was ‘very low’. 

Conclusions: This meta-analysis quantified associations between pre-pregnancy CKD, 

overall and according to cause and severity, and adverse pregnancy outcomes. These 

findings might support clinicians aiming to counsel women with CKD, by allowing 
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them to tailor their advice according to the cause and severity of CKD. We identified 

gaps in the literature, and further studies examining the effect of specific kidney 

diseases and other clinical characteristics (e.g. proteinuria, hypertension) on adverse 

pregnancy outcomes are warranted.  
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4.2 Introduction 

Chronic kidney disease (CKD) is a major global public health problem associated with 

excess morbidity, decreased quality of life, and premature mortality (61). Definitions 

and classifications of CKD have changed over time, with the current international 

guidelines defining CKD as having markers of kidney damage (e.g., albumin excretion 

rate >30 mg/d) and/or a reduced glomerular filtration rate (GFR)<60 mL/min/1.73 m2 

for at least three months duration, irrespective of the underlying cause (62, 63). The 

disease is then sub-classified into five stages according to the level of kidney function, 

stages 1-2 (mild CKD with an eGFR≥60 mL/min/1.73 m2 but with other evidence of 

kidney damage, such as proteinuria or structural kidney abnormalities), and stages 3-5 

(moderate to severe CKD, with GFR<60 mL/min/1.73 m2) (62, 63). A global 

prevalence of 9.5% has been reported for CKD in women overall, with a higher 

proportion of early stages of the disease reported in women than men (61, 64). In 

women aged 20-39 years, the prevalence of stages 1-2 and stages 3-5 CKD are 

estimated to be 3% and 0.67%, respectively (71, 284).  

Prior reports, many of them small in size and emanating from single centres, have 

shown associations between CKD and adverse pregnancy outcomes (71-73). However, 

associations of adverse pregnancy outcomes with the cause of CKD are less known. 

The most recent meta-analysis assessing the association between CKD and adverse 

pregnancy outcomes included 14 studies published between 1979 and 2013 (73). 

Investigators reported higher odds of pre-eclampsia, caesarean section (CS), preterm 

birth (PTB), and small for gestational age (SGA) or low birthweight (LBW) in women 

with CKD compared to women without CKD (73). However, eight of the 14 studies 

examined adverse pregnancy outcomes among women with diabetes (diabetic 

nephropathy as an exposed group), which makes it difficult to generalize the results to 

women with other underlying causes of CKD. Additionally, crude estimates were 

reported in this review without consideration for potential confounding factors. 

Previous studies evaluating pregnancy outcomes in women with advanced stages of 

CKD have reported worse outcomes than those with earlier stages, although the results 

were inconsistent, and the magnitude of risk estimates differ across individual studies 

(285-287). These estimates are derived from small and single-centre cohorts, and we 

could not identify any systematic review of published data comparing risks for adverse 

pregnancy outcomes in women with advanced versus earlier stages of CKD. Moreover, 
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associations between the cause of CKD and pregnancy outcomes are less studied: 

although the pregnancy outcomes are noted to be particularly poor in certain women 

with lupus nephritis, the data for other forms of glomerular and non-glomerular kidney 

diseases are scant (288). 

Thus, we conducted this systematic review and meta-analysis to synthesize the 

available published literature with respect to the associations between CKD and 

adverse pregnancy outcomes, and to evaluate, where possible, the extent to which the 

severity and cause of CKD modify these associations. 

4.3 Methods 

4.3.1 Protocol registration and reporting 

The protocol for this systematic review was prospectively registered on the 

International Register of Systematic Reviews (identifier: CRD42020211925) (94). An 

additional question on CKD severity was added after registration. We followed the 

Preferred Reporting Items for Systematic Review and Meta-Analysis checklist in the 

reporting of this systematic review (190).  

 

4.3.2 Research Questions 

1) Do pregnant women with CKD compared to pregnant women without CKD 

have a higher risk of adverse pregnancy outcomes? 

2) Do pregnant women with late stages of CKD compared to early stages have a 

higher risk of adverse pregnancy outcomes? 

3) Do specific causes of CKD associate with higher risks of adverse pregnancy 

outcomes? 

Population, intervention, comparison, and outcome 

The population, intervention, comparison, and outcome (PICO) approach specific to 

this systematic review and meta-analysis is detailed below: 

Population of interest: All pregnant women 

Intervention/exposure group: a) Pregnant women with CKD 

                                                   b) Pregnant women with late stages of CKD 

Comparison group: a) Pregnant women without CKD 

                                 b) Pregnant women with early stages of CKD 
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Outcomes: Primary (pre-eclampsia, CS, PTB [<37 weeks’ gestation], and SGA). 

Secondary (maternal death, very preterm birth [VPTB, <34 weeks’ gestation], LBW, 

neonatal intensive care unit [NICU] admission, stillbirth, neonatal death, and perinatal 

death). 

4.3.3 Eligibility criteria 

Observational studies (prospective cohort, retrospective cohort, or case-control 

designs) published in the English language were considered for inclusion if they met 

the PICO criteria. Reviews, case reports, editorial letters, expert opinions, and animal 

studies were not eligible for inclusion. 

4.3.4 Information sources and search strategy 

A systematic search of PubMed, Embase, and Web of Science was undertaken from 

the inception of the databases until November 12, 2020, using a detailed search strategy 

and key terms including CKD and pregnancy outcomes. We also conducted a pre-

submission updated search on May 24, 2021. Please see Appendix 4 for the full search 

strategy that was used in each database. We additionally searched the bibliographies of 

previous systematic reviews of the same topic and searched the reference lists of all 

identified studies for further potentially relevant studies. 

4.3.5 Study selection 

Two reviewers (S.A and E.B) independently screened titles and abstracts, excluding 

studies that clearly did not meet the predefined inclusion criteria. Full texts of 

potentially eligible studies were obtained and screened independently by the same two 

reviewers, and where consensus could not be reached, a third reviewer was consulted. 

Where a duplicate publication of the same data (study population) existed, we only 

included the largest study. The process of study selection is outlined in Figure 4.1. 

4.3.6 Data extraction and quality assessment 

Three reviewers performed the data extraction (E.B, G.M, and S.A) independently 

using a standardized data extraction form. The following information was extracted: 

study author, year, country, study design, sample size, exposure and outcome 

definitions, statistical method used, reported effect measures (if not reported, we used 

raw data to calculate odds ratios [(ORs) and 95% confidence intervals (CI)], and factors 

adjusted for, if any. 
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Quality assessment of the included studies was performed independently by three 

reviewers (S.A, G.M, and E.B) using the Newcastle-Ottawa Scale. This scale uses a 

“star system”, in which stars are assigned to show higher quality on the basis of the 

following three criteria: selection of the study groups; comparability of the groups; and 

the ascertainment of the exposure and/or outcome of interest (the total score ranged 

from 0 to 9) (289). We considered 0–3 stars as low quality, 4–6 stars as moderate 

quality and 7–9 stars as high quality. Any discrepancies on screening, extraction and 

quality assessment were resolved through discussion and consensus involving the three 

reviewers (S.A, E.B, and G.M) and the lead investigator (A.K). 

4.3.7 GRADE Certainty of the Evidence 

The Grading of Recommendations, Assessment, Development and Evaluation 

(GRADE) approach was used to evaluate the certainty of the evidence for primary 

outcomes by two reviewers independently (S.A and G.M). The certainty of the 

evidence was assessed using GRADEpro software based on the following domains: 

study design, risk of bias, imprecision, inconsistency, indirectness, and publication bias 

(290). Given the nature of the research questions specific to this systematic review (the 

exposure “CKD” is a medical condition), randomized control trials are not feasible. As 

a result, the certainty of the evidence for the included studies was assessed based on 

modifications of the traditional GRADE approach (291, 292). Thus, the included 

observational studies started as high quality and were downgraded accordingly based 

on the GRADE domains.  

4.3.7 Statistical analysis 

Random-effects meta-analyses using the generic inverse variance method were 

performed to calculate crude and adjusted pooled ORs of the associations between 

CKD and outcomes of interest. Forest plots were used to display crude and adjusted 

pooled ORs with 95% CIs. The risk difference (RD) estimates were calculated using 

GRADEpro, based on the event risk in the unexposed group, the pooled OR and 95% 

CI. 

The statistical heterogeneity between studies was assessed using the I2 statistics, and 

values ≥75% were considered high heterogeneity (293). Publication bias was evaluated 

using Egger’s test and funnel plots. Subgroup analyses were performed according to 

the cause of CKD (glomerulonephritis, diabetic CKD, polycystic kidney disease (PKD) 
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or unspecified CKD), study location (Asia, Australia, Europe, North America, or South 

America,) and the publication year (≤2010 or >2010). The subgroup meta-analysis 

calculates the effects within each subgroup level and then compares the pooled effect 

estimates for each subgroup. The P value from the Cochran Q test—a test for 

interaction—was used to determine whether the magnitude of the effect of CKD differs 

according to causes of CKD, location, or year of publication. Studies with “zero” event 

in either group were excluded from analyses.  

We also conducted a post-hoc analysis excluding a study that by design included 

women with CKD and superimposed acute kidney disease (4% had acute kidney 

disease) (294) to assess if that had an influence on the reported results. A statistically 

significant P value was based on a threshold of <0.05. All analyses were performed 

using Review Manager version 5.3, GRADEpro was used to estimate RDs, and Stata 

16 for the Egger test. 

4.4 Results 

4.4.1 Search results and study characteristics 

The initial search yielded 4,076 unique studies after the removal of duplicates (Figure 

4.1). After screening the titles and abstracts, 143 full-text articles were reviewed. Of 

these, 113 articles not meeting inclusion criteria were excluded, leaving 30 articles for 

inclusion from this search. Reviewing reference lists of the included articles identified 

one additional article. A total of 31 unique articles were included in this review; 17 

studies reported pregnancy outcomes in women with CKD vs those without (294-310), 

10 studies reported results for early vs late stages of CKD (285-287, 311-317), and four 

studies reported results for both comparisons (318-321). 

Of the 31 included cohort studies, the sample size ranged widely, from 12,524,119 

participants in a population-based study (298) to 31 in a single-centre hospital-based 

study (315). The studies were published between 1988 and 2021. Eleven studies were 

conducted in Europe (287, 301, 303, 304, 306, 310, 314, 316, 318-320), ten in North 

America (285, 286, 294, 297-299, 305, 308, 309, 315), six in Asia (295, 296, 311-313, 

317), two in Australia (307, 321), and two in South America (300, 302). Thirty studies 

reported definitions for CKD: nine defined CKD according to the National Kidney 

Foundation “Kidney Disease Outcomes Quality Initiative” guidelines (285, 295, 296, 

299, 300, 312, 313, 320, 321), eleven used serum creatinine or proteinuria (287, 301-

https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2681643?casa_token=ASZRZd_J5ZwAAAAA:2vBfx4FYo2e7ek_ngs89NgiNRIoR9nxBrcBJLK5mlpEpAg5f6N3ZAHMfo0Vh3A5X1Hb2Hhi3Fjo#yoi180028f1
https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2681643?casa_token=ASZRZd_J5ZwAAAAA:2vBfx4FYo2e7ek_ngs89NgiNRIoR9nxBrcBJLK5mlpEpAg5f6N3ZAHMfo0Vh3A5X1Hb2Hhi3Fjo#yoi180028f1
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309, 315), six used eGFR (286, 311, 314, 316, 317, 319), four used medical coding 

(294, 297, 298, 310), and one study did not report the definition of CKD (318). 

All studies scored between four and eight on the Newcastle-Ottawa Scale (Appendix 

4, Tables S4.1-S4.2). The studies were rated as either moderate quality (n=16) or high 

quality (n=15); almost all studies with moderate quality did not adjust for confounding 

factors. More details about the characteristics of the studies, the definitions of CKD 

and outcomes from each included study are shown in (Tables S4.1-S4.2). Additionally, 

forest plots of all analyses are provided in Appendix 4 (Figures S4.1-S4.24). 

4.4.2 Results of the Meta-analyses 

The effect of CKD on adverse pregnancy outcomes (CKD compared to no CKD) 

The summary results of all meta-analyses that investigated the association between 

CKD and adverse pregnancy outcomes are presented in Table 4.1. Of the 21 studies 

that compared adverse pregnancy outcomes in women with CKD vs those without, 14 

studies had healthy women (general obstetric population) as the unexposed group. The 

remaining seven studies had women with other underlying medical conditions (diabetic 

in six studies (301, 303-307)), but with normal kidney function as the unexposed group 

(301, 303-308). Six studies reported adjusted effect estimates and that included 

demographic characteristics, such as maternal age, smoking, parity, body mass index 

and other comorbidities. 

Fifteen studies reported effect estimates of pre-eclampsia: the crude pooled OR was 

8.13 (95% CI, 4.41–15) (Figure 4.2), and the RD was 16% (95% CI, 8.4– 27). Four 

studies provided adjusted estimates for pre-eclampsia, which attenuated the OR to 2.58 

(95% CI, 1.33–5.01) and RD to 4.1% (95% CI, 0.9–9.7). Ten studies reported effect 

estimates for CS: the pooled crude OR was 1.66 (95% CI, 1.34–2.06), and the RD was 

6.4% (95% CI, 3.4–9.8). Three studies reported adjusted OR (aOR) for CS and that 

showed similar results to the unadjusted estimate, aOR: 1.65 (95% CI, 1.21–2.25), and 

the RD was 6.3% (95% CI. 2.1–11.4). Fifteen studies reported effect estimates for PTB: 

the pooled crude OR was 3.07 (95% CI, 2.27–4.16) (Figure 4.3), and the RD was 9.2% 

(95% CI, 5.9–15.3). Four studies reported adjusted estimates for PTB, lowering the OR 

to 1.73 (95% CI, 1.31–2.27) and RD to 3.4% (95% CI, 1.5–5.8). Similarly, a higher 

risk of VPTB (<34 wk.) was observed in women with CKD from both crude estimates 
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[ten studies, OR=4.85 (95% CI, 3.01–7.80), RD=3.1% (95% CI, 1.6–5.4)] and adjusted 

estimates [four studies, aOR: 2.18 (95% CI, 1.61–2.95), RD=1% (95% CI, 0.5–1.6)]. 

Ten studies reported effect estimates for SGA: the crude OR was 2.69 (95% CI, 1.70–

4.24), RD=4% (95% CI, 1.7–7.5), and the aOR (three studies) was 1.93 (95% CI, 1.06–

3.52), RD=2.3% (95% CI, 0.1–5.9). Few studies reported effect estimates for 

miscarriage, stillbirth, and perinatal death, and both adjusted and unadjusted results 

were non–significant (Table 4.1). Additionally, the combined outcome of pregnancy 

loss showed an insignificant association with CKD [four studies, pooled aOR: 1.58 

(95% CI, 0.92–2.73), RD=0.2% (95% CI, 0.0–0.7]. 

Assessment of heterogeneity and publication bias 

Heterogeneity between studies was low for perinatal death (I2=0%), moderate for CS 

(I2=56%), and high for other outcomes. Although heterogeneity was high for most 

outcomes in this comparison, most effect estimates of studies examining the effect of 

pre-eclampsia and PTB (Figures 4.2 & 4.3) are in the same direction suggesting an 

association with CKD, which may indicate that heterogeneity between studies was 

because of poor overlapping between studies’ 95% CIs (192). This was also explored 

more in subgroup analyses based on the cause of CKD, study location and year of 

publication. For publication bias, funnel plots of pre-eclampsia (Figure S4.1), CS 

(Figure S4.2), PTB (Figure S4.3), VPTB (Figure S4.4c) and SGA (Figure S4.5) show 

approximately symmetric distributions, and the results of the Egger test were 

nonsignificant for all outcomes (P-values=0.38; 0.47; 0.17; 0.10; and 0.44 

respectively), indicating that publication bias was unlikely to be a substantial problem. 

The effect of CKD severity on adverse pregnancy outcomes (advanced stages 

compared to early stages of CKD) 

A summary of the results of the included studies that report adverse pregnancy 

outcomes based on the severity of kidney disease are available in Table 4.1. Of the 14 

studies, eight compared the outcomes in women with earlier stage (stages 1 or 1-2) 

CKD vs later stage (stages 2-5 or 3-5) CKD (285, 311-313, 319-321). Four studies 

included women with stages 1-3 vs 4-5 (286, 314, 316, 317). One study defined CKD 

severity using creatinine level (<125 vs >125 umol/L) (287), and another study defined 

the severity of kidney disease according to urine protein level (315), whereas one study 

did not report the CKD definition (318). Only three studies in this comparison adjusted 
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for potential confounders, all of them adjusted for proteinuria, and two of these adjusted 

for hypertension as well. 

The results suggest that later stages of CKD, compared to earlier stages, were 

associated with higher odds of pre-eclampsia [10 studies; crude OR=2.77 (95% CI, 

1.73–4.44), RD=24% (95% CI, 12–35)], CS [10 studies; crude OR=1.53 (95% CI, 

1.02–2.30), RD=10% (95% CI, 0.5–19)], PTB [12 studies; crude OR=4.21 (95% CI, 

2.99–5.92), RD=34% (95% CI, 26.4–42)], and VPTB [eight studies; crude OR=3.11 

(95% CI, 2.06–4.69), RD=19% (95% CI, 11–29)]. Eleven studies showed an 

association between CKD severity and SGA [crude OR=2.43 (95% CI, 1.33–4.46), 

RD=18% (95% CI, 5.2–33)], but this association was no longer statistically significant 

after adjustment for proteinuria and hypertension [three studies, aOR: 2.42 (95% CI, 

0.82–7.15), RD=17% (95% CI, –2.8–43)]. 

The risks of LBW [three studies; crude OR=3.17 (95% CI, 1.05–9.62), RD=22% (95% 

CI, 0.7–49)] and NICU admission [three studies; crude OR=2.94 (95% CI, 1.05–

9.62.08), RD=26% (95% CI, 11–39)] were higher in women with advanced stages of 

CKD. We also observed a higher risk of stillbirth, neonatal death, and perinatal death 

in later stages of CKD compared to earlier stages (Table 4.1). The combined outcome 

of pregnancy loss also supported a higher risk in women with advanced stages of CKD 

[9 studies; crude OR=4.39 (95% CI, 2.40–8.02), RD=13% (95% CI, 6–24)]. Few 

studies reported adjusted effect estimates (adjusted for proteinuria and hypertension), 

and these reported a significant risk of pre-eclampsia (n=1) and VPTB (n=2) (Table 

4.1). 

Assessment of heterogeneity and publication bias 

Heterogeneity among studies was low in studies that assessed the outcomes including 

stillbirth, neonatal death, perinatal death, pregnancy loss, PTB, VPTB, NICU 

admission (I2=0%) and CS (I2=21%). A moderate level of heterogeneity was observed 

between studies examining the effect of pre-eclampsia (I2=31%), LBW (I2=58%) and 

SGA (I2=59% and 56% in the adjusted model). This level of moderate heterogeneity 

might be due to poor overlapping of 95% CIs for effect estimates of individual studies. 

The tests for funnel asymmetry were nonsignificant for pre-eclampsia (P=0.14), CS 

(P=0.50), and SGA (P=0.61), suggesting that publication bias is not a concern 

(Appendix 4, Figures S4.9b; S4.10b; and S4.13c, respectively). However, there was 

little evidence for small-study effects for PTB (P=0.032, Figure S4.11b).  
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The effect of the cause of CKD on adverse pregnancy outcomes 

When we investigated risks based on the cause of CKD, we determined that all causes 

were associated with a higher risk of pre-eclampsia, PTB, and SGA (Table 4.2 & 

Figures S4.19, S4.11 & S4.13). Adjustment for confounding factors in this analysis 

refers mainly to maternal demographic characteristics and other comorbidities. 

The magnitude of risk of pre-eclampsia appears higher in women with 

glomerulonephritis and diabetic CKD [crude OR=6.52 (95% CI, 2.02–21.1), and 9.19 

(95% CI, 6.05–14.0), respectively] than in women with PKD [OR=4.36 (95% CI, 3.32–

5.71)]. However, adjusted estimates showed similar risks across different subgroups 

[glomerulonephritis: aOR=2.13 (95% CI, 1.84–2.47); diabetic CKD: aOR=2.80 (95% 

CI, 1.55–5.05); and PKD: aOR=3.98 (95% CI, 2.98–5.32)]. Women with diabetic CKD 

were more likely to have PTB [crude OR=4.71 (95% CI, 1.46–15.2), aOR=4.76 (3.65–

6.21] and CS [crude OR=3.08 (95% CI, 0.71–13.30), aOR=3.75 (95% CI, 2.76–5.10)] 

than other CKD groups. There was effect modification by cause of CKD, which 

suggested that different CKD causes had differing risks of pre-eclampsia (P=0.03), 

VPTB (P<0.00001) and SGA (P=0.008). In addition, one study reported the effect 

estimate for women with renovascular CKD, compared to normotensive women 

without CKD, which suggested a higher odds of pre-eclampsia [aOR=3.64 (95% CI, 

2.18–6.09)], indicated PTB [aOR=8.09 (95% CI, 5.73–11.4)], and SGA [aOR=328 

(95% CI, 2.06–5.20)] (310). 

Heterogeneity was moderate to high for all meta-analyses, and that was explained by 

causes of CKD, particularly for VPTB and SGA (Appendix 4, Figures S4.22 & S4.23). 

When this was further investigated, a high level of heterogeneity for PTB in the diabetic 

CKD subgroup (n=6, I2=96%) was owing to two studies with outlying effect estimates 

(301, 310). When these studies were excluded, the pooled crude OR for PTB in this 

subgroup was changed to 4.18 (95% CI, 2.86–6.11; I2= 0%). Similarly, excluding these 

studies from the pre-eclampsia analysis decreased heterogeneity. The explanation for 

outlier results in these studies might be explained by studies inclusion criteria, as one 

study included women with microalbuminuria without reduced eGFR (301), whereas 

the other study compared outcomes to the general obstetric population and not mainly 

diabetic women without CKD (310), which was used as the reference group in other 

studies examining the risk of pregnancy outcomes in women with diabetic CKD.  
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Sensitivity analyses by study location and year of publication 

The results of subgroup analyses by publication year (≤2010 vs >2010) showed a 

significant decreased risk over time for CS (P=0.02) and SGA (P<0.0001) and also 

explained some of the heterogeneity among the studies. However, no differences were 

found by study location (Appendix 4, Table S4.3).  

4.4.3 GRADE Certainty of the Evidence 

Considering that our review included observational studies, the certainty of the 

evidence was judged to be “low” for pre-eclampsia, PTB and VPTB, and “very low” 

for SGA and CS. Therefore, the certainty of the evidence overall across all outcomes 

was judged to be very low. The evidence was downgraded (depending on the outcome 

of interest) due to a serious risk of bias in the included studies (studies included were 

observational, most studies reported crude estimates and confounding was judged to be 

a serious concern); serious imprecision (the included studies had very wide 95% CIs); 

and inconsistency (due to a moderate level of heterogeneity that was not explained by 

subgroup analyses, as well as effect estimates in varying directions and crossing the 

line of no effect). Details about the GRADE evaluation are provided in Table 4.3. 

4.5 Discussion 

This systematic review and meta-analysis of 31 international studies over the last four 

decades examined associations between pre-pregnancy CKD and risk of adverse 

pregnancy outcomes. We identified three main findings. First, we confirmed that CKD 

is a strong risk factor for adverse pregnancy outcomes. For example, the odds for pre-

eclampsia were 8-fold higher in women with CKD compared to women without CKD 

and remained approximately 3-fold higher after adjusting for factors including maternal 

age, smoking, body mass index, parity, and other comorbidities. Second, we confirmed 

that later stages of CKD are associated with greater risk than earlier stages, supporting 

findings from individual studies that have not been evaluated in a contemporary meta-

analysis. Finally, we determined that the risk associated with CKD differs depending 

on the cause of CKD: specifically, risks were higher amongst women with diabetic 

CKD, particularly for CS, PTB, and SGA. 

Our review reinforces previous findings on the occurrence of adverse pregnancy 

outcomes in women with CKD, compared to those without CKD, by including more 

studies from different settings (72, 73). In contrast to the previous reviews (72, 73), we 
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considered the cause of CKD when adverse pregnancy outcomes were compared 

between women with and without CKD. We also investigated the risk of adverse 

pregnancy outcomes among pregnant women with late stages of CKD compared to 

early stages. Additionally, a previous review reported high quality of the evidence for 

pre-eclampsia and PTB and low for SGA/LBW (73), but our GRADE evaluation 

showed low and very low quality of evidence for these outcomes, respectively. 

 There is limited research on the risk of adverse pregnancy outcomes among women 

with specific types of kidney diseases. In our review, most studies (n=19) combined a 

variety of kidney disease aetiologies in their analyses when examining the risk of 

adverse pregnancy outcomes. Of these, 14 reported percentages of specific diagnoses, 

and glomerulonephritis was the most common diagnosis in pregnant women (285, 286, 

310, 312-314, 316-318, 321). Proteinuria has been found to be an important predictor 

of outcome in immunoglobulin A(IgA) nephropathy, which is the most common 

primary glomerulonephritis in pregnant women (288). 

The available literature suggests that proteinuria (316, 322) and chronic hypertension 

(310, 316, 322) are strong determinants of adverse pregnancy outcomes in women with 

CKD. However, an Italian cohort study aimed to investigate whether adverse 

pregnancy outcomes in women with stage 1 CKD were due to hypertension, 

proteinuria, presence of systemic disease, or other factors associated with CKD and 

indicated that any persistent kidney damage (even with preserved kidney function) in 

the absence of hypertension, significant proteinuria or systemic disease, was associated 

with a higher risk for adverse pregnancy outcomes (322). Our findings from the 

subgroup analysis, including studies that specified the CKD subtypes, suggested a 

higher risk of adverse pregnancy outcomes in pregnant women with 

glomerulonephritis. Furthermore, we found that pregnancies in women with diabetic 

CKD had poor pregnancy outcomes, particularly for preeclampsia, CS and SGA, and 

the magnitude of effect estimates varies among included studies based on albuminuria 

level (microalbuminuria/macroalbuminuria). The pregnancy outcomes among 

pregnant women with PKD were reported in two studies, and they showed an 

association with pre-eclampsia, CS, PTB, SGA and stillbirth. We did not include 

pregnant women with lupus nephritis in our review as this particular group was studied 

in a recent meta-analysis that reported an association between lupus nephritis and pre-

eclampsia (OR=2.84), PTB (OR=1.92), and fetal growth restriction (OR=1.43) (323). 
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Overall, the finding of associations between adverse pregnancy outcomes and different 

CKD causes confirms previous research (66). However, direct comparisons of 

pregnancy outcomes between women with a specific cause of CKD vs a comparator 

cause of CKD are lacking.  

Strengths and Limitations 

The strengths of this meta-analysis include the development and use of a 

comprehensive search strategy, a prospectively registered protocol, the additional 

comparison of pregnancy outcomes across CKD stages, subgroup analyses by cause of 

CKD, and inclusion of studies from multiple geographic regions spanning four 

decades. In addition, each process of the systematic review was carried out by at least 

two independent reviewers using standardized data extraction forms and validated 

quality appraisal tools. However, several limitations should be noted. The review was 

limited to English language studies only, and the grey literature was not searched. 

Although we estimated the crude and adjusted estimates that highlighted significant 

confounding when comparing the crude and adjusted estimates, most of the included 

studies reported crude estimates only, were performed in a single centre and were of 

small sample size. Nevertheless, by pooling the results of these individual studies, we 

aimed to better estimate the true magnitude of risk. Confounding factors were 

addressed in nine studies only (285, 294, 298, 299, 301, 309, 310, 316, 320), and that 

may attenuate the reported estimates between CKD and adverse pregnancy outcomes. 

Therefore, future studies should be designed to account for potential confounding to 

improve our understanding of these associations and the role of potential confounding. 

These studies were also susceptible to other limitations of observational research, and 

the overall certainty of the evidence across all outcomes was judged to be “very low” 

using the GRADE approach (certainty was downgraded due to concerns regarding bias 

[incomplete adjustment for confounding] and imprecision [most studies of small 

sample size with very wide CIs)] and inconsistency. We cannot eliminate the 

possibility of under- or over- diagnosis of pre-eclampsia in some women with CKD, 

who had hypertension and/or proteinuria before pregnancy. Further, CKD definitions 

varied across the included studies, including the threshold at which a patient was 

considered to have early vs late CKD. Finally, we lacked sufficient data on proteinuria 

and blood pressure control before and during pregnancy, which are known to be strong 

risk factors for adverse pregnancy outcomes in women with CKD (322). Accordingly, 
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we could not determine whether associations with the cause of CKD were mediated by 

these (potentially modifiable) factors. Additionally, data on pre-eclampsia were not 

detailed enough to investigate whether the magnitude of risk associated with CKD 

varied by pre-eclampsia severity (severe vs mild or term vs preterm). Similarly, data 

on CS were reported as overall deliveries in most studies without distinguishing 

between elective or emergency CS. 

Women with CKD are considered a high-risk group during pregnancy and should be 

offered preconception counselling by a multidisciplinary team, with close monitoring 

during pregnancy, delivery and in the postnatal period. However, not all women with 

CKD are the same. By quantifying risk differences depending on severity and cause of 

CKD, this systematic review will enable clinicians to better tailor care and counselling 

to individual patient risk. Future studies examining associations between CKD and 

adverse pregnancy outcomes need to account not only for the severity of CKD but also 

for the cause of CKD and factors (proteinuria, hypertension, immunosuppressive 

therapies, and disease activity) that might mediate this risk. 

4.6 Conclusions 

The results of this meta-analysis confirmed an association between pre-pregnancy 

CKD and adverse pregnancy outcomes, with different risks according to the cause and 

the severity of CKD. We hope that these findings might support clinicians aiming to 

counsel women with CKD considering pregnancy. However, we acknowledge that 

most of the included observational studies had significant limitations, which highlights 

the need for more robust research in the future. In particular, we advocate for the 

development of an international pregnancy registry of women with CKD, which would 

comprehensively characterize women with CKD in early pregnancy and prospectively 

collect data on a core set of standardized pregnancy outcomes. Such an initiative would 

accurately quantify absolute risks, and identify risk factors, for adverse pregnancy 

outcomes in women with CKD, enabling pregnancy counselling to be better tailored to 

individual patient risk and generating hypotheses to be tested in future interventional 

studies.
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Table 4.1 Summary results of meta-analyses of pregnancy outcomes in women with chronic kidney disease  

Maternal/fetal 

outcome 

Crude estimates Adjusted Estimates 

No. of 

studies 

No. of 

participants 

Pooled OR 

(95% CI) 
RD (95% CI) I2, % 

No. of 

studies 

No. of 

participants 

Pooled OR 

(95% CI)a RD (95% CI) I2, % 

Women with CKD compared to women without CKD 

Pre-eclampsia 15 2,782,133 8.13 [4.41, 15] 16% [8.4, 27] 93 4 2,777,209 2.58 [1.33, 5.01] 4.1% [0.9, 9.7] 93 

Caesarean section 10 2,780,815 1.66 [1.34, 2.06] 6.4% [3.4, 9.8] 56 3 2,776,363 1.65 [1.21, 2.25] 6.3% [2.1, 11.4] 84 

Maternal death – – – – – 1 1,556 1.13 [0.44, 2.92] 0.1% [–0.6, 1.9] – 

Preterm birth  

(<37 wk.) 
15 2,837,905 3.07 [2.27, 4.16] 9.2% [5.9, 13.3] 92 4 2,831,929 1.73 [1.31, 2.27] 3.4% [1.5, 5.8] 92 

Very preterm birth 

(<34 wk.) 
10 2,833,576 4.85 [3.01, 7.80] 3.1% [1.6, 5.4] 87 4 2,832,177 2.18 [1.61, 2.95] 1.0% [0.5, 1.6] 65 

Small for 

gestational age 
10 2,780,942 2.69 [1.70, 4.24] 4.0% [1.7, 7.5] 78 3 2,776,363 1.93 [1.06, 3.52] 2.3% [0.1, 5.9] 89 

Low birthweight 1 43 4.00 [0.80, 20.1] 24% [–2.2, 62] – 1 1,556 2.38 [1.64, 3.44] 7.2% [3.5, 12] – 

Neonatal intensive 

unit admission 
1 144 2.40 [1.40, 4.11] - – 1 1,556 1.80 [1.22, 2.66] 4.0% [1.1, 7.9] – 

Miscarriage 3 809 2.71 [0.76, 9.62] 11% [–1.8, 37] 75 – – – – – 

Stillbirth 3 15,354,062 2.47 [0.72, 8.47] 0.6% [–0.1, 2.8] 99 3 15,354,062 1.67 [0.96, 2.92] 0.3% [0.0, 0.7] 94 

Perinatal death 2 422 4.07 [1.02, 16.2] 4.3% [0, 18] 0 1 1,556 0.50 [0.05, 5.53] –0.1% [–0.2, 1.1] – 

Pregnancy lossb 8 15,355,293 2.74 [1.22, 6.16] 0.7% [0.1, 2.0] 96 4 15,355,618 1.58 [0.92, 2.73] 0.2% [0, 0.7] 91 
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Late stages compared to early stages of CKD  

Pre-eclampsia 10 833 2.77 [1.73, 4.44] 24% [12, 35] b 31 1 126 4.50 [1.29, 15.7] 35% [4.9, 59] – 

Cesarean section 10 811 1.53 [1.02, 2.30] 10% [0.5, 19] 21 – – – – – 

Preterm birth 

 (<37 wk.) 
12 1,279 4.21 [2.99, 5.92] 34% [26.4, 42] b 0 1 126 2.03 [0.89, 4.63] 17% [–2.5, 37] – 

Very preterm birth 

(<34 wk.) 
8 716 3.11 [2.06, 4.69] 19% [11, 29] b 0 2 207 3.10 [1.38, 6.95] 18% [4, 38] 0 

Small for 

gestational age 
11 729 2.43 [1.33, 4.46] 18% [5.2, 33] 59 3 301 2.42 [0.82, 7.15] 17% [–2.8, 43] 56 

Low birthweight 3 323 3.17 [1.05, 9.62] 22% [0.7, 49] 58 – – – – – 

Neonatal intensive 

unit admission 
3 233 2.94 [1.65, 5.24] 26% [11, 39] b 0 – – – – – 

Miscarriage 1 35 1.33 [0.19, 9.31] 3.6% [–10.3, 45] – – – – – – 

Stillbirth 5 279 3.10 [1.32, 7.29] 12% [2, 28] 0 – – – – – 

Neonatal death 3 223 6.74 [2.54, 17.9] 22% [6.9, 43]  1 81 2.90 [0.10, 84] 8.4% [–4.6, 77] – 

Perinatal death 3 360 5.81 [2.27, 14.9] 12% [3.6, 29] 0 – – – – – 

Pregnancy lossc 9 654 4.39 [2.40, 8.02] 13% [6, 24] b 0 1 81 2.90 [0.10, 84] 8.4% [–4.6, 77] – 

CI, confidence interval; CKD, chronic kidney disease; OR, odds ratio; RD, risk difference. a For adjusted estimates, we followed the author’s definition: a study comparing adverse outcomes in CKD vs no 

CKD adjusted for factors including maternal age, smoking, body mass index, race, income, educational level, parity, and other comorbidities. Whereas the three studies comparing early vs late stages CKD 

adjusted for proteinuria and two of them adjusted for hypertension. b One study (Seah, 2020) did not report the number of events in each group for these outcomes; therefore, it was not added to the study 

event rates; c pregnancy loss included miscarriage, stillbirth, neonatal death and/or perinatal death effect estimates. 
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Table 4.2 Summary results of meta-analyses of adverse pregnancy outcomes in women with CKD compared to women without CKD, according to the 

cause of CKD 

Maternal/fetal 

outcome 

Crude estimates Adjusted Estimates 

No. of 

studies 

No. of 

participants 

Pooled OR 

(95% CI) 
RD (95% CI) I2, % 

No. of 

studies 

No. of 

participants 

Pooled OR 

(95% CI)a 
RD (95% CI) I2, % 

Pre-eclampsia           

Glomerulonephritis 

CKD 
4 2,758,078 6.52 [2.02, 21.1] 13% [2.7, 34] 88 1 2,756,102 2.13 [1.84, 2.47] 2.9% [2.2, 3.8] – 

Diabetic CKD 7 2,753,496 9.19 [6.05, 14.0] 18% [12, 26]b 57 2 2,752,847 2.80 [1.55, 5.05] 4.6% [1.5, 9.8] 67 

PKD 2 2,752,680 4.36 [3.32, 5.71] 8.3 [5.9, 11] 0 1 2,752,269 3.98 [2.98, 5.32] 7.4% [5, 10] – 

Unspecified CKD 5 2,778,417 5.30 [2.02, 13.9] 19% [5.5., 42] 95 3 2,776,363 2.27 [1.06, 4.87] 3.3% [0.2, 9.5] 94 

Caesarean section           

Glomerulonephritis 

CKD 
3 2,758,033 1.45 [1.15, 1.85] 4.5% [1.5, 8.1] 45 1 2,756,102 1.52 [1.38, 1.67] 5.1% [3.8, 6.5] – 

Diabetic CKD 4 2,752,369 3.08 [0.71, 13.3] 17% [–3.1, 52] 93 1 2,752,001 3.75 [2.76, 5.10] 22% [15, 29] – 

PKD 2 2,752,680 1.97 [1.03, 3.77] 9.1% [0.3, 22] 72 1 2,751,735 2.67 [2.14, 3.33] 15% [11, 19] – 

Unspecified CKD 4 2,778,105 1.98 [1.37, 2.86] 9.2%. [3.7, 16] 81 3 2,776,363 1.65 [1.21, 2.25] 6.3% [2.1, 11] 84 

Preterm birth <37 wk.         

Glomerulonephritis 

CKD 
4 2.758,147 5.98 [2.20, 16.3] 19% [5.5, 42] 95 1 2,756,102 2.20 [1.98, 2.44] 5.5% [4.5, 6.5] – 

Diabetic CKD 6 2,753,510 4.71 [1.46, 15.2] 17% [2.5, 43]b 96 1 2,752,001 4.76 [3.65, 6.21] 15% [11, 20] – 

PKD 2 2,752,680 2.12 [1.04, 4.30] 5.1% [0.2, 14] 71 1 2,752,269 2.55 [1.94, 3.35] 7% [4.4, 10] – 

Unspecified CKD 6 2,834,297 2.17 [1.62, 2.90] 5.4% [2.9, 8.5] 90 4 2,776.286 1.73 [1.31, 2.27] 3.4% [1.5, 5.8] 92 

Very preterm birth <34 wk.         

Glomerulonephritis 

CKD 
2 1,931 19.2 [10.4, 35.5] 15% [8.4, 25] 0 – – – – – 
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Diabetic CKD 5 1,558 4.28 [2.45, 7.47] 16% [7.6, 26]b 50 1 846 1.60 [0.64, 4.00] 3.2% [–2, 1.4] – 

PKD – – – – – – – – – – 

Unspecified CKD 3 2,830,087 2.15 [1.67, 2.76] 0.9% [0.6, 1.4] 53 3 2,831,885 2.28 [1.62, 3.21] 1.1% [0.5, 1.8] 76 

Small for gestational age         

Glomerulonephritis 

CKD 
2 2,757,646 1.77 [1.52, 2.07] 1.9% [1.3, 2.6] 0 1 2,756,102 1.54 [1.31, 1.81] 1.3% [0.8, 2] – 

Diabetic CKD 4 2,752,560 5.14 [2.52, 10.5] 9.3% [3.6, 19] 45 1 2,752,001 4.50 [2.92, 6.94] 8% [4.6, 13] – 

PKD 2 2,752,680 2.59 [1.84, 3.64] 3.8% [2, 6.1] 0 1 2,752,269 2.45 [1.66, 3.62] 3.5% [1.5, 6.1] – 

Unspecified CKD 5 2,778,428 2.49 [1.34, 4.61] 3.6%. [0.8, 8.2] 84 3 2,776,363 1.93 [1.06, 3.52] 2.3% [0.1, 5.9] 89 

Low birthweight           

Glomerulonephritis 

CKD 
– – – – – – – – – – 

Diabetic CKD 1 43 4.00 [0.80, 20.1] 24% [–2.2, 62] – – – – – – 

PKD – – – – – – – – – – 

Unspecified CKD – – – – – 1 1,556 2.38 [1.64, 3.44] 7.2% [3.5, 12] – 

Neonatal intensive unit admission         

Glomerulonephritis 

CKD 
– – – – – – – – – – 

Diabetic CKD 1 144 2.40 [1.40, 4.11] -b – – – – – – 

PKD – – – – – – – – – – 

Unspecified CKD – – – – – 1 1,556 1.80 [1.22, 2.66] 4% [1.1, 7.9] – 

Stillbirth           

Glomerulonephritis 

CKD 
1 2,756,102 1.31 [0.82, 2.09] 0.1% [–0.1, 0.4] – 1 2,756,102 1.12 [0.70, 1.79] 0.0% [–0.1, 0.3] – 

Diabetic CKD 1 2,752,001 5.75 [2.40, 13.8] 1.5% [0.5, 4.1] – 1 2,752,001 1.55 [0.64, 3.75] 0.2% [–0.1, 0.9] – 
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PKD 1 2,752,269 2.84 [1.18, 6.84] 0.6% [0.1, 1.9] – 1 2,752,269 2.73 [1.13, 6.60] 0.6% [0, 1.8] – 

Unspecified CKD 3 15,354,062 2.47 [0.72, 8.47] 0.6% [–0.1, 2.8] 99 3 15,354,062 1.67 [0.96, 2.92] 0.3% [0, 1.8] 94 

Perinatal death           

Glomerulonephritis 

CKD 
– – – – – – – – – – 

Diabetic CKD 2 422 4.07 [1.02, 16.2] 4.3% [0, 18] 0 – – – – – 

PKD – – – – – – – – – – 

Unspecified CKD – – – – – 1 1,556 0.50 [0.05, 5.53] –0.1% [–0.2, 1.1] – 

CI, confidence interval; CKD, chronic kidney disease; OR, odds ratio; PKD, polycystic kidney disease; RD, risk difference. a For adjusted estimates, we followed the author’s definition: these studies 

adjusted for factors including maternal age, smoking, body mass index, race, income, educational level, parity, and other comorbidities. b One study (Seah, 2020) did not report the number of events in each group 

for these outcomes; therefore, it was not added to the study event rates. 
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Table 4.3 Certainty of the evidence assessed using the GRADE approach for chronic kidney disease and adverse pregnancy outcomes 

Outcome 
№ of 

studies 

Certainty assessment Summary of findings 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Overall 

certainty of 

evidence 

Study event rates (%) 
Relative 

effect 

(95% CI)a 

Anticipated absolute effects 

No CKD CKD 
Risk with 

no CKD 

Risk difference with 

CKD 

Pre-eclampsiab 16 Serious c Not serious Not serious Serious d 
⨁⨁◯◯ 

LOW 

76290/2759512 

(2.8%) 

1299/24033 

(5.4%) 

OR 6.79 

(3.93, 11.8) 

28 per 

1,000 

134 more per 1,000 

(from 73 more to 222 

more) 

Preterm birth b 16 Serious c Not serious e Not serious Serious d 
⨁⨁◯◯ 

LOW 

145725/2812368 

(5.2%) 

2612/26949 

(9.7%) 

OR 2.88 

(2.16, 3.83) 
52 per 

1,000 

84 more per 1,000 

(from 54 more to 121 

more) 

Small for 

gestational age 
11 Serious c Serious f Not serious Serious d 

⨁◯◯◯ 

VERY 

LOW 

70589/2758432 

(2.6%) 

929/23966 

(3.9%) 

OR 2.36 

(1.61, 3.47) 
26 per 

1,000 

33 more per 1,000 

(from 15 more to 58 

more) 

Caesarean 

section 
11 Serious c Serious g Not serious Serious d 

⨁◯◯◯ 

VERY 

LOW 

327224/2758410 

(11.9%) 

4460/23961 

(18.6%) 

OR 1.58 

(1.32, 1.88) 
119 per 

1,000 

57 more per 1,000 

(from 32 more to 83 

more) 

Very Preterm 

birth b 
11 Serious c Not serious Not serious Serious d 

⨁⨁◯◯ 

LOW 

23648/2808571 

(0.8%) 

708/26417 

(2.7%) 

OR 4.70 

(2.92, 7.57) 
8 per 

1,000 

30 more per 1,000 

(from 16 more to 52 

more) 

Explanations 
a Pooled odds ratios presented are a combination of adjusted (when reported by included studies) and crude effect estimates; b One study (Seah, 2020) did not report the number of events in each group for these outcomes; therefore, 

it was not added to the study event rates. Contact with the author proved for this information proved unsuccessful; c Downgraded one level for risk of bias (included studies were observational, few studies reported adjusted effect 

estimates and confounding was judged to be a serious concern); d Downgraded one level for imprecision (included studies had very wide 95% confidence intervals); e Although heterogeneity levels between studies was high 

(I2=92), almost all estimates from forest plots consistently supported associations in the same direction; f Downgraded one level for inconsistency (due to a moderate level of heterogeneity that was not explained by subgroup 

analysis, as well as effect estimates in varying directions and crossing the line of no effect); g Downgraded one level for inconsistency (due to varying directions of effect estimates and some estimates crossing the line of no effect. 

Although heterogeneity was high, but that was mainly due to different causes of CKD) 
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Figure 4.1 PRISMA flow diagram of studies on the association between chronic 

kidney disease and adverse pregnancy outcome 
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A             Pre-eclampsia (crude estimates) 

 

B             Pre-eclampsia (adjusted estimates) 

 

C             Caserean section (crude estimates) 

 

D             Caserean section (adjusted estimates) 

 

Figure 4.2 Forest plots of studies of the association between chronic kidney disease and maternal 

complications 
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A             Preterm birth (<37 wk.) (crude estimates) 

 

B             Preterm birth (<37 wk.) (adjusted estimates) 

C             Small for gestational age (crude estimates) 

 

D             Small for gestational age (adjusted estimates) 

 

Figure 4.3 Forest plots of studies of the association between chronic kidney disease and 

fetal/neonatal outcomes 
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5.1 Abstract 

Background: Maternal chronic kidney disease (CKD) and chronic hypertension (CH) 

have been linked with adverse pregnancy outcomes. We aimed to examine the 

association between these conditions and adverse pregnancy outcomes over the last 

three decades.  

Objective: We conducted this national cohort study to assess the association between 

maternal chronic disease (CH, CKD or both conditions) and adverse pregnancy 

outcomes with an emphasis on the effect of parity, maternal age, and body mass index 

(BMI) on these associations over the last three decades. We further investigated 

whether different subtypes of CKD had differing effects.  

Methods: We used data from the Swedish Medical Birth Register (MBR), including 

2,788,490 singleton births between 1982 and 2012. Women with CKD and/or CH were 

identified from the MBR and National Patient Register. Logistic regression models 

were performed to assess the associations between maternal chronic disease (CH, 

CKD, or both conditions) on pregnancy outcomes, including pre-eclampsia (PE), 

emergency and elective Caesarean sections (CS), preterm birth (PTB), small for 

gestational age (SGA) and stillbirth. 

Results: During the 30-year study period, 22,397 (0.8%) babies were born to women 

with CKD, 13,279 (0.48%) to women with CH and 1,079 (0.04%) to women with both 

conditions. Associations with CH were strongest for PE [adjusted odd ratio (aOR): 

4.57, (95% confidence interval (CI), 4.33–4.84)], stillbirth [aOR: 1.65 (95% CI, 1.35–

2.03)], and weakest for spontaneous PTB [aOR: 1.07, (95% CI, 0.96–1.20)]. The effect 

of CKD varied from [aOR: 2.05, (95% CI, 1.92–2.19)] for indicated PTB to no effect 

for stillbirth [aOR: 1.16, (95% CI, 0.95–1.43)] . Women with both conditions had the 

strongest associations for emergency CS [aOR: 1.86, (95% CI, 1.49–2.32)], elective 

CS [aOR: 2.68, (95% CI, 2.18–3.28)], indicated PTB [aOR: 9.09, (95% CI, 7.61–

10.7)], and SGA [aOR: 4.52, (95% CI, 3.68–5.57)]. 

The results remained constant over the last three decades. Stratified analyses of the 

associations by parity, maternal age and BMI showed that adverse outcomes remained 
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 independently higher in women with these conditions, with worse outcomes in 

multiparous women. All CKD subtypes were associated with higher odds of PE, 

emergency CS and medically indicated PTB. Different subtypes of CKD had differing 

risks, strongest associations of PE [aOR: 3.98, (95% CI, 2.98–5.31)] and stillbirth 

[aOR: 2.73, (95% CI, 1.13–6.59)] were observed in women with congenital kidney 

disease. Whereas women with diabetic nephropathy had the most pronounced increase 

odds of emergency CS [aOR: 3.54, (95% CI, 2.06–6.09)], elective CS [aOR: 7.50, (95% 

CI, 4.74–11.9)], and SGA [aOR: 4.50, (95% CI, 2.92–6.94)]. Additionally, Women 

with renovascular disease had the highest increased risk of preterm birth, both 

spontaneous PTB [aOR: 3.01, (95% CI, 1.57–5.76)] and indicated PTB [aOR: 8.09, 

(95% CI, 5.73–11.4)]. 

Conclusion: Women with CH, CKD or with both conditions are at increased risk of 

adverse pregnancy outcomes which were independent of maternal age, BMI, and 

parity. Multidisciplinary management should be provided with intensive clinical 

follow-up to support these women during pregnancy, particularly multiparous women. 

Further research is needed to evaluate the effect of disease severity on adverse 

pregnancy outcomes.  
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5.2 Introduction 

Chronic kidney disease (CKD) affects up to 3% of pregnant women in developed 

countries (324). This estimated prevalence is expected to rise due to increasing 

maternal age and obesity rates. Previous reports from a meta-analysis (72, 73) and 

cohort studies (322, 325, 326) demonstrate that women with CKD have an increased 

risk of maternal and perinatal complications. A meta-analysis of 14 studies reported 

greater odds of pre-eclampsia (PE), caesarean section (CS), preterm birth (PTB), and 

small for gestational age (SGA)/ low birthweight in women with CKD than women 

without CKD (73). However, only four out of the 14 studies accounted for potential 

confounders such as maternal age and other comorbidities; and only six studies 

compared women with CKD with healthy pregnant women. The remaining eight 

studies enrolled patients with comorbidities of diabetes (diabetic nephropathy as an 

exposed group), which make it difficult to extend the results to the general population 

of women with other underlying causes of CKD. Moreover, most of the previous 

studies on CKD represent small, retrospective case series studies that were performed 

in a single centre and were of low methodological quality (72). Additionally, the effect 

size estimates of adverse outcomes vary between cohort studies (294, 301, 303), and 

this heterogeneity might be a result of lumping together different causes of CKD. 

However, limited studies have focused on pregnancy outcomes in women with specific 

subtypes of CKD. 

Similarly, a substantial number of pregnancies (0.6-3%) are complicated by chronic 

hypertension (CH) (14, 16). Previous systematic review (42) and observational studies 

(14, 43-45, 204, 224, 230) have linked maternal CH with adverse perinatal outcomes. 

A recent UK cohort study reported an increased risk of PE, elective CS, indicated PTB, 

stillbirth and SGA in women with CH compared to normotensive women (14). Some 

adverse perinatal outcomes, such as fetal growth restriction and PTB, are the most 

important contributors to increased perinatal morbidity and mortality (327-329). 

However, inconsistency exists among studies that investigated the association between 

CH and the risk of emergency CS (14, 43) and spontaneous PTB (44, 45). Despite the 

reported associations between maternal CH and CKD on the risk of adverse pregnancy 

outcomes, it is not clear whether these outcomes have improved over the last decades. 

Piccoli et al. (2015), reported that CH affects 22–54% of pregnant women with CKD, 

depending on the severity of kidney disease (322). Although previous studies have 



 

131 

 

assessed the effect of maternal CH and CKD on adverse pregnancy outcomes, the 

evidence is limited on the combined effect of CKD and CH on adverse pregnancy 

outcomes and on the effect of CKD subtypes on adverse pregnancy outcomes. The role 

of maternal age, parity, and obesity in the associations between CKD and CH on 

adverse pregnancy outcomes is also unclear and requires further exploration in terms 

of potential confounding and effect modification. We conducted this national cohort 

study to assess the association between maternal chronic disease (CH, CKD or both 

conditions) and adverse perinatal outcomes with an emphasis on the effect of parity, 

maternal age, and BMI on these associations over the last three decades. We further 

investigated the associations among women with CKD subtypes. 

5.3 Methods 

5.3.1 Study design, data source and participants 

This nationwide cohort study used data from the Swedish Medical Birth Registry 

(MBR), which contains prenatal and birth information for nearly all births (>99%) in 

Sweden since 1973 (102). Data were gathered prospectively from the first antenatal 

visit, including demographic information, reproductive history, pregnancy outcomes 

and complication during pregnancy, delivery and antenatal period. All disease and 

complications during pregnancy and/or delivery are classified according to the Swedish 

version of the International Classification of Diseases (ICD), using the eighth revision 

(ICD‐8) until 1986, the ninth revision (ICD‐9) from 1987 until 1996 and the tenth 

revision (ICD‐10) since 1997.  

The study cohort consisted of all registered births to women who had their first 

recorded delivery between January 1982 and December 2012. We excluded multiple 

births to improve internal comparability as multiple gestations have an increased risk 

of obstetric complications, including intrauterine growth restriction and preterm birth 

(330). We also excluded births before 1982 because data were poorly recorded, such 

as lack of information on maternal smoking and BMI, and to be able to adjust for 

maternal reproductive history (e.g. parity). We also used hospitalization data from the 

Swedish National Patient Register (NPR), that included inpatient data from 1964 and 

outpatient data from 2000 onwards, to identify women with CH or CKD (109). Data 

from MBR and NPR registers were linked using the anonymized unique national 

identification number. Ethical approval was obtained from the Swedish Ethical Review 
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Authority in Stockholm in, Sweden (Regionala Etikprovningsnamnden Stockholm) 

and the Social Research and Ethics Committee, University College Cork (#2019-214). 

5.3.2 Exposures 

Data on diagnoses of CH and CKD were obtained from the MBR and NPR using ICD 

codes. Similarly, we further identified the following CKD subtypes diagnoses 

tubulointerstitial, glomerular/proteinuric, diabetic nephropathy, renovascular disease, 

congenital/malformation kidney disease (women with Congenital Abnormalities of the 

Kidney and Urinary Tract (CAKUT)) and unspecified CKD using ICD codes from 

MBR and NPR (Appendix 5, Table S5.1). 

5.3.3 Outcome measures 

Pre-eclampsia was defined as at least two diastolic blood pressure measurements of 

≥90 mmHg, combined with proteinuria (≥0.3 g/day or ≥1+ on a urine dipstick), and 

this was obtained from primary and secondary maternal diagnoses in the MBR using 

ICD-codes. Elective and emergency CS were defined as pre-labor and in-labor CS, 

respectively.  

Preterm birth was categorized as spontaneous PTB (<37 weeks’ gestation) and 

medically indicated PTB (<37 weeks’ gestation). We further classified PTB into 

extreme preterm (<28 weeks), severe preterm (28-31 weeks), moderated preterm (32-

33 weeks), and near term (34-36 weeks) delivery (136). Stillbirth (antepartum and 

intrapartum fetal death) was defined as fetal loss after 28 completed weeks (until June 

2008), but that was changed to fetal loss after 22 completed weeks since July 2008 

(137). SGA was defined as a birthweight below two standard deviations of the mean 

birthweight of the sex-specific and gestational age distributions. 

5.3.4 Potential confounders 

The following potential confounders were considered in the analysis: maternal age, 

smoking, BMI, parity, country of origin, asthma, diabetes, cardiovascular disease, and 

highest education level. 

5.3.5 Statistical analysis 

Data on the maternal and fetal characteristics are presented according to CH and CKD 

status using frequency and percentages for categorical variables and mean with 

standard deviation (SD) for continuous variables. Crude and adjusted logistic 
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regression models were performed to calculate the odds ratios (OR) with 95% 

confidence intervals (CIs) for the association between maternal CKD and CH and each 

of the adverse pregnancy outcomes. 

The exposure variable was represented in the models as a four-category variable: (1) 

normotensive women without CKD (reference group); (2) women with CH; (3) women 

with CKD; and (4) women with CH and CKD. We performed a separate analysis to 

investigate the effect of different subtypes of CKD on adverse pregnancy outcomes 

with the same reference group. In this analysis, separate categories were created for 

women with CH and for those without information on specific subtypes CKD. 

The potential confounders were included in the models as categorical variables as 

presented in Table 5.1, in addition to offspring year of birth. Where there were missing 

data on smoking during pregnancy and maternal BMI, we added a missing data 

category in the variable. All analyses of PTB were compared to term babies. For 

elective and emergency CS, we analyzed each outcome separately compared to 

spontaneous birth.  

We conducted stratified analyses to investigate the associations over five-year periods 

from 1982 to 2012 to assess whether the associations changed over time (for sensitivity 

and subgroup analyses, see Appendix 5). All analyses were performed using Stata/MP 

16.1, and a p-value <0.05 was considered to be statistically significant. 

5.4 Results 

This study consisted of 2,788,490 singleton births from 1,420,846 women born 

between 1982–2012 (972,136 women had more than one birth during the study period);  

 the flow diagram of participants is shown in Appendix 5 (Figure S5.1). During the 

study period, 22,397 (0.80%) babies were born to women with CKD; 13,279 (0.48%) 

were born to women with CH and 1,079 (0.04%) babies were born to women with both 

conditions (CKD and CH). The prevalence of pregnant women with CH and CKD have 

increased over the last three decades (Appendix 5, Figure S5.2). 

The socio-demographic characteristics of the women are presented in Table 5.1. 

Women with CKD, CH or with both conditions were older on average and had higher 

BMI and were more likely to have diabetes, cardiovascular disease and asthma, with 

the highest percentage of comorbidities among women with both conditions. Women 

with CKD were more likely to be smokers (20%), whereas similar percentages of non-
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smokers were found for women with CH and those with a combination of both 

conditions (84% and 81%, respectively). 

Adverse perinatal outcomes among women with CH, CKD, or with both conditions 

Table 5.2 shows the ORs for perinatal outcomes. After controlling for confounding 

factors, CH, CKD, or both conditions remained significantly associated with adverse 

perinatal outcomes. Women with CH had higher odds of PE [4.57, (95% CI, 4.85–

6.46)], emergency CS [1.70, (95% CI, 1.60–1.80)], elective CS [1.73, (95% CI, 1.62–

1.84)], indicated PTB [aOR: 3.90, (95% CI, 3.66–4.15)]. However, no association was 

found between maternal CH and spontaneous PTB [aOR: 1.07, (95% CI, 0.96, 1.20). 

When we further explored the impact of CH on different categories of PTB, extreme, 

severe, and moderate PTB were also considerably higher among women with CH 

compared to normotensive women. Stillbirth and SGA were associated with CH [aOR: 

1.65, (95% CI,1.35–2.03), aOR: 3.55, (95% CI, 3.31–3.80) respectively]. 

Women with CKD in pregnancy had higher odds of PE [aOR: 1.61 (95% CI, 1.51–

1.73)], emergency CS [aOR: 1.36, (95% CI, 1.29–1.43)] and elective CS [aOR: 1.60, 

(95% CI, 1.52–1.69)], compared to normotensive women without CKD. Maternal CKD 

was associated with both spontaneous PTB [aOR: 1.24, (95% CI, 1.15–1.33)] and 

indicated PTB [aOR: 2.05, (95% CI, 1.92–2.19)]. Additionally, mothers with CKD had 

almost double the odds of extreme, severe, and moderate preterm delivery compared 

to normotensive women (Table 5.2). Maternal CKD was also associated with higher 

odds of SGA [aOR: 1.29 (95% CI, 1.19–1.39)]. However, the association with stillbirth 

did not reach a significant level in the adjusted model [aOR: 1.16, (95% CI, 0.95–

1.43)]. 

Stronger associations were found in women with both conditions (Table 5.2). Women 

with both conditions (CH and CKD) had approximately a four-fold increased odds of 

PE [aOR: 4.16 (95% CI, 3.40–5.09)] compared to normotensive women without CKD. 

Similarly, women with both conditions had higher odds of emergency and elective CS 

[aOR: 1.86 (1.49–2.32), aOR: 2.68 (2.18–3.28), respectively], medically indicated PTB 

[aOR: 9.09, (95% CI, 7.61–10.7)], and extreme PTB (<28 wk.), [aOR: 14.7, (95% CI, 

10.1–21.3)]. The adjusted estimates for severe and moderate PTB were also 

significantly higher among women with both conditions than other groups (Table 5.2). 

Mothers with both conditions were more likely to have SGA babies [aOR: 4.52, (95% 
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CI, 3.68–5.57)]. Nevertheless, no effect was found for both conditions on spontaneous 

PTB and stillbirth. Additionally, the strength of associations between both conditions 

and adverse pregnancy outcomes were attenuated after adjusting for diabetes, and that 

might reflect the high percentage of diabetes among these women (26%). 

Adverse maternal and perinatal outcomes among women with subtypes CKD 

Table 5.3 shows the incidence and the associations between CKD subtypes and adverse 

perinatal outcomes. All CKD subtypes were associated with higher odds of PE, 

emergency CS and medically indicated PTB. Women with diabetic nephropathy had 

noticeable higher odds for adverse outcomes. However, after adjusting for potential 

confounders, women with diabetic nephropathy had the strongest associations for 

emergency CS [aOR: 3.54 (95% CI, 2.06–6.09)], elective CS [aOR: 7.50, (95% CI, 

4.74–11.9)], and SGA [aOR: 4.50, (95% CI, 2.92–6.94)]. While women with 

congenital kidney disease had the most pronounced increase odds of PE [aOR: 3.98, 

(95% CI, 2.98–5.31)] and stillbirth [aOR: 2.73, (95% CI, 1.13–6.59)]. The associations 

of preterm birth were stronger in women with renovascular disease [spontaneous PTB, 

aOR: 3.01. (95% CI, 1.57–5.76), and indicated PTB, aOR: 8.09, (95% CI, 5.73–11.4)]. 

Adverse perinatal outcomes among women with CH, CKD or with both conditions 

over the last three decades  

When we assessed the association between maternal CH, CKD, and a combination of 

both conditions over five-year periods, there were no clear patterns of these 

associations over time (Figure 5.1 & Appendix 5, Table S5.2). However, a noticeable 

reduction in the odds of elective CS and PTB were observed in the last five year (2007–

2012) in women with CH, CKD and in those with both conditions. The results of the 

subgroup and sensitivity analyses are presented in Appendix 5 (Tables S5.3-S5.6). 

5.5 Discussion 

This large cohort study demonstrated that maternal and fetal complications remain high 

in women with CKD, CH or with both conditions, and these higher risks persisted 

independently of parity, maternal age, and BMI. Multiparous women with these 

conditions had worse outcomes than nulliparous women. This study adds significantly 

to the literature as we used a large cohort, which allowed us to undertake further 

analyses and investigate the effect of different subtypes of CKD. Our findings suggest 

that the risk of adverse pregnancy outcomes were higher in women with diabetic 
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nephropathy, renovascular disease and in those with congenital kidney disease than 

other CKD subtypes. 

Our findings on the association between maternal CH and adverse perinatal outcomes 

are consistent with previous population-based studies on PE (12, 14, 201, 211), 

stillbirth (13, 14, 253), medically indicated PTB (14, 44, 218, 231), and SGA (14, 51, 

235). However, two studies reported adjusted results for elective CS; a recent UK 

cohort study suggested an association (14), whereas a Netherlands study did not find 

an association between CH and elective CS (12). Interestingly, we found a lack of 

relationship between CH and spontaneous PTB, and this was consistent with the 

findings from two previous cohort studies (14, 44). Few previous reports evaluated the 

effects of maternal age and other characteristics on the associations between CH and 

adverse pregnancy outcomes. A Canadian cohort study, including 134,088 women, 

reported higher prevalence of CS (without specifying its type) among older women 

with CH (258), and that similar to our results for elective and emergency CS. 

We have conducted the largest study of pregnancy outcomes in women with CKD from 

the last three decades. In consistent with our findings, previous studies have reported 

an association between CKD and adverse pregnancy outcomes (72, 73). Moreover, in 

our study, the adjusted odds of PE in patients with CKD was 1.61, which is lower than 

the reported pooled estimate in a meta-analysis of nine studies on PE (OR=10.36) (73). 

However, only three out of the nine studies adjusted for confounding variables (294, 

301, 303), whereas six of these studies included patients with diabetic nephropathy. 

Our results of PE in women with diabetic nephropathy were similar with an odds ratio 

of 8.45, but that decreased to 2.17 after adjustment for confounders. Although 

pregnancy complications were higher in women with CKD, the live birth rate was high 

as we found a non-significant relationship between maternal CKD and stillbirth. 

Previous US study, including 502,186 singleton births, reported higher rate of stillbirth 

in women with CKD (6.4%) versus those without (0.3%) (326), but they did not report 

adjusted estimate. The result from a meta-analysis suggested an association between 

pregnancy failure with maternal CKD; however, the outcome was a composite of 

stillbirth, fetal death, and neonatal death together (73). None of the previous studies on 

CKD have evaluated the effect of maternal socio-demographic factors on adverse 

perinatal outcomes.  
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There is also limited research on the risk of adverse pregnancy outcomes among women 

with specific kidney disease. Our study is the first to demonstrate the adverse 

pregnancy outcomes in women with congenital kidney disease. A previous case series 

of 37 pregnancies in 20 patients, evaluating the effect of congenital urinary tract 

abnormality and reconstruction on pregnancy, reported a higher rate of PE and CS than 

the general obstetric population, whereas no adverse infants outcomes were reported 

(331). A recent retrospective cohort study by Li et al. (2018), in pregnancies with 

chronic glomerulonephritis, reported higher rates of premature delivery, low birth 

weights, and intrauterine growth restriction compared to pregnancy without CKD 

(332). Although our results in women with glomerular CKD are similar to this study, 

adjusted estimates were not reported, and it used data from a single centre with a small 

sample size (N=114). 

Women with CH, CKD or with both conditions should be monitored carefully during 

pregnancy and delivery, specifically multiparous women and women with diabetic 

nephropathy, congenital kidney disease or renovascular disease. Multidisciplinary 

antenatal management, including nephrologists and obstetricians, should be provided 

with intensive clinical follow-up to support women with CKD during pregnancy and 

importantly in the postnatal period. Although Kidney Disease Outcomes Quality 

Initiative and National Institute of Health and Care Excellence (NICE) have not 

provided specific guidance on the management of kidney disease during pregnancy, 

the available guidance recommended that women with CKD should be offered 

preconception counselling by a multidisciplinary team and blood pressure should be 

optimized before pregnancy (67, 333). Additionally, a blood pressure goal of less than 

140/90 mmHg has been recommended with close surveillance during pregnancy for 

women with CKD (67, 333). Similarly, the available guidance from NICE and The 

American College of Obstetricians & Gynecologists (ACOG) recommend that women 

with CH should be assessed before conception and monitored closely for the potential 

development of adverse complications during pregnancy (33, 38). 

Future research should consider severity of maternal disease (CH and CKD) when 

assessing the association with adverse perinatal outcomes. Moreover, more population-

based studies are needed to evaluate the impact of specific kidney disease on adverse 



 

138 

 

perinatal outcomes as well as therapeutic interventions to improve maternal and fetal 

outcomes. 

Strengths and limitations 

Our study has several strengths. First, unlike most of the previous studies focusing on 

the effects of CH or CKD, we performed three groups based on the existence of each 

chronic condition alone or a combination of both. Second, we used data from MBR 

which contains data on approximately all births in Sweden, and that increases the 

generalizability of our findings and eliminate selection bias. Third, prospective 

collection of data from MBR on maternal and fetal characteristics. Forth, detailed 

information on maternal characteristics and a wide range of well-defined adverse 

pregnancy outcomes enabled us to control for risk factors associated with adverse 

perinatal outcomes. Fifth, we used data over 30 years, and that allowed us to assess the 

associations over time. Sixth, the large number of participants allowed us to stratify the 

associations by maternal characteristics.  

This study has some limitations need to be addressed. The observational nature of our 

study introduces a potential issue of residual confounder. However, we adjusted for a 

vast number of important confounders. We also conducted stratified analyses according 

to maternal characteristics (maternal age, BMI, and parity) to further understand their 

effects on the associations. Other limitations refer to missing values for smoking during 

pregnancy, and BMI of the study cohort. However, as mentioned in the method section, 

an indicator category was created for missing values to adjust for this issue in the 

analysis phase. In the current study, we did not evaluate the effect of disease severity 

on adverse outcome, but these is beyond the scope of this investigation. 

5.6 Conclusions 

Our findings showed that adverse pregnancy outcomes increase in women with CH, 

CKD or with both conditions and that was independent of maternal age, BMI, and 

parity. Multiparous women with these conditions had worse adverse perinatal 

outcomes. Women with these conditions should be monitored carefully during 

pregnancy and delivery. Larger prospective studies are needed to assess the effect of 

disease severity and specific kidney disease on adverse pregnancy outcomes. 
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Table 5.1 Maternal characteristics in the Swedish Medical Birth Registry 1982– 2012 (including singleton 

pregnancies 1982-2012, N= 2,788,490) 

 
Normotensive 

N= 2,751,735* 

Chronic hypertension 

(CH) N=13,279 

Chronic kidney 

disease (CKD)  

N= 22,397 

Women with 

CH & CKD 

N=1,079 

Maternal age n (%) n (%) n (%) n (%) 

<20 70,097 (2.6) 60 (0.5) 586 (2.6) 24 (2.2) 

20-24 523,437 (19) 1,134 (8.5) 4,106 (18) 149 (14) 

25-29 954,962 (35) 3,323 (25) 7,173 (32) 277 (26) 

30-34 807,727 (29) 4,508 (34) 6,651 (30) 318 (29) 

35-39 334,592 (12) 3,189 (24) 3,213 (14) 254 (23.5) 

≥40 60,920 (2.2) 1,065 (8.0) 668 (3) 57 (5.3) 

 Mean (SD) 28.8 (5.2) 31.8 (5.3) 29.2 (5.4) 30.7 (5.7) 

Smoking     

No  2,185,536 (79) 11,225 (84) 16,779 (75) 876 (81) 

1-9 cigarettes/day 261,543 (9.5) 950 (7.2) 2,851 (12.7) 114 (11) 

≥10 cigarettes/day 131,733 (4.8) 521 (3.9) 1,636 (7.3) 41 (3.8) 

Missing  172,923 (6.3) 583 (4.4) 1,131 (5.1) 48 (4.6) 

Body mass index, kg/m2a 

Underweight 78,868 (2.9) 137 (1.0) 703 (3.1) 26 (2.4) 

Normal 1,403,343 (51) 4,380 (33) 11,322 (51) 466 (43) 

Overweight  459,262 (17) 3,210 (24) 4,198 (19) 216 (20) 

Obese  182,752 (6.6) 2,889 (22) 1,919 (8.6) 166 (15) 

Missing 627,510 (23) 2,663 (20) 4,255 (19) 205 (19) 

Parity     

1 1,306,244 (47) 5,429 (41) 9,789 (44) 510 (47) 

2 986,445 (36) 4,836 (36) 7,901 (35) 384 (36) 

3 or more 459,046 (17) 3,014 (23) 4,707 (21) 185 (17) 

Country of Origin     

Sweden 2,267,401 (83) 11,412 (86) 18,401 (82) 890 (83) 

Other Scandinavian  79,440 (2.9) 537 (4) 521 (2.3) 31 (2.9) 

Elsewhere 392,907 (14) 1,306 (9.8) 3,405 (15) 154 (14) 

Missing 11,987 (0.4) 24 (0.2) 70 (0.3) 4 (0.4) 

DM 17,475 (0.64) 720 (5.5) 541 (2.4) 280 (26) 

CVD 3,059 (0.11) 98 (0.74) 71 (0.32) 22 (2.04) 

Asthma 124,003 (4.5) 1,007 (7.6) 1,853 (8.3) 186 (17) 

DM, diabetes mellitus; CVD, cardiovascular disease. *Normotensive women refer to women without hypertension and chronic 

kidney disease. a Underweight (BMI<18.5 kg/m2); Normal (BMI≥18.5 to <25 kg/m2); Overweight (BMI ≥25 to <30 kg/m2); and 

Obese (BMI ≥30 kg/m2) 
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Table 5. 2 The association between maternal chronic diseases and perinatal outcomes (singleton pregnancies 1982–2012) 

Outcome  

Pregnancies of 

normotensive women 

N= 2,751,735 

Chronic hypertension 

(CH) N=13,279 

Chronic kidney disease 

(CKD) N= 22,397 

CH & CKD 

N=1,079 

Pre-eclampsia, n (%) 75,931 (2.76) 1,938 (14.6) 979 (4.37) 175 (16.2) 

Crude OR (95% CI)* Reference 6.15 (5.85, 6.46) 1.64 (1.53, 1.76) 7.01 (5.93, 8.29) 

Adjusted OR (95% CI)a Reference 4.57 (4.33, 4.84) 1.61 (1.51, 1.73) 4.16 (3.40, 5.09) 

Emergency CS, n (%) 176,081 (7.89) 1,706 (17.8) 1,919 (11.3) 179 (24.6) 

Crude OR (95% CI)* Reference 2.30 (2.18, 2.43) 1.37 (1.30, 1.44) 3.27 (2.73, 3.91) 

Adjusted OR (95% CI)b Reference 1.70 (1.60, 1.80) 1.36 (1.29, 1.43) 1.86 (1.49, 2.32) 

Elective CS, n (%) 149,199 (6.77) 1,559 (16.6) 1,978 (11.7) 213 (27.9) 

Crude OR (95% CI)* Reference 2.73 (2.58, 2.89) 1.82 (1.72, 1.92) 5.36 (4.53, 6.33) 

Adjusted OR (95% CI)b Reference 1.73 (1.62, 1.84) 1.60 (1.52, 1.69) 2.68 (2.18, 3.28) 

Spontaneous PTB (<37wk.), n (%) 67,792 (2.53) 369 (3.10) 749 (3.52) 40 (4.94) 

Crude OR (95% CI)* Reference 1.12 (1.00, 1.24) 1.29 (1.20, 1.40) 1.73 (1.23, 2.43) 

Adjusted OR (95% CI)b Reference 1.07 (0.96, 1.20) 1.24 (1.15, 1.33) 1.18 (0.83, 1.69) 

Medically indicated PTB(<37wk.), n (%)    72,935 (2.72) 1,362 (10.6) 1,146 (5.29) 269 (25.9) 

Crude OR (95% CI)* Reference 4.89 (4.60, 5.20) 2.27 (2.13, 2.42) 15.6 (13.4, 18.3) 
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Adjusted OR (95% CI)b Reference 3.90 (3.66, 4.15) 2.05 (1.92, 2.19) 9.09 (7.61, 10.7) 

Extreme preterm (<28 wk.), n (%) 6,091 (0.23) 119 (1.02) 114 (0.55) 33 (4.11) 

Adjusted OR (95% CI)b Reference 3.72 (3.08, 4.49) 2.16 (1.77, 2.764 14.7 (10.1, 21.3) 

Severe preterm (28-31 wk.), n (%) 13,749 (0.52) 301 (2.54) 207 (1.0) 50 (6.10) 

Adjusted OR (95% CI)b Reference 4.22 (3.74, 4.77) 1.82 (1.59, 2.09) 8.50 (6.20, 11.6) 

Moderated preterm (32-33 wk.), n(%) 16,955 (0.65) 280 (2.37) 256 (1.23) 54 (6.55) 

Adjusted OR (95% CI)b Reference 3.28 (2.89, 3.72) 1.81 (1.59, 2.06) 6.44 (4.72, 8.79) 

Near term (34-36 wk.), n (%) 103,932 (3.83) 1,031 (8.2) 1,318 (6.04) 172 (18.3) 

Adjusted OR (95% CI)b Reference 1.99 (1.86, 2.12) 1.54 (1.45, 1.63) 3.43 (2.84, 4.14) 

Stillbirth, n (%) 9,135 (0.33) 98 (0.74) 94 (0.42) 7 (0.65) 

Crude OR (95% CI)* Reference 2.23 (1.83, 2.73) 1.27 (1.03, 155) 1.96 (0.93, 4,12) 

Adjusted OR (95% CI) b Reference 1.65 (1.35, 2.03) 1.16 (0.95, 1.43) 1.15 (0.55, 2.41) 

Small for gestational age, n (%) 70,202 (2.55) 1,047 (7.88) 755 (3.37) 111 (10.3) 

Crude OR (95% CI)* Reference 3.42 (3.20, 3.65) 1.39 (1.28, 1.50) 4.65 (3.81, 5.67) 

Adjusted OR (95% CI)b Reference 3.55 (3.31, 3.80) 1.29 (1.19, 1.39) 4.52 (3.68, 5.57) 

CH, chronic hypertension; CKD, chronic kidney disease; CS, Caesarean section.*All crude and adjusted estimates cluster on mothers’ id and adjusted for year of birth; a adjusted for 

maternal age, educational level, smoking, BMI, country of origin, parity, other comorbidities (diabetes, cardiovascular disease, asthma), birth year and child’s gender; b adjusted for 

maternal age, educational level, smoking, BMI, country of origin, parity, other comorbidities (diabetes, cardiovascular disease, asthma) and birth year 
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Table 5.3 The association between subtypes chronic kidney disease and perinatal outcomes (singleton pregnancies 1982–2012) 

                                                      Outcome 

Exposure 

Pre-eclampsia 

           Cases, n (%)                               Crude OR (95% CI)*                     Adjusted OR (95% CI)a 

Normotensive without CKD (n= 2,751,735) 75,931 (2.8) Reference Reference 

 Tubulointerstitial (n=1,784) 73 (4.1) 1.63 (1.27, 2.10) 1.55 (1.20, 2.03) 

Glomerular (n= 4,367) 247 (5.7) 2.18 (1.89, 2.52) 2.13 (1.84, 2.47) 

Diabetic nephropathy (n=266) 52 (20) 8.45 (6.12, 11.7) 2.17 (1.54, 3.04) 

Renovascular disease (n=220) 25 (11) 4.33 (2.74, 6.85) 3.64 (2.18, 6.09) 

CAKUT (n=534) 58 (11) 4.34 (3.29, 5.72) 3.98 (2.98, 5.31) 

Other/unspecified CKD (n=6,431) 277 (4.3) 1.59 (1.40, 1.82) 1.59 (1.39, 1.81) 

 Emergency Cesarean section 

 Cases, n (%)                               Crude OR (95% CI)*                     Adjusted OR (95% CI)b 

Normotensive without CKD (n= 2,231,697)  176,081 (7.9) Reference Reference 

 Tubulointerstitial (n=1,435) 193 (13) 1.23 (1.04, 1.45) 1.29 (1.09, 1.53) 

Glomerular (n= 3,349) 432 (13) 1.48 (1.32, 1.66) 1.43 (1.27, 1.61) 

Diabetic nephropathy (n=109) 62 (57) 15.4 (9.57, 24.7) 3.54 (2.06, 6.09) 

Renovascular (n=161) 27 (17) 3.10 (2.08, 4.64) 2.73 (1.78, 4.18) 

CAKUT (n=355) 55 (16) 1.99 (1.45, 2.72) 1.99 (1.44, 2.75) 

Other/unspecified CKD (n=5,045) 540 (11) 1.35 (1.23, 1.49) 1.40 (1.27, 1.55) 

 Elective Cesarean section 

 Cases, n (%)                               Crude OR (95% CI)*                     Adjusted OR (95% CI)b 

Normotensive without CKD (n= 2,204,815)   149,199 (6.8) Reference Reference 
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 Tubulointerstitial (n=1,372) 130 (9.5) 1.44 (1.18, 1.76) 1.15 (0.94, 1.42) 

Glomerular (n= 3,356) 439 (13) 2.07 (1.84, 2.33) 1.68 (1.48, 1.90) 

Diabetic nephropathy (n=152) 105 (69) 30.8 (20.6, 45.8) 7.50 (4.74, 11.9) 

Renovascular disease (n=169) 35 (21) 3.60 (2.45, 5.30) 4.02 (2.66, 6.08) 

CAKUT (n=386) 86 (22) 3.95 (3.05, 5.11) 4.19 (3.19, 5.49) 

Other/unspecified CKD (n=5,058) 553 (11) 1.69 (1.52, 1.88) 1.55 (1.39, 1.72) 

 Spontaneous preterm birth (<37 wk.) 

 Cases, n (%)                               Crude OR (95% CI)*                     Adjusted OR (95% CI)a 

Normotensive without CKD (n= 2,678,800) 67,792 (2.5) Reference Reference 

 Tubulointerstitial (n=1,705) 55 (3.2) 0.89 (0.67, 1.18) 0.82 (0.62, 1.09) 

Glomerular (n= 4,063) 196 (4.8) 1.71 (1.46, 2.01) 1.60 (1.37, 1.89) 

Diabetic nephropathy (n=142) 8 (5.6) 2.22 (1.08, 4.57) 0.90 (0.43, 1.89) 

Renovascular disease (n=165) 10 (6.1) 3.25 (1.69, 6.23) 3.01 (1.57, 5.76) 

CAKUT (n=483) 19 (3.9) 1.45 (0.90 2.36) 1.33 (0.82, 2.16) 

Other/unspecified CKD (n=6,024) 174 (2.9) 1.11 (0.95, 1.30) 1.08 (0.93, 1.27) 

 medically indicated preterm birth 

 Cases, n (%)                               Crude OR (95% CI)*                     Adjusted OR (95% CI) b 

Normotensive without CKD (n= 2,683,943) 72,935 (2.7) Reference Reference 

 Tubulointerstitial (n=1,729) 79 (4.6) 3.11 (2.43, 3.97) 2.74 (2.15, 3.50) 

Glomerular (n= 4,171) 304 (7.3) 3.62 (3.17, 4.12) 3.10 (2.71, 3.53) 

Diabetic nephropathy (n=258) 124 (48) 32.9 (25.1, 43.1) 6.52 (4.94, 8.6) 

Renovascular disease (n=210) 55 (26) 9.94 (7.05, 14.0) 8.09 (5.73, 11.4) 
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CAKUT (n=515) 51 (10) 4.11 (3.02, 5.60) 3.73 (2.72, 5.11) 

Other/unspecified CKD (n=6,257) 407 (6.5) 2.57 (2.29, 2.87) 2.38 (2.13, 2.67) 

 Stillbirth 

 Cases, n (%)                               Crude OR (95% CI)*                     Adjusted OR (95% CI)b 

Normotensive without CKD (n= 2,751,735) 9,135 (0.33) Reference Reference 

 Tubulointerstitial (n=1,784) 8 (0.45) 1.36 (0.68, 2.71) 1.28 (0.64, 2.56) 

Glomerular (n= 4,367) 19 (0.44) 1.31 (0.82, 2.11) 1.12 (0.70, 1.79) 

Diabetic nephropathy (n=266) 5 (1.88) 5.75 (2.40, 13.8) 1.55 (0.64, 3.76) 

Renovascular disease (n=220) 2 (0.91) - - 

CAKUT (n=534) 5 (0.94) 2.84 (1.18, 6.82) 2.73 (1.13, 6.59) 

Other/unspecified CKD (n=6,431) 18 (0.28) 0.84 (0.53, 1.34) 0.80 (0.50, 1.26) 

 Small for gestational age 

 Cases, n (%)                            Crude OR (95% CI)*                      Adjusted OR (95% CI)b 

Normotensive without CKD (n= 2,751,735) 70,202 (2.6) Reference Reference 

 Tubulointerstitial (n=1,784) 54 (3.0) 1.43 (1.09, 1.87) 1.25 (0.94, 1.65) 

Glomerular (n= 4,367) 184 (4.2) 1.81 (1.54, 2.12) 1.54 (1.31, 1.81) 

Diabetic nephropathy (n=266) 26 (9.8) 4.01 (2.65, 6.08) 4.50 (2.92, 6.94) 

Renovascular disease (n=220) 24 (11) 4.28 (2.77, 6.60) 3.28 (2.06, 5.20) 

CAKUT (n=534) 35 (6.6) 2.73 (1.89, 3.95) 2.45 (1.66, 3.60) 

Other/unspecified CKD (n=6,431) 223 (3.5) 1.39 (1.20, 1.60) 1.35 (1.17, 1.56) 

CAKUT, Congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease. * All crude estimates cluster on mothers’ id and adjusted for year of birth; a adjusted for 

maternal age, educational level, smoking, BMI, country of origin, parity, other comorbidities (diabetes, cardiovascular disease, asthma), birth year and child’s gender; b adjusted for 

maternal age, educational level, smoking, BMI, country of origin, parity, other comorbidities (diabetes, cardiovascular disease, asthma) and birth year. 
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Figure 5.1 Adjusted estimates of the associations between maternal chronic disease and adverse pregnancy outcomes over time (1982-2012) 
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CHAPTER 8: Discussion and Conclusions 
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8.1 Chapter overview 

The overall aim of this thesis was to examine the impact of maternal chronic 

hypertension and/or CKD on the risk of adverse pregnancy outcomes and long-term 

CVD. In particular, this work includes three systematic reviews (two papers) of the 

current published literature and two original studies on the impact of CKD, chronic 

hypertension, antihypertensive treatment on adverse pregnancy outcomes. Also, this 

thesis contains an original study on the associations between pre-pregnancy 

hypertension and future CVD. In this chapter, the main findings of this thesis are 

summarised, and the overall strengths and limitations, as well as the implications for 

clinical practice, are discussed with recommendations for future research, and overall 

conclusions. 

 8.2 Summary of main findings 

8.2.1 Findings from the systematic reviews and meta-analyses 

8.2.1.1 Systematic review and meta-analyses of chronic hypertension and 

antihypertensive treatment on adverse pregnancy outcomes 

Two systematic reviews and meta-analyses were conducted separately to synthesise 

the available published literature on the impact of (1) chronic hypertension, and (2) 

antihypertensive treatment on adverse pregnancy outcomes (Chapter 3). Both reviews 

were based on a registered protocol (Appendix 1). Comprehensive searches were 

conducted, and studies published until January 2019 were included for the effect of 

chronic hypertension, and until May 2019 for the effect of antihypertensive treatment. 

The systematic review on chronic hypertension and adverse pregnancy outcomes 

included a total of 81 studies that had reported associations between chronic 

hypertension and a range of adverse pregnancy outcomes. The pooled adjusted 

estimates suggested that women with chronic hypertension during pregnancy had a 

higher odds of adverse pregnancy outcomes. The adjusted pooled estimates showed a 

5-fold higher odds of pre-eclampsia and approximately a 2-fold higher odds of 

stillbirth, preterm birth, and SGA infants in women with chronic hypertension 

compared to those without chronic hypertension. 

The second systematic review focused on the effect of antihypertensive treatment on 

adverse pregnancy outcomes and included a total of 16 studies. Six studies compared 
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the adverse pregnancy outcomes in treated women with chronic hypertension to 

untreated normotensive women, whereas eight studies compared the outcomes in 

treated women with chronic hypertension to untreated women with chronic 

hypertension. The results suggested an association between treated chronic 

hypertension (compared to untreated normotensive women) and pre-eclampsia [aOR: 

6.57, (95% CI, 1.75–24.7)]; preterm birth [aOR: 2.78, (95% CI, 1.80–4.29)]; SGA 

[aOR: 2.21, (95% CI, 1.18–4.15)]; LBW [aOR: 3.45, (95% CI, 2.26–5.26)]; and 

perinatal death [aOR: 1.80, (95% CI, 1.07–3.01)]. However, results were inconsistent 

when outcomes were compared between treated and untreated women with chronic 

hypertension; the pooled estimates were not different for these groups in relation to 

superimposed pre-eclampsia [aOR: 0.92, (95% CI, 0.27–3.11)], preterm birth [aOR: 

1.88, (95% CI, 0.61–5.74)] or other adverse outcomes, except for a higher odds of 

SGA [aOR: 1.86, (95% CI, 1.38–2.50)]. 

Few studies reported associations by antihypertensive agent. For example, compared 

to untreated chronic hypertension, those treated with β-blockers only, had higher odds 

of preterm birth [aOR: 2.74, (95% CI, 1.40–5.36); 2 studies] and SGA [aOR: 1.84, 

(95% CI, 1.20–2.82; 3 studies)]. Women exposed to centrally acting antiadrenergic 

agent only (versus untreated hypertensive women) also had a higher odds of SGA 

[aOR: 1.62, (95% CI, 1.09–2.42)]. 

Overall, there was a scarcity of evidence from observational studies investigating the 

impact of antihypertensive treatment on adverse perinatal outcomes in women with 

chronic hypertension. In particular, the effect of different antihypertensive agents 

remains poorly understood. Therefore, more robust and large-scale studies were 

needed to address some of the literature gaps and draw more definitive conclusions on 

the impact of chronic hypertension and antihypertensive treatment on adverse 

perinatal outcomes. 

8.2.1.2 Systematic review and meta-analyses of CKD and adverse pregnancy 

outcomes 

A third systematic review and meta-analysis was conducted to summarise the 

published literature on the associations between CKD, its specific causes, and the risk 

of adverse pregnancy outcomes (Chapter 4). In addition, we synthesised the evidence 

that compared pregnancy outcomes between women with early and late stages of 
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CKD. The systematic review was based on a registered protocol (Appendix 2) and 

included a total of 31 studies published until May 2021. 

The findings indicated that CKD is a strong risk factor for adverse pregnancy 

outcomes. When adjusted estimates were pooled, women with CKD compared to 

women without CKD had approximately three times higher odds of pre-eclampsia and 

almost double the odds for Caesarean section, preterm birth, very preterm birth, and 

SGA. However, associations with miscarriage, stillbirth, and perinatal death were 

reported in a small number of studies and did not appear to be associated with CKD. 

When we combined these outcomes as “pregnancy loss”, there was no association with 

CKD [aOR:1.58, (95% CI, 0.92–2.73)]. 

The findings on the risk of adverse pregnancy outcomes according to the severity of 

kidney disease rely mainly on crude estimates because only three studies adjusted for 

potential confounders. The data indicated that later stages of CKD were associated 

with a greater odds of pregnancy complications than earlier stages. Unadjusted 

estimates suggested approximately 3-fold higher odds of pre-eclampsia, very preterm 

birth, LBW and NICU admission for women with late stages of CKD compared to 

those with early stages. Similarly, the crude pooled estimate for SGA was elevated for 

women with later stages of CKD compared to those with earlier stages [crude OR: 

2.43, (95% CI, 1.33–4.46)]; however, the pooled OR remained almost unchanged but 

less precise when adjusted for proteinuria and hypertension [aOR: 2.42, (95% CI, 

0.82–7.15)]. 

When CKD was stratified by cause, each of the individual causes was associated with 

higher odds of pre-eclampsia, preterm birth, and SGA. Nevertheless, the magnitude of 

the odds ratios varied depending on the cause of CKD; particularly, the odds were 

higher amongst women with diabetic CKD for preterm birth [aOR: 4.76, (95% CI, 

3.65–6.21)] and SGA [aOR: 4.50, (95% CI, 2.92–6.94)] compared to women without 

CKD. 

Most of the studies included in this systematic review examining the relationship 

between CKD and adverse pregnancy outcomes were mostly performed in a single 

centre and had a small sample size. In addition, the majority of the included studies 

had significant limitations, including a lack of adjustment for important confounders; 
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only nine of the 31 studies adjusted for confounding. Therefore, confounding cannot 

be excluded as partly explaining the reported associations between CKD and adverse 

pregnancy outcomes. For instance, from the pooled crude estimated OR was 8.13 for 

pre-eclampsia in women with CKD (compared to women without CKD); however, the 

pooled adjusted estimate was attenuated to 2.58. Also, limited studies have 

investigated the associations in women with specific kidney disease, as the majority 

of previous studies combined a variety of kidney diseases aetiologies in the analyses. 

Thus, further investigations examining associations between CKD and adverse 

pregnancy outcomes were needed to account for cause of CKD and potential 

confounding. 

8.2.2 The association between CKD and chronic hypertension on adverse 

pregnancy outcomes in a large population-based registry 

In Chapter 5, we assessed the associations between CKD, chronic hypertension and 

adverse pregnancy outcomes over the last three decades using data from the Swedish 

National Registers. Overall, the findings from this large population-based cohort study 

suggested that maternal and fetal complications are high in women with CKD and 

chronic hypertension, and the risks persisted independent of parity, maternal age, and 

BMI, among other potential confounders. In addition, we found that multiparous 

women with these conditions had worse adverse perinatal outcomes than primiparous 

women. 

8.2.2.1 Findings on CKD and adverse pregnancy outcomes 

 After controlling for sociodemographic factors, obstetric history, and other 

comorbidities, CKD was associated with a higher odds of adverse pregnancy outcomes 

in Swedish women from 1982 to 2012. The estimates of the associations varied from 

[aOR: 2.05, (95% CI, 1.92–2.19)] for medically indicated preterm birth to no effect 

for stillbirth [aOR: 1.16, (95% CI, 0.95–1.43)]. Analysis by subtypes of CKD 

suggested that all causes of CKD were associated with higher odds of pre-eclampsia, 

emergency Caesarean section, and medically indicated preterm birth. These findings 

are consistent with our findings from the meta-analysis (Chapter 4), which suggested 

that CKD was associated with pre-eclampsia and preterm birth. The magnitude of the 

odds of adverse pregnancy outcomes varied according to the cause of CKD; the ORs 

were higher in women with diabetic nephropathy, renovascular disease, and congenital 
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kidney disease than other CKD subtypes compared to normotensive women without 

CKD. 

On the other hand, women with both CKD and chronic hypertension had higher odds 

of adverse pregnancy outcomes than CKD or chronic hypertension alone. After 

controlling for potential confounders, women with both conditions (CKD and chronic 

hypertension) had four times higher odds of pre-eclampsia and approximately five 

times higher odds of SGA infants compared to normotensive women without CKD. 

The effect estimates for other outcomes varied from [aOR: 9.09, (95% CI, 7.61–10.7)] 

for medically indicated preterm birth to almost no effect for stillbirth [aOR: 1.15, (95% 

CI, 0.55–2.41)]. 

8.2.2.2 Findings on chronic hypertension and adverse pregnancy outcomes 

The impact of chronic hypertension was assessed in two large cohort studies, the 

Swedish National Registers (Chapter 5) and the linked EHRs from the UK (Chapter 

6). Similar patterns of associations were found between the two studies. The findings 

consistently suggested a higher odds of all assessed outcomes in pregnant women with 

chronic hypertension (compared to women without chronic hypertension), except for 

spontaneous preterm birth in the Swedish study where no association was found [aOR: 

1.07, (95% CI, 0.96–1.20). 

The findings from our first study using the Swedish registers showed that women with 

chronic hypertension during pregnancy (compared to women without chronic 

hypertension) had around five times higher odds of pre-eclampsia [aOR: 4.57, (95% 

CI, 4.85–6.46)], four times higher odds of SGA [aOR: 3.55, (95% CI, 3.31–3.80)], and 

three times higher odds of preterm birth [aOR: 2.82, (95% CI, 2.68–2.98)]. Findings 

from the UK were similar: OR for pre-eclampsia [aOR: 5.74, (95% CI, 5.44–6.07)], 

fetal growth restriction [aOR: 2.51, (95% CI, 2.31–2.72)], and preterm birth [aOR: 

2.53, (95% CI, 2.39–2.67)]. A probable explanation for the differences in fetal growth 

restriction effect estimates between the two cohorts is the difference in the definition 

of fetal growth restriction in each dataset. Fetal growth restriction in the UK study was 

defined using Read and ICD-10 codes, whereas it was defined as birthweight below 2 

SDs of the mean birthweight of the sex-specific and gestational age distributions in 

the Swedish study. 
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As mentioned earlier in this thesis, we did not have access to the Swedish Prescribed 

Drug Register to assess the effect of antihypertensive treatment on the reported 

associations. However, the role of antihypertensive treatment and BP control on the 

reported associations between chronic hypertension and adverse pregnancy outcomes 

was explored using data from the UK CALIBER platform (see Sections 8.2.3 and 8.2.4 

below). 

8.2.3 Findings on the effect of antihypertensive treatment on adverse 

pregnancy outcomes 

Our findings from the CALIBER study (Chapter 6) confirm a high burden of adverse 

outcomes in pregnant women with chronic hypertension. Treatment with 

antihypertensive agents and control of hypertension appear to ameliorate some but not 

all of the deleterious effects of chronic hypertension. We examined the effect of 

antihypertensive treatment amongst women with chronic hypertension in three 

comparisons: 1) treated versus untreated normotensive women, 2) treated versus 

untreated women with chronic hypertension, and 3) one antihypertensive agent versus 

another different agent in women with chronic hypertension. 

Our findings suggested a higher odds of adverse pregnancy outcomes in women with 

chronic hypertension who required antihypertensive treatment compared with 

untreated normotensive women. These findings were consistent with the results from 

our meta-analysis (Chapter 3), which suggested a higher odds of adverse pregnancy 

outcomes in treated women compared to normotensive women. The data presented 

indicated that both treated and untreated chronic hypertension were associated with a 

greater risk of adverse pregnancy outcomes when compared to women without chronic 

hypertension. 

When outcomes were compared in women with chronic hypertension, those requiring 

treatment (versus untreated) had higher odds of superimposed pre-eclampsia [aOR: 

1.17, (95% CI, 1.05–1.30)], preterm birth [aOR: 1.25, (95% CI, 1.12–1.39)], and fetal 

growth restriction [aOR: 1.80 (95% CI, 1.51–2.14)], but no differences were found for 

stillbirth and Caesarean deliveries. The measured baseline characteristics were 

adjusted for (using propensity score matching); however, a potential explanation for 

these findings is that women requiring treatment might differ from those not, 

particularly because antihypertensive therapy is usually initiated at a certain BP 



 

203 

 

threshold (see Table 1.3). In an additional analysis, we compared women with chronic 

hypertension who were untreated to women who were treated with tight control 

(BP<135/85 mmHg) and to women treated but with less-tight control (BP≥135/85 

mmHg) separately to examine the impact of BP control. The results indicated that 

women who achieved tight control (versus untreated) had a lower odds of pre-

eclampsia [aOR: 0.59, (95% CI, 0.46, 0.76)], while no differences were found for other 

outcomes, except for a higher odds of fetal growth restrictions [aOR: 1.55 (95% CI, 

1.14–2.12)]. In contrast, women who were prescribed antihypertensive treatment but 

did not achieve a tight control had higher odds of all assessed outcomes compared to 

untreated with chronic hypertension, suggesting that increased odds of adverse 

perinatal outcomes in the treated group was mainly attributable to the level of BP 

control. 

Furthermore, our investigations included active comparisons, in which one 

antihypertensive agent was compared to another agent; this could minimise some 

sources of confounding by indication as both groups were treated and had the same 

treatment indication (chronic hypertension) (343, 344). The results implied that 

different antihypertensive treatments had varying associations with adverse pregnancy 

outcomes; methyldopa (versus β-blockers) was associated with higher odds of severe 

hypertension [aOR: 1.58, (95% CI, 1.20–2.10)], superimposed pre-eclampsia [aOR: 

1.43, (95% CI, 1.19–1.73)], and preterm birth [aOR: 1.44, (95% CI, 1.05–1.97)], but 

a lower odds of fetal growth restriction [aOR: 0.66, (95% CI, 0.48–0.90)]. We found 

similar effects on pregnancy outcomes when comparing outcomes in women who 

were prescribed calcium channel blockers versus β-blockers, except for preterm birth 

[aOR: 1.94, (95% CI, 1.15–3.27)]. Nonetheless, this particular analysis may lack 

adequate statistical power due to the small number of women who were prescribed 

calcium channel blockers (n=289).  

We further compared the outcomes in pregnant women who were prescribed more 

than one antihypertensive agent versus those who were prescribed monotherapies; the 

results suggested that polytherapy was associated with a greater odds of maternal and 

perinatal complications. This could result from the fact that requiring polytherapy is a 

surrogate marker of chronic hypertension severity and thus a marker of adverse 

outcomes (342). For instance, when we excluded women with severe hypertension 
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from this analysis, a statistically significant association was found only for fetal 

growth restriction [aOR: 1.66 (95% CI, 1.29–2.15)]. 

8.2.4 Findings on the association between BP control and adverse 

pregnancy outcomes 

In a subset sample of women with available BP readings (n=475,851), the adjusted 

effect estimates showed a dose-response relationship with BP levels where the odds 

of pregnancy complications increased with increasing BP levels. When the results of 

BP levels were stratified by antihypertensive treatment in women with chronic 

hypertension (treated and untreated separately), the magnitude of the associations with 

adverse pregnancy outcomes were highest in women with severe hypertension 

(sBP≥160 mmHg). Suggesting that, despite treatment, women with high uncontrolled 

BP had worse pregnancy outcomes compared to those with controlled BP. This was 

further investigated amongst the treated women with chronic hypertension, in which 

we compared pregnancy outcomes in less-tight (BP≥135/85 mmHg) versus tight 

(BP<135/85 mmHg) control. The adjusted effect estimates suggested approximately a 

2-fold higher odds of superimposed pre-eclampsia and very preterm birth and a 3-fold 

higher odds of severe hypertension in women with less-tight control. However, no 

differences were found for fetal growth restriction [aOR: 1.83, (95% CI, 0.77, 4.31)] 

and stillbirth [aOR: 1.31, (95% CI, 0.96, 1.78)]; this could be due to inadequate 

statistical power for these outcomes. 

The overall findings in this section suggested that β-blockers might be superior in 

reducing adverse maternal and perinatal outcomes than methyldopa, with an exception 

for fetal growth restriction, which was higher in the β-blockers group. In addition, the 

findings suggested that tight control, regardless of treatment, was associated with 

better pregnancy outcomes. 

8.2.5 Findings on the association between pre-pregnancy hypertension 

and long-term CVD 

The final population-based cohort study in this thesis focused on the associations 

between pre-pregnancy hypertension (chronic hypertension) and future CVD (Chapter 

7). Overall, women who had pre-pregnancy hypertension had doubled the risk of 

developing CVD [aHR: 2.22, (95% CI, 2.03–2.42)], compared to those without pre-
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pregnancy hypertension. Among the included 12 cardiovascular disorders, 

approximately a four-time higher risk was observed for ischemic stroke, intracerebral 

haemorrhage, coronary heart disease NOS, abdominal aortic aneurysm, and heart 

failure compared to those without pre-pregnancy hypertension. The HR for other 

cardiovascular phenotypes in women with pre-pregnancy hypertension (versus those 

without pre-pregnancy hypertension) varied from [aHR: 4.63, (95% CI, 2.75–7.81)] 

for unspecified stroke to no effect for peripheral arterial disease [aHR: 1.62, (95% CI, 

0.96–2.91)]. 

When women were stratified according to the occurrence of adverse pregnancy 

outcomes, the results indicated a greater risk of all cardiovascular outcomes in women 

who experienced adverse pregnancy outcomes, with or without pre-pregnancy 

hypertension, compared to women who remained normotensive without pregnancy 

complications. In women with pre-pregnancy hypertension, the risk was larger in 

those with adverse pregnancy outcomes across the 12 cardiovascular disorders, except 

for subarachnoid haemorrhage and atrial fibrillation. For example, women with pre-

pregnancy hypertension who had pregnancy complications had approximately 

doubled the risk of coronary heart disease [aHR: 8.33, (95% CI, 5.57–12.5)] than 

pregnant women with pre-pregnancy hypertension alone [aHR: 4.00, (95% CI, 3.03–

5.30)], compared to those who remained normotensive without pregnancy 

complications. Also, stronger associations were found in women with pre-pregnancy 

hypertension who had pregnancy complications for heart failure [aHR: 9.65, (95% CI, 

5.96–15.6)] than those with pre-pregnancy hypertension alone [aHR: 2.65, (95% CI, 

1.68–4.17)]. 

We further evaluated whether the association between pre-pregnancy hypertension 

and the risk of any subsequent cardiovascular event varied by maternal ethnicity or 

the number of pregnancies. Using interaction terms between these variables (ethnicity 

and number of pregnancies) and the exposure of interest (pre-pregnancy hypertension) 

indicated that the risk of developing CVD did not differ.  

This study provides important information to the existing evidence for the associations 

between chronic hypertension in pregnancy and future CVD. Women with pre-

pregnancy hypertension (without pregnancy complications) had equivalent risk to 

those without pre-pregnancy hypertension (with pregnancy complications) for stable 
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angina, unstable angina, peripheral diseases, and heart failure. These findings 

indicated that adverse pregnancy outcomes might act as an early risk marker for 

maternal CVD in later life. Thus, postpartum screening for pregnancy complications, 

specifically pre-eclampsia, preterm birth, stillbirth, and fetal growth restriction, may 

reduce the burden of CVD among women with chronic hypertension during 

pregnancy. 

8.3 Interpretation of findings and causal inference in 

epidemiological research 

8.3.1 Bradford Hill’s criteria for causality 

When trying to establish a causal relationship between a cause (exposure) and an 

observed effect (outcome of interest), the Hill's casual criteria can be considered. The 

Hill's criteria for causation have been widely used in public health research to establish 

a causal relationship in epidemiologic evidence between a presumed cause and an 

observed effect. These nine criteria are: 1) strength, 2) consistency, 3) specificity, 4) 

temporality, 5) biologic gradient, 6) plausibility, 7) coherence, 8) experimental 

evidence, and 9) analogy (362). 

Hill’s first criterion for causation is ‘strength’, whereby the larger an association 

between an exposure and an outcome, the more likely it is to be causal, whereas a 

weaker association can be attributed to some unmeasured confounders. Recently, with 

advances in statistical methodology, statistical significance—not the magnitude of 

association—is the accepted standard for judging the strength of an observed 

association; and thus its potential causality (363). In the current thesis, the effect 

estimates were statistically significant in almost all reported outcomes, and strong 

associations were observed, specifically for the association between chronic 

hypertension and adverse pregnancy outcomes.  

Consistency (reproducibility) is the repeated observation of an association in different 

populations. For instance, if consistent findings were observed using a variety of 

locations, populations, and methods, that strengthens the likelihood of an effect. In 

this thesis, we used data from different populations and locations (Sweden and the 

UK), and the findings were ‘consistent’, suggesting an association between chronic 

hypertension and adverse pregnancy outcomes, supporting a potentially causal 
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relationship. Although the results on CKD and adverse pregnancy outcomes have been 

varied across previous studies owing largely to methodological deficiencies, most 

studies reported that CKD is a risk factor for pregnancy complications which is 

consistent with our findings (73). Similarly, in line with our results, the available 

evidence from a different population suggested an association between pre-pregnancy 

hypertension and future CVD (89, 90). 

Specificity means that the association is limited to a specific reason, with no other 

likely explanation, meaning the exposure causes only one disease (362). In this 

research, ‘specificity’ was applied when comparing the effect of different 

antihypertensive agents, in which an agent was considered if a pregnant woman was 

prescribed merely one specific type of antihypertensive treatment. However, other 

associations evaluated in this thesis might be deemed to be a result of a multitude of 

causes, in which specificity might be difficult to measure. In addition, ‘specificity’ is 

widely considered weak from an epidemiologic standpoint (363). Temporal 

relationship of the association means that for an exposure-outcome relationship to be 

causal, exposure must precede the onset of the outcome. Temporality in this research 

is clear as data were collected prospectively in both datasets used in the current work. 

Biological gradient, the presence of a dose-response relationship, supports the causal 

association between an exposure and an outcome of interest. In this thesis, we were 

able to assess the dose-response relationship for the association between chronic 

hypertension and adverse pregnancy outcomes, in which we observed a dose-response 

relationship between increasing BP levels and adverse pregnancy outcomes. However, 

the dose-response relationship was not assessed according to the stage of CKD, as data 

were poorly recorded on CKD stages in the Swedish MBR and NPR. Plausibility refers 

to the existing biological or social models that explain the association of interest, 

although this might depend on the current body of knowledge. In this thesis, we 

followed the maternal morbidity measurement framework, a woman-centred, life-

cycle approach that provides wide-ranging perspectives on women’s health (see 

Chapter 1, Figure 1.1). In addition, several possible biological mechanisms were 

established that may explain the link between adverse pregnancy outcomes and 

subsequent CVD (See Figure 8.1) (360). Coherence has been viewed as being similar 

to biological plausibility in which the cause-and-effect relationship should make sense 

with available knowledge (363). 
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Experimental evidence is drawn from experimental manipulation, such as clinical 

trials, where frequency of outcomes changes following an exposure/intervention or 

cessation of exposure/intervention, and this may lead to the strongest support for 

causal inference (362, 363). Nevertheless, it should be noted that many diseases result 

from multifaceted exposures and follow complex progression pathways; thus, multiple 

risk factors, such as smoking, obesity, and genetic predisposition, can contribute to 

disease onset and progression (363). In this thesis, conducting an RCT was not feasible 

when examining the effect of chronic conditions (hypertension or CKD). Multiple 

trials were analysed for the impact of antihypertensive treatment on adverse perinatal 

outcomes, yet they did not draw definitive conclusions on the effect of 

antihypertensive treatment. Propensity score matching was used in some analyses, in 

which the exposed and the unexposed groups were matched based on measured 

baseline characteristics, when assessing the effect on antihypertensive treatment, in 

order to closely replicate the design feature of an RCT of balance between the exposed 

Figure 8.1 Potential mechanisms for the association between adverse pregnancy outcomes and 

future cardiovascular disease risk. CHD, coronary heart disease; CVA, cerebrovascular accident; 

CVD, cardiovascular disease Source: Wu et al. (360)  
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and unexposed. For the risk of developing CVD, it is possible that the combination of 

different risk factors may culminate in disease; thus, experimental manipulation of a 

single factor (exposure) may or may not result in observable decreases in disease 

incidence (363). The last criterion is ‘analogy’ which means that when one causal 

agent is known, the standards of evidence are lowered for a second causal agent that 

is similar in some way (364). Although this may refer to hypothesis formation rather 

than causal inference, it also accepted that ‘analogy’ might best be subsumed under 

the criterion of coherence (364). 

8.3.2 Bias, confounding or chance 

Before causality can be established, it is vital to rule out the effect of other factors, 

namely, bias, confounding and chance. The overall results of this thesis indicated that 

women with chronic hypertension and CKD had a higher risk of adverse pregnancy 

outcomes. Our findings also suggested that tight control is associated with better 

pregnancy outcomes in women with chronic hypertension, particularly in those 

requiring antihypertensive treatment during pregnancy. Finally, this work indicates 

that pre-pregnancy hypertension is associated with a greater risk of future CVD, and 

the risk was higher when pre-pregnancy hypertension was combined with pregnancy 

complications. However, the possibility of alternative explanations of causality must 

be considered before any observed associations can be claimed to be true. 

Selection bias is unlikely to affect the magnitude of the reported results, as the risk of 

selection bias was minimised through the use of large representative cohorts. The 

Swedish MBR included almost all births in Sweden (97). Similarly, data from the 

CPRD have been reported to be representative of the population (116, 117), and data 

from HES contains data on all admissions at NHS hospitals in England (122). Also, 

participants in the Swedish registers and the CALIBER platform were included by 

default when they were receiving care, as universal health coverage is provided in 

Sweden (365) and the UK (366). Therefore, Berkson’s bias is unlikely to have 

influenced our results since the samples are representative of the populations of 

interest (367). 

The data used in this thesis were collected prospectively; thereby, the possibility of 

recall bias can be eliminated. The occurrence of adverse pregnancy outcomes might 

differ according to maternal characteristics, such as age, BMI and parity, and this was 
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handled in subgroup analyses based on these factors. When assessing the risk of future 

CVD, we also used time-dependent covariates to allow for changes in exposure status 

and risk factors which minimize measurement error and misclassification. 

It is likely that CKD was under-diagnosed in the Swedish national registers, 

particularly the milder forms of CKD. Although we identify women with CKD from 

the MBR and NPR (which has achieved nationwide coverage since 1987 (104)), 

outpatient data were available from 2001 onward. Therefore, it is possible that the 

women with CKD were severe cases who potentially required hospitalization. The 

observed associations between CKD and adverse pregnancy outcomes may have been 

attenuated to the null if women with milder forms of CKD have been categorised as 

unexposed. 

With any longitudinal study, missing data can be an issue that could potentially affect 

estimates by creating selection bias and/or the loss of statistical power and precision 

(i.e., with complete case analysis when missing data are removed) and residual 

confounding. Missingness is also an issue with EHR-based research, although EHRs 

are a rich data source for research investigations. Multiple imputation to handle 

missing data is becoming the approach of choice for dealing with missingness; 

however, it is computationally very intense and needs to include sufficient information 

about the reason for missingness to avoid bias (368). In addition, most imputation 

techniques assume that data are missing at random (368).  

A study of a UK primary care data base suggests that some data, such as BP, are MAR; 

other variables, specifically, smoking and drinking habits, are MNAR (369), rendering 

multiple imputation inappropriate for at least the smoking variable. This thesis did not 

undertake multiple imputation for missingness in EHRs for two main reasons. First, 

we had a substantial level of missingness on BMI and smoking. Second, there is 

evidence that data recorded on at least one risk factor (smoking) are not missing at 

random (369), limiting the suitability and validity of using multiple imputation. 

Confounding provides an alternative explanation for any reported association in 

observational studies. However, detailed obstetric and demographic information was 

available from the Swedish national registers and CALIBER data, which allowed for 

the rigorous control of potential confounders throughout the thesis. For example, 

multivariable regression models and subgroup analyses were performed to assess the 
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effect of confounding factors on the observed associations. We also excluded women 

with pre-pregnancy diseases (e.g., diabetes mellitus and CKD) from the analyses when 

examining the association between pre-pregnancy hypertension and future CVD. 

Nevertheless, as in any observational study, some sources of unmeasured and residual 

confounding may remain. 

The last factor to consider before an attempt to establish causality is chance. It is 

unlikely that the findings in this thesis were due to random error. The reported 95% 

confidence intervals of the main analyses were narrow, except for some subgroup and 

sensitivity analyses that included a small sample size with a few event rates, 

specifically for stillbirth outcome. Findings were replicated in two distinct groups of 

pregnant women and were in agreement with prior research. Thus, it is highly unlikely 

that the observed results arose by chance alone. 

The use of a large sample size in the included studies of this thesis provided sufficient 

power to detect the relationship between the exposures and outcomes of interest, 

particularly for the effect of antihypertensive treatment on perinatal outcomes. For 

instance, given the current parameter estimates in our CALIBER study (Chapter 6), a 

minimum sample size of 4,710 (2,355 in each group, using 5% two-sided alpha and 

90% power) would be required to detect an association between antihypertensive 

treatment and fetal growth restriction in women with chronic hypertension. As 

illustrated earlier in Chapter 1, the largest RCT investigated the effect of 

antihypertensive treatment (treated versus untreated with mild hypertension) in 

women with chronic hypertension included 263 women (58), whereas the largest 

observational study included 2,727 women in a population-based study (51). Hence, 

RCT needs to be conducted in multicentre over several years to enrol the required 

number of participants to assess such associations, which can be a complex, expensive 

and time-consuming study. In this thesis, we linked longitudinal records from primary 

and secondary care data to examine the impact of antihypertensive treatment on 

adverse maternal and perinatal outcomes, demonstrating the value of linked EHRs of 

real-world data for research investigations, especially in the absence of powered 

RCTs. In conclusion, causality is difficult to prove in epidemiological studies due to 

uncertainty of the effect of unmeasured confounders. 
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8.4 The impact of missing data on inferences and the likelihood of 

residual confounding 

Missing data is a common problem in all types of research and that could influence 

the analyses and results. Strategies to handle missingness vary depending on the type 

of missing data; more details about the type of missing data and how to handle them 

are presented in Chapter 2.  

As mentioned in Chapter 2, the multiple imputation method for handling missing data 

in the analyses of maternal chronic hypertension and adverse pregnancy outcome; and 

pre-pregnancy hypertension and long-term CVD (Chapters 6 and 7, respectively) was 

unsuitable due to the large proportion of missing data on smoking status and BMI and 

because data are unlikely to be MAR—an assumption that is violated. Instead, data 

are likely to be MNAR (e.g., missingness may vary by patient characteristics); 

therefore, missing data, particularly for smoking and BMI, present a limitation to our 

analysis for some models and thus interpretation of our results. 

An alternative strategy to address this issue includes a complete-case analysis, but this 

will result in excluding a large number of observations, limiting the suitability of using 

this method as a primary analysis plan. However, it has been outlined in the literature 

that complete-case analysis could be unbiased for estimating a correctly specified 

exposure-outcome relationship if the missingness is unrelated to the outcome, even 

when data are MNAR (370). Therefore, we used this method as a post-hoc analysis 

because we assume that missing data on BMI and smoking are unlikely to be related 

to the outcomes of interest. 

In this thesis, in the primary analyses, missing data were handled using a missing 

category for categorical variables, which is a straightforward and very common 

approach. Although this approach was deemed suitable to apply for the Swedish data 

as few missing values were observed, it could be insufficient for the UK data because 

we have a substantial amount of missing data on BMI and smoking status. Considering 

the huge amount of missing data in the UK cohort, we might not account fully for 

these variables (BMI and smoking status) when comparing pregnancy outcomes 

between women with chronic hypertension and those without; thus, residual 

confounding cannot be ruled out. Additionally, it is difficult to replicate our findings 

using RCTs, but these findings can be replicated using primary care data. 
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8.4.1 The effect of missing data on the reported results 

8.4.1.1 The effect of missing data in the Swedish register 

In the Swedish MBR, the proportion of missing data was 6% and 22% on smoking 

status and BMI, respectively. Therefore, using the missing category was acceptable 

for smoking, and the amount of missingness is unlikely to affect the reported results. 

The proportion of missingness for BMI was high and if BMI was an important 

confounder, then there could be substantial residual confounding when using the 

missing indicator method. To examine the influence of missing BMI, we conducted a 

complete-case analysis (results are not shown) with respect to BMI and smoking 

status, and found results similar to the reported effect estimates using the missing 

indicator method. 

8.4.1.2 The effect of missing data in the CALIBER 

Although the amount of missing data was large for smoking status (71.7%) and BMI 

(66.1%) in the UK cohort, this was lower (smoking: 51.3%; BMI: 37.8%) among the 

exposed group (i.e., pregnant women with chronic hypertension), and even lower in 

the treated group (smoking: 31.4%; BMI: 21.2%). Meaning that our results from the 

first comparison in Chapter 6, comparing pregnancy outcomes between women with 

chronic hypertension and those without, could be the most affected results by the 

potentiality of residual confounding. Similarly, this could affect the reported results in 

Chapter 7 when we compared the risk of future CVD in women with pre-pregnancy 

hypertension versus those without. This huge amount of missingness might change the 

direction of effect estimates in either direction (away or toward the null) depending on 

the values of missing data. 

As stated earlier, data on BMI and smoking status in the UK primary care data are 

unlikely to be MAR, limiting the suitability of using multiple imputation. Although 

data are more likely to fit the assumption required for complete-case analysis, 

performing the complete-case analysis (with respect to BMI and smoking status) 

resulted in excluding more than half of the study population. The results of the post-

hoc analysis (using the complete-case analysis method) showed similar results to the 

reported results when pregnancy outcomes were compared between women with 
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chronic hypertension and those without (N=341,053); and when the overall risk of 

CVD was compared in women who had chronic hypertension in pregnancy and those 

without (N=363,360). 

8.4.2 Quantifying the effect of missing data on the reported results 

To further explore the impact of smoking and BMI on the associations between 

chronic hypertension and adverse pregnancy outcomes, we used the Swedish cohort 

to quantify the associations, adjusting for these variables (one at a time) to assess how 

this would change the effect estimates. 

In the Swedish MBR, the proportion of missing data was 6% and 22% on smoking 

status and BMI, respectively. Therefore, we assessed the impact of these particular 

variables on the results by quantifying the impact of BMI and smoking on the 

association between chronic hypertension and adverse pregnancy outcomes. First, we 

analysed the full dataset using the missing indicator method (N=2,788,490). The 

results of this analysis are illustrated in Table 8.1. Given the large sample size, we 

repeated the analysis using a complete-case analysis, where observations with missing 

values on smoking and BMI were excluded from this analysis (n=690,273; Table 8.2). 

Overall, we found that adjustment for these particular variables did not change the 

effect estimates largely, although BMI attenuated the estimates slightly more than 

smoking status. In addition to this, the findings from our systematic review and meta-

analysis (Chapter 3) reinforced these findings, as chronic hypertension was associated 

with almost all assessed outcomes in the adjusted meta-analyses. 

It is well-established that raised and low pre-pregnancy BMI (versus normal BMI) and 

smoking during pregnancy are associated with a higher risk of adverse pregnancy 

outcomes (371-373). However, adjusting for these variables did not have a huge 

impact on the associations between chronic hypertension and adverse pregnancy 

outcome (Tables 8.1 & 8.2). 

On the other hand, our results on the association between pre-pregnancy hypertension 

and future risk of CVD might also be affected by residual confounding due to the large 

proportion of missing data on BMI and smoking. However, when we conducted a 

complete-case analysis (N=363,360) that did not alter our main findings, as the risk of 

any subsequent CVD event was two times higher in women with pre-pregnancy 
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hypertension [aHR: 2.16 (95% CI, 1.87–2.50)] compared to those without. Similarly, 

a recent US study examining the risk of CVD, particularly heart failure, in women 

with pre-pregnancy hypertension, adjusting for several confounding factors, including 

pre-pregnancy smoking and BMI, reported a higher risk in women with pre-pregnancy 

hypertension than those without (90). 

 

Table 8.1 Effect of smoking and body mass index on the associations between chronic hypertension 

and adverse pregnancy outcomes using data from the Swedish Registers (N=2,788,490) 

Outcome 
Model 1a Model 2b Model 3c Model 4d 

OR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) 

Pre-eclampsia 6.05 (5.76, 6.34) 5.04 (4.80, 5.30) 6.02 (5.74, 6.31) 5.02 (4.78, 5.27) 

Emergency Caesarean section 2.60 (2.47, 2.75) 2.21 (2.10, 2.33) 2.59 (2.46, 2.74) 2.21 (2.10, 2.33) 

Elective Caesarean section 2.87 (2.72, 3.03) 2.54 (2.40, 2.68) 2.86 (2.71, 3.02) 2.53 (2.39, 2.68) 

Preterm birth (<37 week) 3.02 (2.87, 3.18) 2.96 (2.81, 3.11) 3.10 (2.94, 3.26) 3.01 (2.86, 3.17) 

Stillbirth 2.20 (1.81, 2.67) 1.92 (1.59, 2.34) 2.27 (1.87, 2.76) 1.97 (1.62, 2.39) 

Small for gestational age 3.32 (3.12, 3.54) 3.49 (3.28, 3.72) 3.49 (3.28, 3.72) 3.65 (3.42, 3.88) 

aOR, adjusted odds ratio. In these models, the exposure was chronic hypertension (n=14,253) compared to those without; 

approximately 6% of records had missing data on smoking and 22% on body mass index. a Model 1 shows the crude 

associations between chronic hypertension and adverse pregnancy outcomes; b Model 2 was adjusted for body mass index 

only; c Model 3 was adjusted for smoking only; d Model 4 was adjusted for body mass index and smoking. 

 

 

Table 8.2 Effect of smoking and body mass index on the associations between chronic hypertension 

and adverse pregnancy outcomes using complete-cases analysis (data from the Swedish Registers, 

N=2,089,217) 

Outcome 
Model 1a Model 2b Model 3c Model 4d 

OR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) 

Pre-eclampsia 5.88 (5.57, 6.20) 4.71 (4.46, 4.98) 5.83 (5.52, 6.15) 4.67 (4.42, 4.93) 

Emergency Caesarean section 2.61 (2.46, 2.76) 2.17 (2.05, 2.30) 2.60 (2.45, 2.75) 2.16 (2.04, 2.29) 

Elective Caesarean section 2.70 (2.54, 2.87) 2.33 (2.19, 2.48) 2.68 (2.52, 2.86) 2.32 (2.18, 2.47) 

Preterm birth (<37 week) 3.10 (2.93, 3.29) 2.97 (2.81, 3.15) 3.14 (2.97, 3.32) 3.01 (2.84, 3.18) 

Stillbirth 2.36 (1.89, 2.95) 1.94 (1.56, 2.43) 2.39 (1.91, 2.99) 1.97 (1.58, 2.46) 

Small for gestational age 3.23 (3.01, 3.48) 3.40 (3.16, 3.66) 3.38 (3.14, 3.63) 3.56 (3.31, 3.83) 

aOR, adjusted odds ratio. In these models, we conducted a complete-case analysis (listwise deletion) where records with 

missing values on smoking and body mass index were dropped (n=690,273). The exposure was chronic hypertension 

(n=11,187) compared to those without. a Model 1 shows the crude associations between chronic hypertension and adverse 

pregnancy outcomes; b Model 2 was adjusted for body mass index only; c Model 3 was adjusted for smoking only; d Model 

4 was adjusted for body mass index and smoking. 
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8.5 Strengths and limitations of the thesis 

8.5.1 Strengths of the thesis 

This thesis includes comprehensive systematic reviews and meta-analyses of the 

published studies examining the impact of chronic hypertension and antihypertensive 

treatment on adverse pregnancy outcomes. It also includes a systematic review and 

meta-analysis of epidemiological evidence examining the associations between CKD 

and adverse pregnancy outcomes. The general strength of this thesis is the use of large 

population-based cohorts of pregnant women, with prospectively collected data that 

minimised the possibility of selection bias and recall bias and included women with a 

range of exposure and demography. Also, we had access to several potential 

confounding factors in both cohorts, and using data from two countries allowed us to 

assess the consistency of the results. Additionally, the validity of data from both: the 

Swedish National Registers (97, 102, 104) and the CALIBER platform (110, 114, 118, 

127) have been established previously.  

In the current thesis, we addressed some of the limitations of previous literature, which 

were identified from the systematic reviews, using large datasets from the Swedish 

National Registers to assess the associations between maternal chronic diseases 

(chronic hypertension and CKD) and adverse pregnancy outcomes. It is also 

strengthened by the use of data on maternal chronic disease from different sources 

(i.e., MBR and NPR), which increase the validity of the recorded variables. The 

Medical Birth Register contains detailed information on pregnancy, covering a 

woman’s obstetric history and several potential confounding factors over the last three 

decades (1982-2012), allowing us to control for a wide range of confounding 

variables. To the best of our knowledge, we conducted the largest study investigating 

the impact of different subtypes of CKD in the occurrence of adverse pregnancy 

outcomes. In addition, the available evidence suggested that the risk of adverse 

pregnancy outcomes differ based on maternal age, BMI and parity; therefore, the use 

of a large sample size allowed us to conduct several a priori subgroup and sensitivity 

analyses in an attempt to examine the independent role of maternal chronic diseases 

(chronic hypertension and CKD) in the observed associations. 

Furthermore, this work involved one of the most comprehensive investigations on the 

relationship between chronic hypertension, with a focus on the effect of 
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antihypertensive treatment, and adverse pregnancy outcomes using information from 

primary and secondary care in England. The data from the CALIBER platform are 

representative of the population in England, and all data were recorded prospectively, 

reducing the possibility of selection bias and recall bias. We also conducted a 

propensity-score matching when examining the effect of antihypertensive treatment, 

which minimized the variation in measured baseline characteristics (176). 

Other strengths of this thesis included access to unique data on medications and BP 

readings during pregnancy. Another strength is the comparison of pregnancy 

outcomes across different antihypertensive agents, as evidence is limited in pregnant 

women with chronic hypertension (374). While previous RCTs lacked the statistical 

power to detect the effects of antihypertensive treatment on perinatal outcomes, our 

study was powered to detect the effect on clinically important outcomes, such as pre-

eclampsia and fetal growth restriction. We additionally assessed the impact of BP 

control (less-tight versus tight control) on the occurrence of adverse pregnancy 

outcomes. Finally, this thesis includes one of the first studies examining the 

associations between pre-pregnancy hypertension and the role of pregnancy 

complications, and future CVD in finer detail, as data from the CALIBER platform 

was used to assess the risk of 12 cardiovascular disorders. 

8.5.2 Limitations of thesis 

The systematic review and meta-analysis included published studies, and English-

language studies only for CKD meta-analysis (Chapter 4), so it is possible that 

unpublished literature and non-English studies on these topics were missed. Data on 

CKD stages were poorly recorded in the Swedish MBR; therefore, we have not 

assessed the associations according to the stage of CKD. Although we conducted a 

national study using data from the Swedish National Registers, we did not have access 

to the Prescribed Drug Register, which limited our analyses to examine the effect of 

antihypertensive treatment on adverse pregnancy outcomes, specifically in women 

with chronic hypertension. However, we investigated the impact of antihypertensive 

treatment using data from the CALIBER platform. 

This thesis included population-based studies based on existing data, so controlling 

for confounding factors is limited to the data available in various datasets; therefore, 

residual confounding cannot be ruled out, in particular where there is substantial 
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missingness. While we used propensity score matching when examining the effect of 

antihypertensive treatment, this method can only control for the measured background 

characteristics (176); thus, we cannot rule out the possibility of unmeasured 

confounding factors in these analyses either. Data on antihypertensive treatment 

included prescriptions from the CPRD; therefore, it is possible that women may 

receive additional prescriptions from secondary care settings. As we rely on ‘real-

world’ data, we were unable to assess adherence to prescribed antihypertensive 

treatment. However, accurate data on adherence is often scarce even in trials too (375). 

It is also possible that misclassifications of chronic hypertension as gestational 

hypertension may lead to misclassification bias and subsequently underestimate the 

reported effect estimates. 

8.6 Clinical and public health implications  

The findings of this thesis will be of interest to health care providers and women with 

chronic hypertension or CKD of childbearing age. As the prevalence of hypertension 

and CKD is increasing, more women of childbearing age will enter pregnancy with 

these conditions. For example, we quantified the risk of adverse pregnancy outcomes 

among women with chronic hypertension and CKD in a form of systematic reviews 

and meta-analyses, in addition to population-based studies. These findings will inform 

obstetricians in their discussion with, and advice they give to, women, including the 

potential risks of pregnancy complications when they counsel women with these 

conditions. 

Until now, it is uncertain which antihypertensive treatment in pregnancy is associated 

with optimal maternal and perinatal outcomes, particularly in women with mild to 

moderate hypertension (374). In addition, the choice of antihypertensive drug in 

pregnancy remains largely determined by local practice rather than a strong evidence 

base. In addition, the choice of first-line antihypertensive treatment is based on 

licensed status and cost, which may vary by country or region (374). A Cochrane 

systematic review published in 2018 reported that β-blockers and calcium channel 

blockers were more effective than the methyldopa for preventing severe hypertension; 

however, the review was underpowered, due to small sample sizes, to provide 

definitive evidence on clinical outcomes (such as preterm birth and fetal growth 

restriction) (26). These findings are in line with our results in this thesis (Chapter 6) 
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which suggested that β-blockers might be more effective than methyldopa in 

preventing severe hypertension, superimposed pre-eclampsia and preterm delivery. 

Our findings on specific antihypertensive agent might help obstetricians to discuss the 

benefits and risks of the most commonly used antihypertensive agents during 

pregnancy. 

There has been much debate about the best approach for the management of 

hypertension during pregnancy. Our findings from the CALIBER reinforced the 

findings from the CHIPS trial that less-tight control is associated with more severe 

hypertension (29). We also add to the literature that other pregnancy complications 

such as pre-eclampsia and preterm birth are associated with less-tight control. While 

severe hypertension might be a risk marker for adverse maternal and perinatal 

outcomes (29), excluding severe hypertension from the analysis did not alter the 

statistically significant associations between superimposed pre-eclampsia and preterm 

birth. Furthermore, a study has shown that the mean cost per woman–infant dyad 

managed by a policy of less-tight (versus tight) BP control is not significantly different 

with regard to overall services and hospital ward costs incurred from as early as 14 

weeks of gestation up to 305 days after delivery (376). However, less-tight control 

was implicated in significantly more morbidity among women (29, 376). This meant 

that tight treatment approach may have clinical benefit for women, with no increased 

risk to neonates and without additional cost to the healthcare system (376). 

The last part of this thesis evaluated the risk of future CVD in women with pre-

pregnancy hypertension. The findings highlighted the need to consider women’s 

obstetric history when assessing the risk of CVD in relation to pre-pregnancy 

hypertension and the importance of initiating postpartum cardiovascular risk screening 

and management (such as lifestyle modifications and pharmacological interventions) 

to reduce the risk of future CVD (84). 

8.7 Recommendations for future research 

Large multicentre trials and population-based studies with real-world data from other 

countries are needed to compare one antihypertensive agent with another, particularly 

the first-line antihypertensive treatments. This will help to identify whether a specific 

agent confers a lower risk of maternal and perinatal outcomes. Studies should focus 
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on the role of BP control in relation to antihypertensive treatment, to examine the 

consistency of the findings across countries. Such studies may be done in 

Scandanavian countries, Canada and Taiwan, for example, where population-based 

data with prescription registries are available. In addition, in the absence of clinical 

trials due to cost and feasibility, a large population-based cohort study is the optimal 

study design to estimate how many cardiovascular events could be prevented by 

implementing interventions such as weight loss and BP control in women with pre-

pregnancy hypertension who had experienced pregnancy complications. 

Future research is needed to examine the association between CKD and adverse 

pregnancy outcomes, adjusting for important risk factors, such as proteinuria, 

hypertension, antihypertensive treatment, and immunosuppressive. Available 

evidence over the last three decades demonstrated an increase in the live birth rate of 

babies born to women with CKD on dialysis, although the findings suggested a high 

prevalence of preterm birth and LBW (377). In the current thesis, we did not assess 

the impact of dialysis and stages of CKD on the reported associations because data 

were poorly recorded in Swedish MBR and NPR on these factors. Further work is 

required to estimate the effect of these factors when assessing the relationship between 

CKD and pregnancy complications. 

8.8 Conclusions 

The data in this thesis indicated that CKD and chronic hypertension were associated 

with a wide range of adverse pregnancy outcomes, including pre-eclampsia, preterm 

birth, and SGA. These associations persisted after adjustment for several potential 

confounders in large population-based cohorts. The findings suggested that 

multiparous women with these conditions had worse adverse perinatal outcomes than 

primiparous women. In women with CKD, the risks of adverse pregnancy outcomes 

were higher in women with diabetic nephropathy, renovascular disease and in those 

with congenital kidney disease than other CKD subtypes.  

In women with chronic hypertension, those requiring treatment (versus untreated) had 

higher odds of pre-eclampsia, preterm birth, and fetal growth restriction, but no 

differences were found for stillbirth and Caesarean deliveries. The findings showed 

that different antihypertensive agents might have varying impacts on pregnancy 
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outcomes; β-blockers (versus methyldopa) were associated with lower odds of severe 

hypertension, pre-eclampsia, and preterm birth, but a higher odds of fetal growth 

restriction. We also found that the occurrence of adverse pregnancy outcomes varies 

according to control of BP, with better outcomes observed in treated women with 

tighter control during pregnancy. 

The data in this thesis suggested that pre-pregnancy hypertension was associated with 

increased risk of future CVD, and maternal exposure to adverse pregnancy outcomes 

was consistently associated with a greater risk than pre-pregnancy hypertension alone. 

Adjusting for confounding factors, including family history of CVD, did not attenuate 

this association with the 12 most common cardiovascular disorders. 

While antenatal care for pregnant women has improved over the last few decades, the 

overall conclusion of this thesis suggested that the risk of adverse pregnancy outcomes 

is higher in women with chronic hypertension and/or CKD than the general obstetric 

population. Therefore, multidisciplinary antenatal management should be provided for 

these women with intensive care. Importantly, if antihypertensive treatment is 

required, clinicians might consider tighter control during pregnancy as better 

outcomes were observed in women with tightly controlled hypertension. Finally, the 

findings of this thesis highlighted the need to use pregnancy complications as a 

naturally occurring screening tool to detect women at high risk of cardiovascular 

events. 
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Appendix 1: The impact of Chronic Hypertension and 

Antihypertensive Treatment on Adverse Maternal and Perinatal 

Outcomes: A Systematic Review and Meta-Analysis Protocol 

Sukainah Al Khalaf, Éilis J O'Reilly, Peter Barrett, Fergus McCarthy, Ali Khashan 

Objectives 

• To conduct a systematic review and meta-analysis of adverse maternal and perinatal 

outcomes among pregnant women with chronic hypertension compared with normotensive 

women. 

• To investigate whether using antihypertensive medications during pregnancy has beneficial 

or harmful effects on the risk of specific maternal and perinatal outcomes. 

• To compare the effect of different types of antihypertensive medications on the risk of 

adverse pregnancy and perinatal outcomes. 

Review Questions: 

1. What are the pooled estimates from existing literature assessing the effect of chronic 

hypertension during pregnancy on the risk of adverse maternal and perinatal outcomes? 

2. In women with hypertension during pregnancy, does the use of antihypertensive 

medication reduce the risk of adverse maternal or perinatal outcomes? 

3. Which antihypertensive agent is associated with the lowest risk of adverse maternal and 

perinatal outcomes? 

Searches 

A comprehensive electronic search of PubMed/ MEDLINE, Embase and Web of Science 

will be performed using a combination of medical subject heading (MeSH) terms and 

keywords related to chronic hypertension, use of antihypertensive treatment during 

pregnancy and maternal/perinatal outcomes, without any restrictions on time period. 

The bibliographies of previous systematic reviews, and all included studies will be searched 

for further potentially relevant articles. In addition, the searches will be repeated before 

finalizing the results in order to identify any potentially eligible studies that have been 

published after the initial search 

Types of study to be included 

We will include observational studies: cohort and case-control studies. 

Condition or domain being studied 

Adverse maternal and perinatal outcomes. 



 

248 

 

Participants/population 

Studies will be included if participants are pregnant women. 

Intervention(s), exposure(s) 

1) Chronic hypertension that predated pregnancy or was diagnosed before 20 weeks’ 

gestation. 

2) Any antihypertensive drugs used during pregnancy. 

Comparator(s)/control 

1) Normotensive women who completed their pregnancy without history or clinical 

diagnosis of chronic hypertension or other HDP. 

2) Normotensive women, or women with hypertension, but not on antihypertensive treatment 

during pregnancy 

Main outcome(s) 

• Superimposed pre-eclampsia                                    • Neonatal death 

• Small for gestational age (SGA)                              • Stillbirth (fetal death  

• Preterm birth (<37 weeks’ gestation)                       • Low birth weight (<2500g)                                       

• Caesarean section (elective or emergency CS)        • Birth defects  

• Neonatal intensive care unit admission   

• Severe hypertension (for studies focusing on specific antihypertensive medications, defined 

as SBP ≥160 mm Hg and/or DBP ≥110 mm Hg). 

Additional outcome(s) 

• Post-partum haemorrhage   

• Miscarriage (loss of an embryo or fetus< 20 weeks’ gestation) 

• Hemolysis, elevated liver enzyme levels, and low platelet levels (HELLP syndrome) 

• Maternal death                        • Neonatal death (death within the first 28 days of life)  

Data extraction (selection and coding) 

A data extraction form will be developed based on recommendations provided in the Cochrane 

Non Randomized Studies Methods Group. Two investigators (S.A) and (F.M) will extract the 

data independently from the included studies. If inadequate information is found in one of the 

studies relating to study design, population, intervention, or outcomes, contact will be made 

via email with the authors to obtain the required missing data. The following details will be 

extracted from each study: source of data, authors’ name, study design, study period, 

population characteristics (sample size, appropriateness of case and control recruitment, 

inclusion and exclusion criteria, age and other potential confounders), definition of exposure 

used (chronic hypertension/using antihypertensive agents), outcome measures 
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(maternal/perinatal outcomes), crude and adjusted estimates. Disagreement about the 

extracted data will be resolved by the third investigator (A.K), if necessary.  

Risk of bias (quality) assessment 

We will assess the study quality using the Newcastle-Ottawa Scale (NOS) as recommended 

by the recent guidelines to evaluate the quality of cohort and case-control studies. The NOS 

uses a 'star system', in which stars are assigned to show higher quality based on three criteria: 

selection of the study groups; comparability of the groups; and the ascertainment of the 

exposure and/or outcome of interest. The quality assessment of all included studies in this 

review will be assessed independently by two investigators (S.A) and (A.K). If there are any 

inconsistencies between the two investigators regarding the appraisal of the quality of included 

studies, a third investigator (E.O) will be involved to resolve the disagreement.  

Strategy for data synthesis 

We aim to perform meta-analyses to examine the association between chronic hypertension 

and adverse pregnancy outcomes and meta-analyses for antihypertensive medication use and 

adverse pregnancy outcomes separately. A meta-analysis will be performed for each exposure-

outcome association, when the data allow. Both the crude and adjusted estimates for 

predefined outcomes along with 95% confidence intervals (CI) will be extracted as 

appropriate. Risk ratios (RR) and odds ratios (OR) will be extracted for dichotomous 

outcomes, and mean differences will be calculated for continuous outcomes. 

For antihypertensive medications, we will 1) group the women as either exposed to any 

treatment agent versus non-exposed group; 2) group the treated women with any type of HDP 

versus normotensive women; 3) group the women with any type of HDP (treated vs untreated); 

and 4) sub-group analysis including women with chronic hypertension only (treated vs 

untreated). Moreover, if studies allow, we will group the exposure according to medication 

groups (e.g. methyldopa, vs other agents or beta-blockers vs other agents). Additionally, when 

data allow, we will calculate the number needed to treat for each outcome in relation to 

antihypertensive medication. Heterogeneity among studies will be assessed using a Cochrane 

Q statistic and the Higgins I² test. Random effect models will be applied for pooling the crude 

and then adjusted estimates.  

Analysis of subgroups or subsets 

Sensitivity analysis will be performed by study design (case-control/ cohort), according to 

income level of the country (low/middle/ high), study location (Europe/USA/Asia), decade of 

publication, and according to study quality (low/high). Publication bias will be assessed using 

Begg’s funnel plot and Egger’s test when there are 10 studies or more in a meta-analysis (18). 

Data will be analysed using Review Manager 5.3 and Stata/MP 14.2 for Egger’s test. 
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Appendix 2: Chronic Kidney Disease and Adverse Pregnancy 

Outcomes: A Systematic Review and Meta-analysis Protocol 

Sukainah Al Khalaf, Elizabeth Bodunde, Gillian Maher, Éilis J O'Reilly, Fergus 

McCarthy, Ali Khashan 

Review question 

Is chronic kidney disease during pregnancy associated with an increased risk of adverse 

perinatal outcomes? 

Are specific chronic kidney disease subtypes associated with a higher risk of adverse 

pregnancy outcomes? 

Searches 

We will conduct a comprehensive systematic search of the literature in the following 

electronic databases: PubMed/ MEDLINE, Embase and Web of Science. 

We will use a combination of Medical Subject Headings (MeSH) terms and keywords related 

to chronic kidney disease and maternal/perinatal outcomes.  

Searches will be restricted to the English language only, peer-reviews literature and human 

studies, whereas no restrictions will be applied on time period.  

The bibliographies of previous systematic reviews, and all included studies will be searched 

for further potentially relevant articles. 

Types of study to be included 

Inclusion criteria: we will include randomized control trial, cohort, case-control, or cross-

sectional studies in which a diagnosis of chronic kidney disease during pregnancy and at least 

one of the outcomes of interest have been reported. 

Exclusion criteria: we will exclude reviews, case reports, editorial letters, expert opinions, 

animal studies and duplicate publication of the same data (in these cases, we will use the 

largest cohort or the one that reported more outcomes of interest) 

Condition or domain being studied 

Adverse perinatal outcomes. 

Participants/population 

Studies will be included if participants are pregnant women. 

  



 

251 

 

Intervention(s), exposure(s) 

Diagnosis of chronic kidney disease before or during pregnancy. 

Comparator(s)/control 

Pregnant women without chronic kidney disease. 

Main outcome(s) 

• Pre-eclampsia                                             • Caesarean section (elective or emergency) 

• Preterm birth (<37 weeks’ gestation)         • Small for gestational age 

Additional outcome(s) 

• Maternal death                                            • Miscarriage (loss of an embryo or fetus) 

• Stillbirth                                                      • Low birth weight 

• Perinatal death                                            • Neonatal death 

• Neonatal intensive care unit admission 

Data extraction (selection and coding) 

Two investigators (SAK and EB) will independently screen titles and abstracts, excluding 

studies that clearly do not meet the predefined criteria. Then the full texts of potentially 

eligible studies will be obtained. 

A standardised data extraction form will be developed, and two investigators (EB and GM) 

will extract the data independently from the included studies. If inadequate information is 

found in one of the studies, contact will be made via email with the authors to obtain the 

required missing data. The following details will be extracted from each study: author and 

year of publication, the study design, population characteristics (sample size, inclusion and 

exclusion criteria), the definition of exposure used, outcome measures (maternal/perinatal 

outcomes), crude and adjusted estimates and confounders adjusted for, if any. Disagreement 

about the extracted data will be resolved by the third investigator (AK), if necessary. 

Risk of bias (quality) assessment 

Quality assessment of the included studies will be performed independently by two 

investigators (EB and GM) using the Newcastle-Ottawa Scale (NOS). This scale uses a 'star 

system', in which stars are assigned to show higher quality based on three criteria: selection 

of the study groups; comparability of the groups; and the ascertainment of the exposure and/or 

outcome of interest. If there are any inconsistencies between the two investigators regarding 

the appraisal of the quality of included studies, a third investigator (AK) will be involved to 

resolve the disagreement. 
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Measures of effect 

Relative risks and/or odds ratios will be abstracted or calculated (when raw data were 

provided) to calculate the pooled estimates for each outcome. 

Strategy for data synthesis 

We will conduct meta-analyses to assess the association between maternal chronic kidney 

disease and adverse pregnancy outcomes. Random effects meta-analyses using the generic 

inverse variance method will be performed to calculate the crude and adjusted pooled 

estimates for each exposure-outcome. Forest plots will be used to display crude and adjusted 

pooled odds ratios (OR) with 95% confidence intervals (CI). 

Heterogeneity between studies will be measured using the I2 statistic and categorized as either 

low (I2<25%), medium (I2=25%-50%) or high (I2>50%). Publication bias will be evaluated by 

Begg’s funnel plot when we have 10 or more studies in the meta-analysis and by using Egger 

test. A statistically significant p-value will be based on a threshold of <0.05. Data will be 

analysed using Review Manager 5.3 and Stata/MP (version 16.1) for Egger’s test. 

Analysis of subgroups or subsets 

Subgroup analyses will be performed by subtypes chronic kidney disease, study design (cohort 

vs case-control vs cross-sectional), study location (for example: Europe vs USA vs Asia) and 

by decade of publication. Any additional analyses will be clearly highlighted as post-hoc 

analyses. 
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Appendix 3: The Impact of Chronic Hypertension and 

Antihypertensive Treatment on Adverse Perinatal Outcomes: A 

Systematic Review and Meta-Analysis (supplemental material) 

S3.1.Supplement data on chronic hypertension meta-analysis 

 S3.1.1 Search Strategy for the association between chronic hypertension and adverse 

perinatal outcomes 

A) Search strategy for Web of Science 

1.Pregnancy outcome* or obstetric outcome* or birth outcome* or pregnancy complication* or 

gestational complication*/or obstetric complication/ or birth complication* or labor complication* or 

uterine complication* or normal birth* or live birth* or pre-term deliver* or preterm deliver* or pre-

term birth*or preterm birth* or preterm labor* or pre-term labor* or premature deliver* or premature 

birth* or premature labor* or prematurity or cesarean* or cesarean section* or csection* or c section* 

or spontaneous abortion* or miscarriage* or miscarry or stillbirth* or still birth* or intrauterine death* 

or intra-uterine death* or fetal death* or fetal mortality or neonatal mortalit* or neonatal death* or 

neo-natal death or neo-natal mortalit* or newborn death* or newborn mortalit* or new born death* or 

new born mortalit* or perinatal mortalit* or perinatal death* or infant mortalit* or infant death* or 

postneonatal mortalit* or post-neonatal mortalit* or postneonatal death* or post-neonatal death* or 

preeclampsia or pre eclampsia or preeclamptic or pre eclamptic or preeclamptic or pre-eclamptic 

toxemia* or preeclamptic toxemia* or PET or pregnancy toxemia* or toxemia* or EPH toxemia* or 

EPH gestosis or hypertension-edema-proteinuria gestosis or hypertension edema proteinuria gestosis/ 

or proteinuria-edemahypertension gestosis/ or proteinuria edema hypertension gestosis or edema 

proteinuria hypertension gestosis or edema-proteinuria-hypertension gestosis/ or eclampsia/ or 

eclamptic or HELLP or hemolysis elevated liver enzymes low platelet count/ or hemolysis-elevated 

liver enzymes-low platelet count or antenatal hemorrage* or antepartum hemorrage* or postnatal 

hemorrage* or postpartum hemorrage* or postpartum complication* or postnatal complication* or 

post birth complication* or post labor complication* or maternal outcome* or maternal complication* 

or fetal outcome* or fetal complication* or neonate complication* or neonatal complication*or 

newborn complication*/ or gestational age/ or special care baby unit admission* or SCBU admission* 

or NICU admission* or neonatal intensive care unit admission* or small for gestational age* or SGA* 

or IUGR* or intrauterine growth restriction* or LBW*or low birth weight* or VLBW* or very low 

birth weight* or neonatal intraventricular haemorrhage*or Intraventricular haemorrhage of newborn*  

2. Essential hypertensi* or chronic hypertensi* or chronic hypertension in pregnanc*  

3. Search 1 and 2 were then combined (1 ‘AND’ 2) 

B) Search strategy for Embase (via OVID) 

1. ('pregnancy outcome' OR 'pregnancy complications' OR 'high risk pregnancy' OR 'labor' OR 

'delivery' OR 'fetus outcome' OR 'live birth' OR 'premature labor' OR 'immature and premature 

labor' OR 'prematurity' OR 'cesarean section' OR 'spontaneous abortion' OR 'stillbirth' OR 'fetus 

death' OR 'infant mortality' OR 'fetus mortality' OR 'maternal mortality' OR 'perinatal mortality' OR 

'preeclampsia' OR 'eclampsia' OR 'eclampsia and preeclampsia' OR 'hellp' OR 'disseminated 

intravascular coagulation' OR 'magnesium sulfate' OR 'newborn death' OR 'gestational age' OR 

'infant low birth weight' OR 'low birth weight' OR 'very low birth weight' OR 'extremely low birth 

weight' OR 'apgar score' OR 'newborn intensive care' OR 'small for date infant' OR 'pregnancy 

outcome*' OR 'maternal outcome*' OR 'pregnancy complication*' OR 'obstetric outcome*' OR 

'obstetric complication*' OR 'normal birth*' OR 'live birth*' OR 'premature birth*' OR 'preterm 
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birth*' OR 'preterm deliver*' OR 'born preterm' OR 'cesarean*' OR 'csection*' OR 'miscarriage*' 

OR 'stillbirth*' OR 'intrauterine death*' OR 'antenatal haemorrhage*' OR 'antenatal haemorrhage*' 

OR 'antepartum haemorrhage*' OR 'antepartum haemorrhage*' OR 'postpartum haemorrhage*' OR 

'postpartum haemorrhage*' OR 'postnatal haemorrhage*' OR 'postnatal haemorrhage*' OR 

'postpartum complication*' OR 'postnatal complication*' OR 'special care baby unit admission*' 

OR 'scbu admission*' OR 'neonatal intensive care unit admission*' OR 'nicu admission*' OR 'sga' 

OR 'iugr' OR 'neonatal intraventricular haemorrhage' OR 'neonatal intraventricular haemorrhage' 

OR 'lbw' OR 'vlbw' OR 'fetus outcome*' OR 'high risk pregnan*')  

2. Essential hypertensi*/ or chronic hypertensi*/ or chronic hypertension in pregnan*  

3. Search 1 and 2 were then combined (1 ‘AND’ 2) 

 

C) Search strategy for Medline (via OVID platform)  

1. pregnancy outcome* or pregnancy complication* obstetric complication* or obstetric labor 

complications/ or pregnancy, high-risk/ or delivery, obstetric or labor or live birth or obstetric labor, 

premature or premature birth or premature birth* or preterm birth* preterm deliver* or born preterm 

or caesarean section cesarean* or c-section or caesarean* or abortion, spontaneous or stillbirth or fetal 

death/ or infant mortality or maternal mortality or perinatal mortality or pre-eclampsia or eclampsia/ 

or HELLP/ or gestational age/ or infant, low birth weight/ or pregnancy/or or obstetric outcome* or 

normal birth* or live birth* or miscarriage* or stillbirth* or intrauterine death* or neonatal death*or 

antenatal haemorrhage* or postpartum haemorrhage* or antenatal haemorrhage* or postpartum 

hemorrage* or antepartum hemorrage* or antepartum haemorrhage* or postpartum complication*/ or 

special care baby unit admission* or SCBU admission* or neonatal intensive care unit admission* or 

NICU admission* or small for gestationa age or SGA or intrauterine growth restriction or IUGR or 

neonatal intraventricular hemorrage* or neonatal intraventricular haemorrhage*  

2. Essential hypertensi* or chronic hypertensi* or chronic hypertension in pregnan*  

3. Searches 1 and 2 were then combined (1 ‘AND’ 2) 

 

S3.1.2 Selection process and eligibility criteria 

Two of us (SA and PB) independently reviewed the titles and abstracts of all articles, studies 

that clearly not meeting the predefined criteria excluded, then the full text of potentially 

eligible studies obtained. Following that, both investigators independently screened the full 

text articles to define the included studies, and a third investigator (ASK) resolved any 

inconsistencies about included or excluded articles between the two investigators. In addition, 

PRISMA flow chart was used to illustrate the process for selecting the included studies with 

the number of references at each phase of this review. 

We included cohort and case-control studies in which chronic hypertension was reported as 

an exposure (compared to normotensive women); and the outcomes of interest were adverse 

maternal, fetal, or neonatal outcomes. We excluded study designs other than observational 

studies, along with case reports, case series, editorials, reviews, conference abstracts, book 

chapters and animal/in vitro studies. When two or more studies included the same cohort, we 

included the one with largest population or with more relevant outcomes. Also, studies with 

additional comorbidities were also excluded. Moreover, as pre-eclampsia associated with 
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higher risk of adverse outcomes and this review focuses on the impact of chronic hypertension; 

we included women with chronic hypertension without superimposed pre-eclampsia, when 

possible. Additionally, when studies reported results for both groups separately, we used the 

group without pre-eclampsia as it is one of the outcomes of interest. 

S3.1.3 Data collection process and quality assessment 

An electronic standardised data extraction form was developed, and pilot-tested on seven 

studies. One of us (SA extracted the data for all included studies, and two obstetricians (FMC 

and DF) extracted the data independently for more than 50% of the included studies to ensure 

the validity of extracted data. The following details were extracted from each study: source of 

data, authors’ name, study design, study period, population characteristics (sample size, 

appropriateness of case and control recruitment, inclusion/exclusion criteria, and definition of 

exposure, measures, and definitions of outcomes (maternal, fetal and neonatal), 

appropriateness of analyses, confounders adjusted for (if any), crude and adjusted estimates. 

Any disagreement about the extracted data was resolved by the third investigator (ASK). 

We used the Newcastle-Ottawa Scale (NOS) to assess the study quality. The NOS has a 

version for case-control studies and one for cohort studies, and it uses a 'star system', in which 

stars are assigned to show higher quality based on three criteria: selection of the study groups; 

comparability of the groups; and the ascertainment of the exposure and/or outcome of interest. 

The quality assessment was assessed independently by two investigators (SAK) and (LP). Any 

inconsistency between the two investigators was resolved by a third investigator (ASK). 

 

S3.2 Supplement data on antihypertensive treatment meta-analysis 

S3.2.1 Search Strategy for the association between antihypertensive treatment and adverse 

perinatal outcomes 

A) Search strategy for Web of Science 

1. Anti hypertensive agent*/ or / Antihypertensive agent* Anti-hypertensive agent* / or 

/Cardiovascular Agent*/ or /anti-hypertensive drug*/ or /antihypertensive drug*/ or /antihypertensive/ 

or /anti hypertensive drug*/ or /antihypertensive agents therap*/ or /anti hypertensive agents therap*/ 

or/ anti-hypertensive agents therap*/ or /antihypertensive agents pharmacol*/ or /anti hypertensive 

agents pharmacol*/ or / anti-hypertensive agents pharmacol*/ or / calcium channel blocker/ OR /beta 

blocker/ OR /ACEi/ OR /adrenergic receptor antagonist/ or / adrenergic receptor blocker/ OR /alpha-2 

adrenergic receptor agonist/ OR /angiotensin ii receptor/ OR /hydralazine/ OR /sodium nitroprusside/ 

OR /clonidine hydrochloride/ OR /moxonidine/ OR /renin inhibitor/ OR /thiazide/ OR /loop diuretic/ 

OR /potassium sparing diuretic 

2. hypertensi* 

3. Pregnancy outcome* or obstetric outcome* or birth outcome* or pregnancy complication* or 

gestational complication*/or obstetric complication/ or birth complication* or labor complication* or 

uterine complication* or normal birth* or live birth* or pre-term deliver* or preterm deliver* or pre-

term birth*or preterm birth* or preterm labor* or pre-term labor* or premature deliver* or premature 
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birth* or premature labor* or prematurity or cesarean* or cesarean section* or csection* or c section* 

or spontaneous abortion* or miscarriage* or miscarry or stillbirth* or still birth* or intrauterine death* 

or intra-uterine death* or fetal death* or fetal mortality or neonatal mortalit* or neonatal death* or 

neo-natal death or neo-natal mortalit* or newborn death* or newborn mortalit* or new born death* or 

new born mortalit* or perinatal mortalit* or perinatal death* or infant mortalit* or infant death* or 

postneonatal mortalit* or post-neonatal mortalit* or postneonatal death* or post-neonatal death* or 

preeclampsia or pre eclampsia or preeclamptic or pre eclamptic or preeclamptic or pre-eclamptic 

toxemia* or preeclamptic toxemia* or PET or pregnancy toxemia* or toxemia* or EPH toxemia* or 

EPH gestosis or hypertension-edema-proteinuria gestosis or hypertension edema proteinuria gestosis/ 

or proteinuria-edemahypertension gestosis/ or proteinuria edema hypertension gestosis or edema 

proteinuria hypertension gestosis or edema-proteinuria-hypertension gestosis/ or eclampsia/ or 

eclamptic or HELLP or hemolysis elevated liver enzymes low platelet count/ or hemolysis-elevated 

liver enzymes-low platelet count or antenatal hemorrage* or antepartum hemorrage* or postnatal 

hemorrage* or postpartum hemorrage* or postpartum complication* or postnatal complication* or 

post birth complication* or post labor complication* or maternal outcome* or maternal complication* 

or fetal outcome* or fetal complication* or neonate complication* or neonatal complication*or 

newborn complication*/ or gestational age/ or special care baby unit admission* or SCBU admission* 

or NICU admission* or neonatal intensive care unit admission* or small for gestational age* or SGA* 

or IUGR* or intrauterine growth restriction* or LBW*or low birth weight* or VLBW* or very low 

birth weight* or neonatal intraventricular haemorrhage*or Intraventricular haemorrhage of newborn* 

Search 1 AND 2 AND 3 

B) Search strategy for Embase (via OVID platform) 

1. ('pregnancy outcome' OR 'pregnancy complications' OR 'high risk pregnancy' OR 'labor' OR 

'delivery' OR 'fetus outcome' OR 'live birth' OR 'premature labor' OR 'immature and premature labor' 

OR 'prematurity' OR 'cesarean section' OR 'spontaneous abortion' OR 'stillbirth' OR 'fetus death' OR 

'infant mortality' OR 'fetus mortality' OR 'maternal mortality' OR 'perinatal mortality' OR 

'preeclampsia' OR 'eclampsia' OR 'eclampsia and preeclampsia' OR 'hellp' OR 'disseminated 

intravascular coagulation' OR 'magnesium sulfate' OR 'newborn death' OR 'gestational age' OR 'infant 

low birth weight' OR 'low birth weight' OR 'very low birth weight' OR 'extremely low birth weight' 

OR 'apgar score' OR 'newborn intensive care' OR 'small for date infant' OR 'pregnancy outcome*' OR 

'maternal outcome*' OR 'pregnancy complication*' OR 'obstetric outcome*' OR 'obstetric 

complication*' OR 'normal birth*' OR 'live birth*' OR 'premature birth*' OR 'preterm birth*' OR 

'preterm deliver*' OR 'born preterm' OR 'cesarean*' OR 'csection*' OR 'miscarriage*' OR 'stillbirth*' 

OR 'intrauterine death*' OR 'antenatal haemorrhage*' OR 'antenatal haemorrhage*' OR 'antepartum 

haemorrhage*' OR 'antepartum haemorrhage*' OR 'postpartum haemorrhage*' OR 'postpartum 

haemorrhage*' OR 'postnatal haemorrhage*' OR 'postnatal haemorrhage*' OR 'postpartum 

complication*' OR 'postnatal complication*' OR 'special care baby unit admission*' OR 'scbu 

admission*' OR 'neonatal intensive care unit admission*' OR 'nicu admission*' OR 'sga' OR 'iugr' OR 

'neonatal intraventricular haemorrhage' OR 'neonatal intraventricular haemorrhage' OR 'lbw' OR 

'vlbw' OR 'fetus outcome*' OR 'high risk pregnan*') 

2. ('calcium channel blocker' OR 'beta blocker' OR 'acei' OR 'adrenergic receptor antagonist/blocker' 

OR 'alpha-2 adrenergic receptor agonist' OR 'angiotensin ii receptor' OR 'antihypertensive' OR 

'hydralazine' OR 'sodium nitroprusside' OR 'clonidine hydrochloride' OR 'moxonidine' OR 'renin 

inhibitor' OR 'thiazide' OR 'loop diuretic' OR 'potassium sparing diuretic')  

3. Hypertension 

Search 1 AND 2 AND 3 

C) Search strategy for Medline (via OVID platform) 

1. Anti hypertensive agent*/ or / Antihypertensive agent* Anti-hypertensive agent* / or 

/Cardiovascular Agent*/ or /anti-hypertensive drug*/ or /antihypertensive drug*/ or /antihypertensive/ 

or /anti hypertensive drug*/ or /antihypertensive agents therap*/ or /anti hypertensive agents therap*/ 
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or/ anti-hypertensive agents therap*/ or /antihypertensive agents pharmacol*/ or /anti hypertensive 

agents pharmacol*/ or / anti-hypertensive agents pharmacol*/ or / calcium channel blocker/ OR /beta 

blocker/ OR /ACEi/ OR /adrenergic receptor antagonist/ or / adrenergic receptor blocker/ OR /alpha-2 

adrenergic receptor agonist/ OR /angiotensin ii receptor/ OR /hydralazine/ OR / nitroprusside/ OR 

/clonidine / OR /thiazide/ OR /loop diuretic/ OR /potassium sparing diuretic 

2. Hyperten* 

3. pregnancy outcome* or pregnancy complication* obstetric complication* or obstetric labor 

complications/ or pregnancy, high-risk/ or delivery, obstetric or labor or live birth or obstetric labor, 

premature or premature birth or premature birth* or preterm birth* preterm deliver* or born preterm 

or caesarean section cesarean* or c-section or caesarean* or abortion, spontaneous or stillbirth or fetal 

death/ or infant mortality or maternal mortality or perinatal mortality or pre-eclampsia or eclampsia/ 

or HELLP/ or gestational age/ or infant, low birth weight/ or pregnancy/or or obstetric outcome* or 

normal birth* or live birth* or miscarriage* or stillbirth* or intrauterine death* or neonatal death*or 

antenatal haemorrhage* or postpartum haemorrhage* or antenatal haemorrhage* or postpartum 

hemorrage* or antepartum hemorrage* or antepartum haemorrhage* or postpartum complication*/ or 

special care baby unit admission* or SCBU admission* or neonatal intensive care unit admission* or 

NICU admission* or small for gestationa age or SGA or intrauterine growth restriction or IUGR or 

neonatal intraventricular hemorrage* or neonatal intraventricular haemorrhage*  

Search 1 AND 2 AND 3 

S3.2.2 Selection process and eligibility criteria 

 We used similar to the previously mentioned method, but the exposure is antihypertensive 

treatment, while the comparative groups divided into 1) untreated normotensive women and 

2) untreated women with chronic hypertension. One of us (SA) reviewed the titles and 

abstracts of all articles, studies not meeting the including criteria excluded. Then out of 254 

articles, two reviewers (SA and PB) independently reviewed these studies to decide about 

including studies. 

S3.2.3 Data collection process and quality assessment 

Similarly, one investigator (SA) extracted the data for all included studies (n=16), and the 

second investigator (DF) extracted the data independently for more than 50% of the included 

studies to ensure the validity of extracted data. The following details were extracted from each 

study: source of data, authors’ name, study design, study period, population characteristics 

(sample size, appropriateness of case and control recruitment, inclusion/exclusion criteria, and 

definition of exposure (type of antihypertensive agent / dose/ initiation of treatment), types of 

hypertension being treated, definitions of outcomes (maternal/fetal and neonatal), 

appropriateness of analyses, confounders adjusted for (if any), crude and adjusted estimates. 

Moreover, Newcastle-Ottawa Scale (NOS) was used to assess the study quality, and that was 

done independently by two investigators (SAK) and (LP). Any inconsistency between the two 

investigators resolved by a third investigator (ASK). 
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S3.3 Supplementary Tables S3.1-S3.27 

Table S3.1 Characteristics of studies for pre-eclampsia (PE) outcome 

Author, year 

published 
Country (ies) Design Sample size 

Study 

duration 

Definition of chronic 

hypertension 
Definition of outcome 

Newcastl

e-Ottawa 

grade 

Rey, 1994 

 
Canada 

Cohort 

(hospital-

based) 

20,375 

women 

1987 to 

1991 

Blood pressure (BP) >140/90 

mm Hg with a diagnosed before 

pregnancy or hypertension in at 

least two measurements<20 

weeks of pregnancy and/or 6 

weeks after delivery 

Superimposed PE: increase in SBP or DPB compared 

with the first trimester of 30 mm Hg and 15 mm Hg, 

respectively, with the appearance of protein excretion 

of >300 mg/day in a 24-hour collection, de novo 

thrombocytopenia, liver enzymes elevation, or 

coagulation disorders 

6 

Conde-

Agudelo, 

2000a 

Latin America 

and the 

Caribbean* 

Cohort, 

multicountry 

878,680 

pregnancies 

1985 to 

1997 

Chronic hypertension diagnosed 

using ICD-10 codes 

DBP≥90 mmHg on two or more consecutive occasions 

24 hours apart or a DBP≥10 mmHg on any one 

occasion plus proteinuria (one 24-hour urine collection 

with a total protein excretion of > 300 mg or ≥1+ on a 

urine dipstick) (ICD-10 codes) 

7 

Samadi, 

2001 

 

USA 

Case control 

(national-

based) 

 

182687 

women 

1988 to 

1996 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
ICD-9 codes 7 

Mostello, 

2002 
USA 

Case control 

(population-

based) 

4702 

women 

1989 to 

1997 

 

History of chronic hypertension NR (outcome includes PE and eclampsia) 7 

Zetterstrom, 

2005¥ 
Sweden 

Cohort 

(population- 

based) 

681,515 

women 

1992 to 

1998 

BP≥140/90 mmHg diagnosed 

before pregnancy, or before 20 

weeks’ gestation using (ICD-9 

and ICD-10 codes) 

Preeclampsia: DBP≥90 combined with proteinuria > 

300 mg/day or ≥1+ on a urine dipstick. 
8 

Catov, 2007 
Denmark 

 

Cohort 

(national-

based) 

69007 

women 

1997 to 

2003 

 

Hypertension reported before 

pregnancy or at the first 

interview (16weeks), and/or 

reported taking antihypertensive 

medication 

BP >140/90mmHg on at least three occasions) in 

combination with proteinuria of ≥300 mg/l. 
8 

Gilbert, 

2007 
USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 

2001 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
ICD-9 codes 8 
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Kiondo, 

2012 
Uganda 

Case control 

(hospital-

based) 

559 women 

2008 to 

2009 

 

History of chronic hypertension 

before pregnancy or at booking 

BP≥160 ⁄110 mmHg or two measurements of ≥140 ⁄90 

mmHg with one 24-hour urine collection with a total 

protein excretion of > 300 mg or ≥1+ on a urine 

dipstick 

6 

Bateman, 

2012 
USA 

Cohort 

(population- 

based) 

12,947,000 
2007 to 

2008 

Chronic hypertension was 

defined as hypertension without 

comorbidities using ICD-9 codes 

PE diagnosed using ICD-9 codes 8 

Yanit, 2012 USA 

Cohort 

(population- 

based) 

527,937 

mother-

infant pairs 

2006 

 

Chronic hypertension diagnosed 

using ICD-9 codes 

PE diagnosed using ICD-9 codes 

 
8 

Orbach, 

2013‡ 

 

Israel 

 

Cohort 

(population- 

based) 

100,029 

births 

1998 to 

2008 

Chronic hypertension diagnosed 

using ICD-9 codes 
PE diagnosed using ICD-9 codes 8 

Lisonkova, 

2013 
USA 

Cohort 

(population- 

based) 

456,668 

mother-

infant pairs 

2003 to 

2008 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
PE diagnosed using ICD-9 codes 8 

Guerrier, 

2013 
Nigeria 

Case control 

(hospital-

based) 

1676 women 
2010 to 

2011 
History of chronic hypertension 

Preeclampsia was defined as new hypertension with 

BP≥160/110 after 20 weeks of gestation in a woman 

who was normotensive before 20 weeks gestation, 

associated with proteinuria (≥2+ on a urine dipstick). 

Eclampsia was defined as occurrence of seizure and/or 

altered level of consciousness not caused by epilepsy 

or other convulsive disorders, with signs of severe 

preeclampsia 

6 

Aksornphusi

taphong, 

2013 

Thailand 

 

Case control 

(hospital-

based) 

898 women 

 

2005 to 

2010 

 

History of chronic hypertension 

Superimposed preeclampsia was defined as a new 

onset of proteinuria of at least 300 mg/24 h in 

hypertensive women but no proteinuria prior to 20 

weeks’ gestation, or a sudden increase in proteinuria 

or blood pressure in women with hypertension and 

proteinuria before 20 weeks’ gestation. 

6 

Block-

Abraham, 

2014 

USA 

Cohort 

(hospital-

based) 

614 

women 

2007 to 

2010 

 

hypertension as SBP>140 mm 

Hg or DBP>90 mm Hg or both 

new-onset or worsening proteinuria and maternal 

systolic blood pressure 140 mm Hg or greater or 

diastolic blood pressure 90 mm Hg or greater on two 

separate occasions, 6 or more hours apart, after 20 

weeks of gestation. Preeclampsia superimposed on 

chronic hypertension was defined as worsening blood 

6 
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pressure and increasing proteinuria after 20 weeks of 

gestation 

Bilano, 2014 23 countries** 

Cohort 

(International, 

multicountry) 

276,103 

women 

(2004-

2005 in 

Africa and 

Latin 

America), 

(2007-

2008 in 

Asia) 

Hypertension diagnosed before 

pregnancy, or before 20 weeks’ 

gestation 

high blood pressure (≥140 mmHg systolic or ≥90 

mmHg diastolic or increases of 30 mmHg systolic or 

15 mmHg diastolic from the baseline on at least two 

occasions six or more hours apart) that develops from 

the 20th, and proteinuria. 

7 

Abalos, 

2014 

 

29 countries*** 

 

Cohort 

(International, 

multicountry) 

312,115 

pregnancies 

2004 to 

2008 

 

BP >140/90 mmHg diagnosed 

before pregnancy, or before 20 

weeks’ gestation 

presence of hypertension (blood pressure >140/90 

mmHg) associated with proteinuria 

 

6 

Broekhuijse

n, 2015 

 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-

infant pairs 

2002 to 

2007 

 

BP ≥140/90 mmHg diagnosed 

before pregnancy, or before 20 

weeks’ gestation 

 

Preeclampsia is defined as at least one diastolic blood 

pressure measurement of at least 90mmHg combined 

with proteinuria of at least 300 mg/day or 1þ on a 

urine dipstick. Mild preeclampsia is defined as a 

diastolic blood pressure from 90 to 109mmHg 

combined with proteinuria of <500mg/day or 1þ or 2þ 

on a urine dipstick. Severe preeclampsia is defined as 

preeclampsia with either a diastolic blood pressure of 

at least 110mmHg or albuminuria of at least 

500mg/day or both 

8 

 

Panaitescu, 

2017 

 

UK 

Cohort 

(hospital-

based) 

109,932 

pregnancies 

March 

2006 and 

July 2015/ 

February 

2007 and 

November 

2015 

History of chronic hypertension 

Superimposed on PE was diagnosed according to the 

guidelines of the ISSHP: as development of significant 

proteinuria after 20 weeks' gestation in a previously 

non‐proteinuric woman 

8 

You S-H, 

2018 

 

Taiwan 

 

Cohort 

(population-

based) 

2,884,347 

 

2001 to 

2014 

 

Chronic hypertension was 

diagnosed using (ICD-9 codes) 

 

Two occasions of ≥ 140/90 mmHg after 20 weeks of 

gestation accompanied by proteinuria > 300 mg/day or 

≥1+ on dipstick based (using ICD-9 codes) 

8 
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Youngstrom, 

2018‡ 
USA 

Cohort 

(hospital-

based) 

1,306 

mother-

infant pairs 

2000 to 

2014 

History of hypertension or the 

use of antihypertensive 

medication before pregnancy 

BP ≥140/90 with either proteinuria (protein excretion 

≥300 mg in 24 hours or protein-to-creatinine 

ratio≥0.3), thrombocytopenia (less than 100,000/mL), 

transaminases (aspartate aminotransferase > twice the 

upper limit of normal), or elevated creatinine≥1.2 

mg/dL 

8 

* Uruguay, Argentina, Peru, Colombia, Honduras, Paraguay, Salvador, Chile , Bolivia, Costa Rica, Panama, Dominican Republic, Nicaragua, Brazil, Ecuador, Mexico, Bahamas, and Venezuela; **23 

countries; Algeria, Angola, Democratic Republic of Congo, Niger, Nigeria, Kenya, and Uganda from Africa; Argentina, Brazil, Cuba, Ecuador, Mexico, Nicaragua, Paraguay, and Peru from Latin America; 

and Cambodia, China, India, Nepal, Philippines, Sri Lanka, Thailand, and Vietnam from Asia; ***29 countries, African Region (Angola, DR Congo, Kenya, Niger, Nigeria and Uganda); Region of the 

Americas (Argentina, Brazil, Ecuador, Mexico, Nicaragua, Paraguay and Peru); Eastern Mediterranean Region (Afghanistan, Jordan, Lebanon, occupied Palestinian territory, Palestine, Pakistan and Qatar); 

South-East Asia Region (India, Nepal, Sri Lanka and Thailand); Western Pacific Region (Cambodia, China, Japan, Mongolia, Philippines and Vietnam); ¥ We combined the odds ratios for mild and severe pre-

eclampsia;‡ The odds ratios (ORs) from these studies were combined for treated and untreated women with chronic hypertension. 

Table S3.2 Characteristics of studies for hemolysis, elevated liver enzyme levels, and low platelet levels (HEELP) syndrome outcome 

Author, year 

published 
Country Design Sample size 

Study 

duratio

n 

Definition of 

chronic 

hypertension 

Definition of outcome 

Newcastl

e-Ottawa 

grade 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 1991 to 

2001 

Chronic 

hypertension 

diagnosed using 

ICD-9 codes 

HELLP syndrome diagnosed using ICD-9 codes 8 

Fitzpatrick, 

2014 
UK 

Case-control 

(national-based 
605 women 

2011-

2012 
NR 

Elevated liver enzymes: (Serum aspartate aminotransferase ≥70 

international units/L OR Gammaglutamy l transferase ≥70 

international units/L OR Alanine aminotransferase ≥70 

international units/L or greater) AND Low platelets, defined as 

platelet count< 1003109/L AND Hemolysis, defined by abnormal 

(fragmented or contracted red cells) peripheral blood smear or 

serum lactate dehydrogenase levels≥600 international units/L or 

total bilirubin ≥20.5 micromole/L OR BP≥140/90 mm Hg OR 

Proteinuria (≥1+ 0.3 g/L on dipstick testing, a protein:creatinine 

ratio ≥30 mg/mmol on a random sample, or a urine protein 

excretion ≥300 mg /24 h") 

7 

Malmstrom, 

2018 
Norway 

Cohort 

(population-

based) 

418,897 

pregnancies 

1999 to 

2014 

Clinical definitions 

based on 

Norwegian Society 

HELLP syndrome diagnosed based on Norwegian Society of 

Obstetricians and Gynaecologists 
8 
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of Obstetricians and 

Gynaecologists 

Table S3.3 Characteristics of studies for cesarean section (CS) outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Sass, 1990 Brazil 

Case control 

(hospital-

based) 

337 

births 

1985 to 1986 

 

DBP ≥90mmHg before pregnancy or up to 

20 weeks of pregnancy or hypertension at 

10 weeks postpartum (for those whose 

antenatal care was not at that hospital) 

CS (not specified) 4 

Hjertberg, 1992 Sweden 

Cohort 

(hospital-

based) 

2593 

births 
1986 to 1987 

Chronic hypertension before pregnancy 

before 24weeks’ gestation 
CS (not specified) 6 

Rey, 1994 

 
Canada 

Cohort 

(hospital-

based) 

20,375 

mothers 
1987 to 1991 

BP >140/90 mm Hg with a diagnosed 

before pregnancy or hypertension in at 

least two measurements<20 weeks of 

pregnancy and/or 6 weeks after delivery 

CS (not specified) 6 

Jain, 1997 USA 

Cohort 

(hospital-

based) 

109,428 

mother-infant 

pairs 

 

1982 to 1987 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg 

before pregnancy or before 20 weeks’ 

gestation. 

CS (not specified) 
7 

 

Lydakis, 1998 UK 

Cohort 

(hospital-

based) 

3,729 

births 

 

1980 to 1997 

Hypertension (DBP ≥110 mmHg OR DBP 

>90 mmHg on two or more occasions ≥4 h 

apart) at the first booking visit before the 

20 weeks’ gestation in the absence of 

trophoblastic disease, OR hypertension at 

any stage of pregnancy that continued for 

more than 6 weeks after delivery 

Emergency CS 6 

Hartikainen, 1998 

 
Finland 

Cohort 

(hospital-

based) 

8,050 

mother-infant 

pairs 

1985 to 1986 

 

Hypertension diagnosed before pregnancy 

and/or DBP > 90 mm Hg and/or 

antihypertensive medication, each<20 

weeks’ gestation 

CS (not specified) 6 
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Lydakis, 2001 UK 

Cohort 

(hospital-

based) 

238 births 1980 to 1997 

Hypertension (DBP ≥110 mmHg OR DBP 

>90 mmHg on two or more occasions ≥4 h 

apart) at the first booking visit before the 

20 weeks’ gestation in the absence of 

trophoblastic disease, OR hypertension at 

any stage of pregnancy that continued for 

more than 6 weeks after delivery 

Elective CS 6 

Vanek, 2004 Israel 

Cohort 

(hospital-

based) 

114,963 

mother-infant 

pairs 

1988 to 1999 

 

BP≥140/90 mmHg that measured at least 

twice at least 4 h apart that preceded 

pregnancy, or hypertension present before 

20 weeks’ gestation or that persists longer 

than the usual postpartum period (12 

weeks post-delivery) 

CS (not specified) 6 

Roberts, 2005 

 

Australia 

 

Cohort 

(population- 

based) 

227,067 

women and 

231,811 

infants 

2000 to 2002 

 

Chronic hypertension diagnosed ICD-10 

codes 
Emergency and elective CS  7 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 2001 

 

Chronic hypertension diagnosed using 

ICD-9 codes 
CS (not specified) 8 

Cruz, 2011 

 
USA 

Cohort 

(multicentre 

hospital- 

based) 

17,752 

births 
2002 and 2008 

Hypertension reported before pregnancy, 

or SBP≥140 mm Hg or DBP ≥90 mm Hg 

before 20 weeks’ gestation 

CS (not specified) 7 

Tuuli, 2011 USA 

Cohort 

(hospital-

based) 

58,135 

mother-infant 

pairs 

1990 to 2008 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg 

before pregnancy or before 20 weeks’ 

gestation 

CS (not specified) 8 

Madi, 2012 Brazil 

Cohort 

(hospital-

based) 

3,689 

mother-infant 

pairs 

1998 to 2009. 

 

BP≥140/90 mmHg that measured at least 

twice, before 20 weeks’ gestation, or 

persisting for ≥12 weeks post-delivery 

 

CS (not specified) 7 

Bateman, 2012 USA 

Cohort 

(population- 

based) 

12,947,000 

pregnancies 
2007 to 2008 

Chronic hypertension was defined as 

hypertension without comorbidities using 

ICD-9 codes  

CS (not specified) 8 

Ye, 2014 China 

 Cohort 

(population- 

based) 

108,550 

Pregnancies 

from 

2011 to 2011 

 

BP≥140/90 mmHg before pregnancy or 

diagnosed before 20 weeks’ gestation or 

developed hypertension after 20 weeks of 

CS (not specified) 7 
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106, 869 

women 

gestation and continued for 12 weeks of 

postpartum 

Janoudi, 2015 Canada 

Cohort 

(hospital-

based) 

134,088 births 
2011to 2012 

 
NR CS (not specified) 8 

Broekhuijsen, 

2015 

 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-infant 

pairs 

2002 to 2007 

 

BP ≥140/90 mmHg diagnosed before 

pregnancy, or before 20 weeks’ gestation 

 

Elective CS 
8 

 

Panaitescu, 2017 UK 

Cohort 

(hospital-

based) 

109,932 

pregnancies 

March 2006 

and July 2015/ 

February 2007 

and November 

2015 

History of chronic hypertension  
Emergency and elective CS 

 
8 



 

265 

 

 

 

 

 

 

 

  

Table S3.4 Characteristics of studies for post-partum haemorrhage (PPH) outcome 

Author, year 

published 
Country Design Sample size 

Study 

duratio

n 

Definition of chronic hypertension 
Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Vanek, 2004 Israel 

Cohort 

(hospital-

based) 

114,963 

mother-infant 

pairs 

1988 to 

1999 

 

BP≥140/90 mmHg that measured at least twice, before 20 

weeks’ gestation, or persisting for ≥12 weeks post-delivery 

Postpartum 

haemorrhage 
6 

Roberts, 2005 

 

Australia 

 

Cohort 

(population- 

based) 

227,067 

women and 

231,811 

infants 

2000 to 

2002 

 

ICD-10 codes 
Postpartum 

haemorrhage 
7 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 

2001 

 

Chronic hypertension diagnosed using ICD-9 codes 

Diagnosed 

using ICD-9 

codes 

8 

Cruz, 2011 

 
USA 

Cohort 

(multicentre 

hospital- 

based) 

17,752 

 

2002 

and 

2008 

Hypertension reported before pregnancy, or SBP≥140 mm Hg 

or DBP ≥90 mm Hg before 20 weeks’ gestation 

Postpartum 

haemorrhage 
7 

Ye, 2014 China 

Cohort 

(population- 

based) 

108,550 

Pregnancies 

from 

106, 869 

women 

2011 to 

2011 

 

BP≥140/90 mmHg before pregnancy or diagnosed before 20 

weeks’ gestation or developed hypertension after 20 weeks of 

gestation and continued for 12 weeks of postpartum  

Postpartum 

haemorrhage  
7 

Broekhuijsen, 

2015 

 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-infant 

pairs 

2002 to 

2007 

 

BP ≥140/90 mmHg diagnosed before pregnancy, or before 20 

weeks’ gestation 

 

Postpartum 

haemorrhage  

8 
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Table S3.5 Characteristics of studies for maternal mortality outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 2001 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
Maternal in hospital death 8 

Kuklina, 2009 USA 

Cohort 

(population-

based) 

34,321,769 

births 

 

1998 to 2006 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
Maternal death 8 

Bateman, 2012 USA 

Cohort 

(population- 

based) 

12,947,000 

pregnancies 
2007 to 2008 

Chronic hypertension diagnosed 

using ICD-9 codes 
Maternal death 8 

Campbell, 2013 USA 

Cohort 

(population-

based) 

1,078,553 1995 to 2003 
Chronic hypertension diagnosed 

using ICD-9 codes 

Maternal death considered present if it 

was identified in the discharge 

diagnosis codes, if it was noted on the 

birth certificate, or if it was present on 

both when possible 

8 

Table S3.6 Characteristics of studies for stillbirth outcome 

Author, year 

published 
Country (ies) Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Copper, 1994 USA 

Cohort 

(population- 

based) 

34,350 births 1982-1986 NR 

Birth of a fetus at 20 weeks’ gestation 

or later with an APGAR score of 0 at 1 

and 5 minutes 

7 

Ananth, 1995a USA 

Cohort 

(population- 

based) 

371,123 

mother-

infant pairs 

1988 and 1991 

 

NR 

 

Fetal death (early≤20 weeks and 

late>28 weeks) and further defined into 

antepartum and intrapartum death 

8 
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Jain, 1997 USA 
Cohort 

(hospital-based) 

109,428 

mother-

infant pairs 

 

1982 to 1987 

 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before pregnancy or before 

20 weeks’ gestation 

NR 7 

Lydakis, 1998 

 
UK 

Cohort 

(hospital-based) 

3,729 births 

 
1980 to 1997 

Hypertension (DBP ≥110 mmHg 

OR DBP >90 mmHg on two or 

more occasions ≥4 h apart) at the 

first booking visit before the 20 

weeks’ gestation in the absence of 

trophoblastic disease, OR 

hypertension at any stage of 

pregnancy that continued for more 

than 6 weeks after delivery 

Intrauterine fetal death at >24 weeks’ 

gestation with an Apgar score 0 at 1 

min 

6 

Conde-Agudelo, 

2000b 

Latin America 

and the 

Caribbean* 

Cohort 

(multicountry) 

837,232 

births 

 

1985 to 1997 

 

History of chronic hypertension 

using ICD-10 codes 
Fetal death at≥20 weeks’ gestation 7 

Allen, 2004 Canada 

Cohort 

(population- 

based) 

123,160 

births 

1988 to 2000 

 

Hypertension reported before 

pregnancy, or prior to 20 weeks’ 

gestation 

Fetal death at≥20 weeks’ gestation and 

birthweight ≥ 500 grams 
9 

Canterino, 2004 USA 

Cohort 

(population- 

based) 

21,610,873 

mother-

infant pairs 

1995 to 2000 

 

Hypertension before pregnancy or 

before 20 weeks’ gestation 
Fetal death at≥24 weeks’ gestation 7 

Roberts, 2005 
Australia 

 

Cohort 

(population- 

based) 

227,067 

women and 

231,811 

infants 

2000 to 2002 

 

Chronic hypertension diagnosed 

using ICD-10 codes 
Fetal death at≥20 weeks’ gestation 7 

Aagaard-Tillery, 

2006 
USA 

Case control 

(population-

based) 

4306 

 

1992 to 2002 

 
NR 

Fetal death at≥20 weeks’ gestation or 

weighing ≥400g 
6 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 2001 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
ICD-9 –CM codes 8 

Zetterstrom, 2008 
Sweden 

 

Cohort 

(population- 

based) 

866,188 

mother-

infant pairs 

1992 to 2004 

 

BP≥140/90 mmHg diagnosed 

before pregnancy, or before 20 

weeks’ gestation using (ICD-9 and 

ICD-10 codes) 

Intrauterine fetal death at ≥28 weeks’ 

gestation 
8 



 

268 

 

Reddy, 2010 USA 

Cohort 

(population- 

based) 

160,954 

 

2002 to 2008 

 

Chronic hypertension diagnosed 

using ICD-9 codes 

Antepartum stillbirth defined as fetus 

having no signs of life before labor 

with an Apgar scores of 0 and 0 at 1 

minute and 5 minutes 

7 

Tuuli, 2011 USA 
Cohort 

(hospital- based) 

58,135 

mother-

infant pairs 

1990 to 2008 

 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before pregnancy or before 

20 weeks’ gestation 

Fetal death at≥20 weeks’ gestation 8 

 

Yanit, 2012 
USA 

Cohort 

(population- 

based) 

527,937 

mother-

infant pairs 

2006 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
NR 8 

Bateman, 2012 USA 

Cohort 

(population- 

based) 

12,947,000 

pregnancies 
2007 to 2008 

Chronic hypertension diagnosed 

using ICD-9 codes 
ICD-9 codes 8 

Ahmad, 2012 
Norway 

 

Cohort 

(population- 

based) 

2,027,042 

mother-

infant pairs 

1967 to 2006 

 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before 20 weeks’ gestation 

(ICD-8 and ICD-10 codes) 

 

Fetal death ≥20 weeks’ gestation 7 

Madi, 2012 Brazil 
Cohort 

(hospital- based) 

3,689 

mother-

infant pairs 

1998 to 2009. 

 

BP≥140/90 mmHg that measured at 

least twice, before 20 weeks’ 

gestation, or persisting for ≥12 

weeks post-delivery 

Fetal death 7 

Yerlikaya, 2016 UK 
Cohort 

(hospital- based) 

113,415 

mother-

infant pairs 

2006 to 

2015 

 

History of chronic hypertension Fetal death ≥24 weeks’ gestation 8 

Panaitescu, 2017 UK 
Cohort 

(hospital-based) 

109,932 

pregnancies 

March 2006 

and July 2015/ 

February 2007 

and November 

2015 

History of chronic hypertension Fatal death ≥24 weeks 8 

Xiong, 2018 China 

Cohort 

(population-

based) 

6,970,032 

births 
2012 to 2016 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before pregnancy or before 

20 weeks’ gestation. 

Stillbirth defined according to WHO of 

3rd trimester stillbirth definition 
8 

Youngstrom, 

2018‡ 
USA 

Cohort 

(hospital- based) 

1,306 

mother-

infant pairs 

2000 to 2014 

History of hypertension or the use 

of antihypertensive medication 

before pregnancy 

NR 8 
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Table S3.7 Characteristics of studies for very preterm birth (VPTB) outcome 

*Uruguay, Argentina, Peru, Colombia, Honduras, Paraguay, Salvador, Chile , Bolivia, Costa Rica, Panama, Dominican Republic, Nicaragua, Brazil, Ecuador, Mexico, Bahamas, and Venezuela. ‡ Odds 

ratios from this study was combined for treated and untreated women with chronic hypertension. 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Ananth, 1995b USA 

Cohort 

(population- 

based) 

276,876 

 

1988 and 1990 

 

Chronic hypertension obtained from 

medical records; no further details 

provided 

<33 weeks’ gestation 
8 

 

McCowan, 1996 

 

New Zealand 

 

Cohort 

(hospital-

based) 

20,224 

mother-infant 

pairs 

1991 to 1993 

 

DBP>90 mmHg before 20 weeks 

gestation, pre-existing history of essential 

hypertension and/or on antihypertensive 

medication before the pregnancy 

<32 weeks’ gestation 
6 

 

Roberts, 2005 

 

Australia 

 

Cohort 

(population- 

based) 

227,067 

women and 

231,811 

infants 

2000 to 2002 

 

chronic hypertension diagnosed using 

ICD-10 codes 
28-32 weeks’ gestation 7 

Tuuli, 2011 USA 

Cohort 

(hospital-

based) 

58,135 

mother-infant 

pairs 

1990 to 2008 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg 

before pregnancy or before 20 weeks’ 

gestation 

<32 weeks’ gestation 8 

Ferrazzani, 2011 Italy 

Cohort 

(hospital-

based) 

1,154 

Women 

1986 and 1995 

 

Hypertension diagnosed before pregnancy 

and/or DBP ≥90 mm Hg and/or on 

antihypertensive medication, each before 

20 weeks’ gestation uncomplicated by de 

novo proteinuria 

<32 weeks’ gestation 
6 

 

 

Yanit, 2012 
USA 

Cohort 

(population- 

based) 

527,937 

mother-infant 

pairs 

2006 

 

Chronic hypertension diagnosed using 

ICD-9 codes 
<32 weeks’ gestation 8 

Broekhuijsen, 

2015 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-infant 

pairs 

2002 to 2007 

 

BP ≥140/90 mmHg diagnosed before 

pregnancy, or before 20 weeks’ gestation 
<32 weeks’ gestation 

8 
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Table S3.8 Characteristics of studies for preterm birth (PTB) outcome 

Yang, 2015 China 

Cohort 

(national-

based) 

344,929 

 

2010 and 2013 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg on 

a single occasion after participants rested 

for ≥10 minutes 

<32 weeks’ gestation, but 

after 28 weeks 
6 

Panaitescu, 2017 UK 

Cohort 

(hospital-

based) 

109,932 

pregnancies 

March 2006 

and July 2015/ 

February 2007 

and November 

2015 

History of chronic hypertension 

<34 weeks’ gestation 

(medically indicated 

and spontaneous) * 

8 

*we combined the estimates for both medically indicated and spontaneous as it was the only study reported that for VPTB 

Author, year 

published 
Country (ies) Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Acien,1990 

 
Spain 

Cohort 

(hospital-

based) 

236 pregnancies 

and 238 newborns 

 

1979 and 

1986 

 

NR 33-36 weeks’ gestation 
4 

 

Rey, 1994 

 
Canada 

Cohort 

(hospital-

based) 

20,375 

mothers 

1987 to 

1991 

BP>140/90 mm Hg with a diagnosed before 

pregnancy or hypertension in at least two 

measurements<20 weeks of pregnancy and/or 

6 weeks after delivery 

NR 6 

Velentgas, 1994 USA 

Cohort 

(population-

based) 

14,562 

mother-infant 

pairs 

1984-1990 

 
NR <37 weeks’ gestation 

6 

 

Ananth, 1995b 

 
USA 

Cohort 

(population- 

based) 

276,876 

 

1988 and 

1990 

 

Chronic hypertension obtained from medical 

records; no further details provided 
<37 weeks’ gestation 

8 

 

McCowan, 1996 

 

New Zealand 

 

Cohort 

(hospital-

based) 

20,224 

mother-infant 

pairs 

1991 to 

1993 

 

DBP>90 mmHg before 20 weeks gestation, 

pre-existing history of essential hypertension 

and/or on antihypertensive medication before 

the pregnancy 

<37 weeks’ gestation 
6 

 

Jain, 1997 USA 

Cohort 

(hospital-

based) 

109,428 mother-

infant pairs 

1982 to 

1987 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg before 

pregnancy or before 20 weeks’ gestation. 
NR 

7 
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Hartikainen, 1998 

 
Finland 

Cohort 

(hospital-

based) 

8,050 

mother-infant 

pairs 

1985 to 

1986 

 

Hypertension diagnosed before pregnancy 

and/or DBP >90 mm Hg and/ or 

antihypertensive medication, each<20 weeks’ 

gestation 

<37 weeks’ gestation 6 

Meis, 1998 USA 
Cohort (multi-

centres) 

2929 

Women 

1992 to 

1994 

 

BP≥140/90 mmHg before 20 weeks’ gestation 

<37 weeks’ gestation 

(<259 days’) gestation, 

(medically indicated) 

7 

Samadi, 1998 USA 

Case control 

(hospital-

based) 

25,060 

 

1988 and 

1993 

 

Chronic hypertension diagnosed using ICD-9 

codes 

<37 weeks’ gestation 

(spontaneous) 
7 

Lydakis, 2001 UK 

Cohort 

(hospital-

based) 

238 births 
1980 to 

1997 

Hypertension (DBP ≥110 mmHg OR DBP 

>90 mmHg on two or more occasions ≥4 h 

apart) at the first booking visit before the 20 

weeks’ gestation in the absence of 

trophoblastic disease, OR hypertension at any 

stage of pregnancy that continued for more 

than 6 weeks after delivery 

<37 weeks’ gestation 6 

Roberts, 2005 
Australia 

 

Cohort 

(population- 

based) 

227,067 women 

and 

231,811 

infants 

2000 to 

2002 

 

Chronic hypertension diagnosed using ICD-10 

codes 
33-36 weeks’ gestation 7 

Graham, 2007 USA 

Cohort 

(population- 

based) 

202,931 

mother-infant 

pairs 

1999 to 

2003 

 

Hypertension diagnosed before pregnancy 

 
<37 weeks’ gestation 7 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 

2001 

 

Chronic hypertension diagnosed using ICD-9 

codes 
<37 weeks’ gestation 8 

Carter, 2011 USA 

Cohort 

(population- 

based) 

259,576 Births 

 

2000 to 

2008 

 

NR <37 weeks’ gestation 6 

Ferrazzani, 2011 Italy 

Cohort 

(hospital-

based) 

1,154 

Women 

1986 and 

1995 

 

Hypertension diagnosed before pregnancy 

and/or DBP ≥90 mm Hg and/or on 

antihypertensive medication, each before 20 

weeks’ gestation uncomplicated by de novo 

proteinuria 

<37 weeks’ gestation 
6 
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Tuuli, 2011 USA 

Cohort 

(hospital-

based) 

58,135 

mother-infant 

pairs 

1990 to 

2008 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg before 

pregnancy or before 20 weeks’ gestation 
<37 weeks’ gestation 8 

Bateman, 2012 USA 

Cohort 

(population- 

based) 

12,947,000 

pregnancies 

2007 to 

2008 

Chronic hypertension diagnosed using ICD-9 

codes 

<37 weeks’ gestation 

(spontaneous) 
8 

Yanit, 2012 USA 

Cohort 

(population- 

based) 

527,937 

mother-infant 

pairs 

2006 

 

Chronic hypertension diagnosed using ICD-9 

codes 
<37 weeks’ gestation 8 

Orbach, 2013‡ 
Israel 

 

Cohort 

(population- 

based) 

100,029 

births 

1998 to 

2008 

Chronic hypertension diagnosed using ICD-9 

codes 
<37 weeks’ gestation 8 

Su, 2013 
Taiwan 

 

Cohort 

(population- 

based) 

10,908 

mother-infant 

pairs 

2005 to 

2005 

 

Chronic hypertension diagnosed using ICD-9-

CM codes 

 

<37 weeks’ gestation 8 

Morisaki, 2014 29 countries* 
Cohort, 

multicountry 

299,878 

women 

2010 to 

2011 

 

NR <37 weeks’ gestation 7 

Ye, 2014 China 

Cohort 

(population- 

based) 

108,550 

Pregnancies from 

106, 869 women 

2011 to 

2011 

 

BP≥140/90 mmHg before pregnancy or 

diagnosed before 20 weeks’ gestation or 

developed hypertension after 20 weeks of 

gestation and continued for 12 weeks of 

postpartum 

<37 weeks’ gestation 

(after 20 weeks and 

before 37) 

7 

Arora, 2015 5 countries** 
Cohort, 

multicountry 
37 661 births 

2007 to 

2009 

 

History of chronic hypertension <37 weeks’ gestation 6 

Broekhuijsen, 

2015 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-infant 

pairs 

2002 to 

2007 

 

BP ≥140/90 mmHg diagnosed before 

pregnancy, or before 20 weeks’ gestation 
<37 weeks’ gestation 

8 

 

Derakhshi, 2014 
Iran 

 

Case control 

(hospital-

based) 

600 births 2012 NR <37 weeks’ gestation 5 

Tucker, 2015 USA 

Cohort 

(Medicaid 

patients) 

15,428 women 

 

2011 to 

2012 

 

NR 24–36 weeks’ gestation 7 
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Yang, 2015 China 

Cohort 

(national-

based) 

344,929 

 

2010 and 

2013 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg on a 

single occasion after participants rested for 

≥10 minutes 

<37 weeks’ gestation 6 

Premkumar, 2016 USA 

Cohort 

(hospital-

based) 

23,425 women 

 

2002 to 

2015 

 

SBP> 140 mm Hg or DBP> 90 mm Hg 

recorded on at least 2 separate occasions >6 

hours apart before 20 weeks’ gestation 

<37 weeks’ gestation< 

37 weeks’ gestation 

( medically indicated 

and spontaneous) 

9 

Souza, 2016 
Brazil 

 

Case control 

(multicentre) 

2614 

Births 

2011 to 

2012 

 

NR <37 weeks’ gestation 6 

Panaitescu, 2017 UK 

Cohort 

(hospital-

based) 

109,932 

pregnancies 

March 

2006 and 

July 2015/ 

February 

2007 and 

November 

2015 

History of chronic hypertension 

<37 weeks’ gestation 

(medically indicated 

and spontaneous) 

8 

Campbell, 2018 Canada 

Cohort 

(population-

based) 

26,654 live births 

 

2009 to 

2014 

 

NR 
<37 weeks’ gestation 

(live births) 

6 

 

Youngstrom, 

2018‡ 
USA 

Cohort 

(hospital-

based) 

1,306 mother-

infant pairs 

2000 to 

2014 

History of hypertension or the use of 

antihypertensive medication before pregnancy 
<37 weeks’ gestation 8 

*29 countries: African Region (Angola, DR Congo, Kenya, Niger, Nigeria and Uganda); Region of the Americas (Argentina, Brazil, Ecuador, Mexico, Nicaragua, Paraguay and Peru); Eastern 

Mediterranean Region (Afghanistan, Jordan, Lebanon, occupied Palestinian territory, Palestine, Pakistan and Qatar); South-East Asia Region (India, Nepal, Sri Lanka and Thailand); Western Pacific 

Region (Cambodia, China, Japan, Mongolia, Philippines and Vietnam); ** Czech Republic, Hungary, Romania, Slovakia, and Ukraine; ‡ The ORs from these studies were combined for treated and 

untreated women with chronic hypertension. 
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Table S3.9 Characteristics of studies for small for gestational age (SGA) outcome 

Author, year 

published 
Country (ies) Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Sass, 1990 Brazil 
Case control 

(hospital-based) 
337 Births 

1985 to 1986 

 

DBP ≥90mmHg before pregnancy or up to 

20 weeks’ gestation or hypertension at 10 

weeks postpartum (for those whose 

antenatal care was not at that hospital). 

birthweight <10th percentile 

for gestational age 
4 

Acien,1990 Spain 
Cohort 

(hospital-based) 

236 

pregnancies 

and 238 

newborns 

 

1979 and 1986 

 
NR 

birthweight <10th percentile 

for gestational age 

4 

 

Rey, 1994 Canada 
Cohort 

(hospital-based) 

20,375 

mothers 
1987 to 1991 

BP>140/90 mm Hg with a diagnosed 

before pregnancy or hypertension in at 

least two measurements<20 weeks of 

pregnancy and/or 6 weeks after delivery 

birthweight <10th percentile 

for gestational age 
6 

Ananth, 1995b 

 
USA 

Cohort 

(population- 

based) 

276,876 

 

1988 and 1990 

 

Chronic hypertension obtained from 

medical records; no further details 

provided 

birthweight <10th percentile 

for gestational age 

8 

 

McCowan, 1996 

 

New Zealand 

 

Cohort 

(hospital-based) 

20,224 

mother-

infant pairs 

1991 to 1993 

 

DBP>90 mmHg before 20 weeks 

gestation, pre-existing history of essential 

hypertension and/or on antihypertensive 

medication before the pregnancy 

birthweight <5th percentile 

for gestational age 

6 

 

Haelterman, 1997 France 
Cohort 

(multicentre) 

1938 

mother-

infant pairs 

1991 to 1993 

 

DBP ≥90 mmHg on two or more 

consecutive occasions at least 4 h apart or 

SBP>160 mmHg before 21 weeks’ 

gestation OR women with a prior history 

of hypertension and were on 

antihypertensive treatment. 

birthweight <5th percentile 

for gestational age 
6 

Jain, 1997 USA 
Cohort 

(hospital-based) 

109,428 

mother-

infant pairs 

 

1982 to 1987 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg 

before pregnancy or before 20 weeks’ 

gestation. 

Intrauterine growth 

restriction (NR) 

7 

 

Hartikainen, 1998 Finland 
Cohort 

(hospital-based) 
8,050 

1985 to 1986 

 

Hypertension diagnosed before pregnancy 

and/or DBP > 90 mm Hg and/ or 

birthweight <10th percentile 

for gestational age 
6 
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mother-

infant pairs 

antihypertensive medication, each<20th 

week 

Lydakis, 2001 UK 
Cohort 

(hospital-based) 
238 births 1980 to 1997 

Hypertension (DBP ≥110 mmHg OR DBP 

>90 mmHg on two or more occasions ≥4 h 

apart) at the first booking visit before the 

20th week of pregnancy in the absence of 

trophoblastic disease, OR hypertension at 

any stage of pregnancy that continued for 

more than 6 weeks after delivery. 

birthweight <5th percentile 

for gestational age 
6 

Allen, 2004 Canada 

Cohort 

(population- 

based) 

123,160 

births 

1988 to 2000 

 

Hypertension reported before pregnancy, 

or before to 20 weeks’ gestation 

birthweight <5th percentile 

for gestational age 

9 

 

Vanek, 2004 Israel 
Cohort 

(hospital-based) 

114,963 

mother-

infant pairs 

1988 to 1999 

 

BP≥140/90 mmHg that measured at least 

twice, before 20 weeks’ gestation, or 

persisting for ≥12 weeks post-delivery 

NR 
6 

 

Roberts, 2005 
Australia 

 

Cohort 

(population- 

based) 

227,067 

women and 

231,811 

infants 

2000 to 2002 

 

chronic hypertension diagnosed using 

ICD-10 codes 

birthweight <10th percentile 

for gestational age 
7 

Odibo, 2006 USA 
Case control 

(hospital-based) 
2472 

1997 to 2004 

 
NR 

birthweight <10th percentile 

for gestational age 
7 

Rasmussen, 2006 
Norway 

 

Cohort 

(population- 

based) 

404,400 

mother-

infant pairs 

1999 to 2002 

 
NR 

birthweight <10th percentile 

for gestational age 
6 

Zetterstrom, 2006 
Sweden 

 

Cohort 

(population- 

based) 

560,188 

mother-

infant pairs 

1992 to 1998 

 

BP≥140/90 mmHg diagnosed before 

pregnancy, or before 20 weeks’ gestation 

using (ICD-9 and ICD-10 codes) 

<2 standard deviations 

below the mean birth weight 

adjusted for gestational age 

and sex 

8 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 2001 

 

Chronic hypertension diagnosed using 

ICD-9 codes 
ICD-9 codes 8 

Catov, 2008 
Denmark 

 

Cohort 

(national-based) 

81,008 

mother-

infant pairs 

1996 to 2002 

 

Hypertension reported before pregnancy or 

at the first interview (16 weeks), and/or 

reported taking antihypertensive 

medication 

<2 standard deviations 

below the mean birth weight 
8 
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Cruz, 2011 USA 

Cohort 

(multicentre 

hospital- based) 

17,752 

 
2002 and 2008 

Hypertension reported before pregnancy, 

or SBP≥140 mm Hg or DBP ≥90 mm Hg 

before 20 weeks’ gestation 

birthweight <10th percentile 

for gestational age 
7 

Poon, 2011 UK 
Cohort 

(hospital-based) 

33,602 

pregnancies 

2006 to 

2009 

 

History of chronic hypertension 
birthweight <5th percentile 

for gestational age 
6 

Tuuli, 2011 USA 
Cohort 

(hospital-based) 

58,135 

mother-

infant pairs 

1990 to 2008 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg 

before pregnancy or before 20 weeks’ 

gestation 

birthweight <10th percentile 

for gestational age 
8 

Bateman, 2012 USA 

Cohort 

(population- 

based) 

12,947,000 

pregnancies 
2007 to 2008 

Chronic hypertension diagnosed using 

ICD-9 codes 
ICD-9 codes 8 

Madi, 2012 Brazil 
Cohort 

(hospital-based) 

3,689 

mother-

infant pairs 

1998 to 2009. 

 

BP≥140/90 mmHg that measured at least 

twice, before 20 weeks’ gestation, or 

persisting for ≥12 weeks post-delivery 

NR 7 

Yanit, 2012 USA 

Cohort 

(population- 

based) 

527,937 

mother-

infant pairs 

2006 

 

Chronic hypertension diagnosed using 

ICD-9 codes 

birthweight <10th percentile 

for gestational age 
8 

Anderson, 2013 
New Zealand 

 

Cohort 

(population- 

based) 

24,434 

mother-

infant pairs 

2006 

to 2009 

 

Chronic hypertension diagnosed based on 

the International Society for the Study of 

Hypertension in Pregnancy guidelines 

 

birthweight <10th percentile 

for gestational age 
8 

Orbach, 2013‡ 
Israel 

 

Cohort 

(population- 

based) 

100,029 

births 
1998 to 2008 

Chronic hypertension diagnosed using 

ICD-9 codes 
ICD-9 codes 8 

Su, 2013 
Taiwan 

 

Cohort 

(population- 

based) 

10,908 

mother-

infant pairs 

2005 to 2005 

 

Chronic hypertension diagnosed using 

ICD-9 CM codes 

birthweight <10th percentile 

for gestational age 
8 

Ota, 2014 
29 countries* 

 

Cohort 

(international, 

multicountry) 

245,773 

mother-

infant pairs 

2010 to 2011 

 

NR 

 

birthweight <10th percentile 

for gestational age 

7 

 

Xaverius, 2014 USA 

Cohort 

(population- 

based) 

142,017 

mother-

infant pairs 

2000-2009 

 
History of chronic hypertension 

birthweight <10th percentile 

for gestational age 
7 
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Broekhuijsen, 

2015 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-

infant pairs 

2002 to 2007 

 

BP ≥140/90 mmHg diagnosed before 

pregnancy, or before 20 weeks’ gestation 

 

birthweight <10th percentile 

for gestational age 

8 

 

Panaitescu, 2017 

 
UK 

Cohort 

(hospital-based) 

109,932 

pregnancies 

March 2006 

and July 2015/ 

February 2007 

and November 

2015 

History of chronic hypertension 
birthweight <10th percentile 

for gestational age 
8 

Campbell, 2018 Canada 

Cohort 

(population-

based) 

26,654 live 

births 

 

2009 to 2014 

 
NR 

birthweight <10th percentile 

for gestational age 

6 

 

Youngstrom, 

2018‡ 
USA 

Cohort 

(hospital-based) 

1,306 

mother-

infant pairs 

2000 to 2014 

History of hypertension or the use of 

antihypertensive medication before 

pregnancy 

birthweight <10th percentile 

for gestational age 
8 

*29 countries: African Region (Angola, DR Congo, Kenya, Niger, Nigeria and Uganda); Region of the Americas (Argentina, Brazil, Ecuador, Mexico, Nicaragua, Paraguay and Peru); Eastern 

Mediterranean Region (Afghanistan, Jordan, Lebanon, occupied Palestinian territory, Palestine, Pakistan and Qatar); South-East Asia Region (India, Nepal, Sri Lanka and Thailand); Western Pacific 

Region (Cambodia, China, Japan, Mongolia, Philippines and Vietnam); ‡ The ORs from these studies were combined for treated and untreated women with chronic hypertension 
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Table S3.10 Characteristics of studies for low birth weight (LBW) outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Velentgas, 1994 USA 

Cohort 

(population- 

based) 

14,562 

mother-infant 

pairs 

1984-1990 

 
NR birth weight of <2500 grams 

6 

 

Ananth, 1995b USA 

Cohort 

(population- 

based) 

276,876 

 

1988 and 1990 

 

Chronic hypertension obtained from medical 

records; no further details provided 

birth weight of <2500 

grams‡ 

8 

 

Hartikainen, 1998 Finland 

Cohort 

(hospital-

based) 

8,050 

mother-infant 

pairs 

1985 to 1986 

 

Hypertension diagnosed before pregnancy 

and/or DBP > 90 mm Hg and/or 

antihypertensive medication, each<20 weeks’ 

gestation 

birth weight of <2500 grams 6 

Lydakis, 1998 UK 

Cohort 

(hospital-

based) 

3,729 births 

 
1980 to 1997 

Hypertension (DBP ≥110 mmHg OR DBP 

>90 mmHg on two or more occasions ≥4 h 

apart) at the first booking visit before the 20 

weeks’ gestation in the absence of 

trophoblastic disease, OR hypertension at any 

stage of pregnancy that continued for more 

than 6 weeks after delivery 

birth weight of <2000 grams 6 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 2001 

 

Chronic hypertension diagnosed using ICD-9 

codes 
birth weight of ≤2500 grams 8 

Graham, 2007 USA 
Population- 

based 

202,931 

mother-infant 

pairs 

1999 to 2003 

 
Hypertension diagnosed before pregnancy birth weight of <2500 grams 7 

Odell, 2006 USA 

Population- 

based (Black 

women only) 

16,578 

 

1996 to 2000 

 

History of chronic hypertension diagnosed 

using ICD 9 codes 
birth weight of <2500 grams 7 

Vahdaninia, 2008 Iran 

Cohort 

(hospital-

based) 

3733 

mother-infant 

pairs 

2005 

 
NR birth weight of <2500 grams 7 
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Madi, 2012 Brazil 

Cohort 

(hospital-

based) 

3,689 

mother-infant 

pairs 

1998 to 2009. 

 

BP≥140/90 mmHg that measured at least 

twice, before 20 weeks’ gestation, or 

persisting for ≥12 weeks post-delivery 

 

birth weight of ≤2500 grams 
7 

 

Su, 2013 Taiwan 

Cohort 

(population- 

based) 

10,908 

mother-infant 

pairs 

2005 to 2005 

 

Chronic hypertension diagnosed using ICD-9 

CM codes 
birth weight of <2500 grams 8 

Ye, 2014 China 

Cohort 

(population- 

based) 

108,550 

Pregnancies 

from 

106, 869 

women 

2011 to 2011 

 

BP≥140/90 mmHg before pregnancy or 

diagnosed before 20 weeks’ gestation or 

developed hypertension after 20 weeks of 

gestation and continued for 12 weeks of 

postpartum 

birth weight of <2500 grams 7 

Harvey, 2017 USA 

Case control 

(hospital-

based) 

862 births 

 

2010 to 2011 

 
NR birth weight of <2500 grams 8 

Campbell, 2018 Canada 

Cohort 

(population-

based) 

26,654 live 

births 

 

2009 to 2014 

 
NR birth weight of <2500 grams 

6 

 

Hailu,2018 
Ethiopia 

 

Case control 

(hospital-

based) 

441 births 
2016 

 
NR birth weight of <2500 grams 6 

‡ We combined the ORs for birthweight < 1,499 g and birthweight (1,500-2,499 g)  
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Table S3.11 Characteristics of studies for neonatal death outcome 

 

  

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Jain, 1997 USA 

Cohort 

(hospital-

based) 

109,428 

mother-infant 

pairs 

 

1982 to 1987 

 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before pregnancy or before 

20 weeks’ gestation. 

NR 7 

Gilbert, 2007 USA 

Cohort 

(population- 

based) 

4,324,902 

pregnancies 

1991 to 2001 

 

Chronic hypertension diagnosed 

using ICD-9 codes 
ICD-9 –CM codes 8 

Zetterstrom, 2008 
Sweden 

 

Cohort 

(population- 

based) 

866,188 

mother-infant 

pairs 

1992 to 2004 

 

BP≥140/90 mmHg diagnosed 

before pregnancy, or before 20 

weeks’ gestation using (ICD-9 and 

ICD-10 codes) 

Neonatal death of an infant born live at 

any week of gestation, within 27 days 

of birth 

8 

Madi, 2012 Brazil 

Cohort 

(hospital-

based) 

3,689 

mother-infant 

pairs 

1998 to 2009. 

 

BP≥140/90 mmHg that measured at 

least twice, before 20 weeks’ 

gestation, or persisting for ≥12 

weeks post-delivery 

Neonatal mortality 7 

Youngstrom, 

2018‡ 
USA 

Cohort 

(hospital-

based) 

1,306 mother-

infant pairs 
2000 to 2014 

History of hypertension or the use 

of antihypertensive medication 

before pregnancy 

NR 8 

‡ The ORs from this study was combined for treated and untreated women with chronic hypertension. 
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Table S3.12 Characteristics of studies for perinatal death outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Acien,1990 Spain 

Cohort 

(hospital-

based) 

236 

pregnancies 

and 238 

newborns 

 

1979 and 1986 

 
NR 

Late fetal death with a birth 

weight≥1000 g, and early neonatal 

death<less 7 days 

 

4 

 

Sass, 1990 Brazil 

Case control 

(hospital-

based) 

337 Births 
1985 to 1986 

 

DBP ≥90mmHg before pregnancy 

or up to 20 weeks of pregnancy or 

hypertension at 10w postpartum 

(for those whose antenatal care was 

NOT at that hospital). 

NR 4 

Rey, 1994 Canada 

Cohort 

(hospital-

based) 

20,375 

mothers 
1987 to 1991 

BP>140/90 mm Hg with a 

diagnosed before pregnancy or 

hypertension in at least two 

measurements<20 weeks of 

pregnancy and/or 6 weeks after 

delivery 

NR 6 

McCowan, 1996 
New Zealand 

 

Cohort 

(hospital-

based) 

20,224 

mother-infant 

pairs 

1991 to 1993 

 

DBP>90 mmHg before 20 weeks 

gestation, pre-existing history of 

essential hypertension and/or on 

antihypertensive medication before 

the pregnancy 

Fetal deaths after 20 weeks, early and 

late neonatal deaths per 1000 total 

births 

6 

 

Jain, 1997 USA 

Cohort 

(hospital-

based) 

109,428 

mother-infant 

pairs 

 

1982 to 1987 

 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before pregnancy or before 

20 weeks’ gestation. 

NR 7 

Hartikainen, 1998 Finland 

Cohort 

(hospital-

based) 

8,050 

mother-infant 

pairs 

1985 to 1986 

 

Hypertension diagnosed before 

pregnancy and/or DBP > 90 mm Hg 

and/or antihypertensive medication, 

each<20 weeks’ gestation 

Fetal death with a birth weight≥ 500 g, 

and/or gestational age≥ 24 completed 

weeks, and neonatal death<less 7 days 

6 
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Vanek, 2004 Israel 

Cohort 

(hospital-

based) 

114,963 

mother-infant 

pairs 

1988 to 1999 

 

BP≥140/90 mmHg that measured at 

least twice, before 20 weeks’ 

gestation, or persisting for ≥12 

weeks post-delivery 

NR 6 

Ahmad, 2012 
Norway 

 

Cohort 

(population- 

based) 

2,027,042 

mother-infant 

pairs 

1967 to 2006 

 

SBP≥ 140 mmHg or a DBP≥90 

mmHg before 20 weeks’ gestation 

using (ICD-8 and ICD-10 codes) 

 

Fetal death with a birth weight≥ 500 g, 

and/or gestational age≥22 weeks (154 

days) and neonatal death<less 7 days 

 

7 

Ye, 2014 China 

Cohort 

(population- 

based 

108,550 

Pregnancies 

from 

106, 869 

women 

2011 to 2011 

 

BP≥140/90 mmHg before 

pregnancy or diagnosed before 20 

weeks’ gestation or developed 

hypertension after 20 weeks of 

gestation and continued for 12 

weeks of postpartum 

Fetuses and neonates who were born 

dead, or died in the first 28 days after 

delivery 

 

7 

Broekhuijsen, 

2015 

Netherlands 

 

Cohort 

(population- 

based) 

988,389 

mother-infant 

pairs 

2002 to 2007 

 

BP ≥140/90 mmHg diagnosed 

before pregnancy, or before 20 

weeks’ gestation 

Fetal death or neonatal death within 7 

days after birth 

 

8 

 

Youngstrom, 

2018‡ 
USA 

Cohort 

(hospital-

based) 

1,306 mother-

infant pairs 
2000 to 2014 

History of hypertension or the use 

of antihypertensive medication 

before pregnancy 

NR 8 

‡ The ORs from this study was combined for treated and untreated women with chronic hypertension 



 

283 

 

 

 

Table S3.13 Characteristics of studies for neonatal intensive care unit (NICU) admission outcome 

 

 

 

  

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension 

Definition 

of outcome 

Newcastle-

Ottawa 

grade 

Hjertberg, 1992 Sweden 
Cohort (hospital-

based) 

2593 

 

1986 to 

1987 

Chronic hypertension before pregnancy and/or before 24 

weeks’ gestation 

Admission 

to NICU 
6 

McCowan, 1996 

 

New 

Zealand 

 

Cohort (hospital-

based) 

20,224 

mother-infant pairs 

1991 to 

1993 

 

DBP>90 mmHg before 20 weeks gestation, pre-existing 

history of essential hypertension and/or on 

antihypertensive medication before the pregnancy 

Admission 

to NICU 

6 

 

Hartikainen, 1998 Finland 
Cohort (hospital-

based) 

8,050 

mother-infant pairs 

1985 to 

1986 

 

Hypertension diagnosed before pregnancy and/or DBP > 

90 mm Hg and/or antihypertensive medication, each<20 

weeks’ gestation 

Admission 

to NICU 
6 

Roberts, 2005 
Australia 

 

Cohort (population- 

based) 

227,067 women and 

231,811 

infants 

2000 to 

2002 

 

Chronic hypertension diagnosed using ICD-10 codes 
Admission 

to NICU 
7 

Tuuli, 2011 USA 
Cohort (hospital-

based) 

58,135 

mother-infant pairs 

1990 to 

2008 

 

SBP≥ 140 mmHg or a DBP≥90 mmHg before pregnancy 

or before 20 weeks’ gestation 

Admission 

to NICU 
8 

Cruz, 2011 USA 
Cohort (Multicentre 

hospital- based) 

17,752 

 

2002 and 

2008 

Hypertension reported before pregnancy, or SBP≥140 

mm Hg or DBP ≥90 mm Hg before 20 weeks’ gestation 

Admission 

to NICU 
7 

Madi, 2012 Brazil 
Cohort (hospital-

based) 

3,689 

mother-infant pairs 

1998 to 

2009. 

 

BP≥140/90 mmHg that measured at least twice, before 

20 weeks’ gestation, or persisting for ≥12 weeks post-

delivery 

Admission 

to NICU 
7 
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Table S3.14 Characteristics of studies for miscarriage outcome 

 

 

 

 

 

Table S13.5 Characteristics of studies for stillbirth stratified by maternal ethnicity 

  

Author, year 

published 
Country Design Sample size Study duration Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Sass, 1990 Brazil 
Case control 

(hospital-based) 
337 Births 

1985 to 1986 

 

DBP ≥90mmHg before pregnancy or 

up to 20 weeks of pregnancy or 

hypertension at 10w postpartum (for 

those whose antenatal care was NOT 

at that hospital). 

NR 4 

Panaitescu, 2017 UK 
Cohort (hospital-

based) 

109,932 

pregnancies 

March 2006 and July 

2015/ February 2007 and 

November 2015 

History of chronic hypertension 

Late miscarriage included 

spontaneous delivery or fetal 

death at 16 + 0 to 23 + 6 

weeks' gestation 

8 

 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Ananth, 1995a USA 
Cohort (population- 

based) 

Black:14,417 

White:15,819 

1988 and 

1990 

Chronic hypertension obtained from 

medical records; no further details 

provided 

Fetal death at≥20 weeks’ 

gestation 

8 

 

Canterino, 2004 USA 
Cohort (population- 

based) 

Black:3,269,211 

White:18,341,662 

1995 to 

2000 

Hypertension before pregnancy or before 

20 weeks’ gestation 

Fetal death at≥24 weeks’ 

gestation 
7 
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Table S3.16 Characteristics of studies for PTB stratified by maternal ethnicity 

 

 

Table S3.17 Characteristics of studies for SGA stratified by maternal ethnicity 

 

 

 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Ananth, 1995b USA 

Cohort 

(population- 

based) 

Black:14,417 

White:15,819 

 

1988 and 

1990 

 

Chronic hypertension obtained from medical 

records; no further details provided 
<37 weeks’ gestation 

8 

 

Rey, 1997 Canada 

Cohort 

(hospital-

based) 

Black:2,450 

White:17,854 
1987 to 1991 

BP>140/90 mm Hg with a diagnosed before 

pregnancy or hypertension in at least two 

measurements<20 weeks of pregnancy 

and/or 6 weeks after delivery 

Prematurity/NR 6 

Samadi, 1998 USA 

Case control 

(hospital-

based) 

Black:25,060 

White: none 

 

1988 and 

1993 

 

Chronic hypertension diagnosed using ICD-

9 codes 
<37 weeks’ gestation 7 

Graham, 2007 USA 

Cohort 

(population- 

based) 

Black:91,718 

White:111,213 

 

1999 to 2003 

 
Hypertension diagnosed before pregnancy <37 weeks’ gestation 7 

Premkumar, 2016 USA 

Cohort 

(hospital-

based) 

Black:2,272 

White:10,843 

 

2002 to 2015 

 

SBP> 140 mm Hg or DBP> 90 mm Hg 

recorded on at least 2 separate occasions >6 

hours apart before 20 weeks’ gestation 

<37 weeks’ gestation 9 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of chronic hypertension Definition of outcome 

Newcastle-

Ottawa 

grade 

Rey, 1997 

 
Canada 

Cohort 

(hospital-

based) 

Black:2,450 

White:17,854 
1987 to 1991 

BP>140/90 mm Hg with a diagnosed 

before pregnancy or hypertension in at 

least two measurements<20 weeks of 

pregnancy and/or 6 weeks after delivery 

Prematurity/NR 6 

Ananth, 1995b 

 
USA 

Cohort 

(population- 

based) 

Black:14,417 

White:15,819 

1988 and 1990 

 

Chronic hypertension obtained from 

medical records; no further details 

provided 

<37 weeks’ gestation 
8 
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Table S3.18 Characteristics of studies for LBW stratified by maternal ethnicity 

  

Author, year 

published 

Countr

y 
Design Sample size 

Study 

duration 
Definition of chronic hypertension 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Velentgas, 1994 USA 

Cohort 

(population- 

based) 

Black:285 

White:3,144 

1984-1990 

 
NR 

birth weight of 

<2500 grams 

6 

 

Ananth, 1995b USA 

Cohort 

(population- 

based) 

Black:14,417 

White:15,819 

 

1988 and 

1990 

 

Chronic hypertension obtained from medical records, no further 

details provided 

birth weight of 

<2500 grams‡ 

8 

 

Lydakis, 1998 UK 

Cohort 

(hospital-

based) 

Black:79 

White:64 

 

1980 to 1997 

Hypertension (DBP ≥110 mmHg OR DBP >90 mmHg on two 

or more occasions ≥4 h apart) at the first booking visit before 

the 20 weeks’ gestation in the absence of trophoblastic disease, 

OR hypertension at any stage of pregnancy that continued for 

more than 6 weeks after delivery 

birth weight of 

<2000 grams 
6 

Graham, 2007 USA 

Cohort 

(population- 

based) 

Black:91,718 

White:111,213 

 

1999 to 2003 

 

Hypertension diagnosed before pregnancy 

 

birth weight of 

<2500 grams 
7 

Odell, 2006 

 
USA 

Population- 

based (Black 

women only) 

Black:12,258 

White: None 

 

1996 to 2000 

 
History of chronic hypertension diagnosed using ICD 9 codes 

birth weight of 

<2500 grams 
7 

‡ We combined the ORs for birthweight < 1,499 g and birthweight (1,500-2,499 g). 
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Table S3.19 Characteristics of studies for pre-eclampsia outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 
Definition of outcome 

Newcastle-

Ottawa 

grade 

Mabie, 1986† USA 

Cohort 

(hospital-

based) 

169 

pregnancies in 

156 women 

1980 to 

1984 

Women with CH who 

were on antihypertensive 

treatment 

Untreated 

women with 

CH 

Superimposed preeclampsia: worsening 

hypertension (30 mmHg SBP or 15 mmHg DBP) 

plus either nondependent edema or proteinuria of 

+1 or greater by dipstick. 

6 

Bayliss, 2002‡ UK 

Cohort 

(hospital-

based) 

491 

pregnancies 

1980 to 

1999 

Women with CH who 

were on antihypertensive 

treatment 

Untreated 

women with 

CH 

The onset of significant levels of proteinuria after 

20 weeks gestation 
6 

Orbach, 2013 
Israel 

 

Cohort 

(populatio

n- based) 

98,253 

births 

1998 to 

2008 

Women with CH who 

were on antihypertensive 

treatment (methyldopa or 

atenolol) dispensed 

during the 1st trimester  

Untreated 

normotensiv

e women 

Proteinuria diagnosed using ICD-9 codes 8 

Rezk, 2016 Egypt 

Cohort 

(hospital-

based) 

222 women 
2012 to 

2016 

Women with CH who 

were taking Methyldopa 

Untreated 

women with 

CH 

Superimposed preeclampsia: a new onset 

proteinuria with 0.3 g of protein or more in a 24-h 

urine specimen after 20 weeks’ gestation), 

eclampsia (generalized convulsions) 

4 

Nzelu, 2018 UK 

Cohort 

(hospital-

based) 

419 
2011 to 

2016 

women with CH on 

antihypertensive 

treatment 

Untreated 

women with 

CH 

Superimposed pre-eclampsia: hypertension, with at 

least 1 of the following problems: renal 

involvement (proteinuria 300 mg/24 h and/or 

creatinine 90 mmol/L or 1 mg/dL), liver 

impairment (transaminases >70 IU/L), neurologic 

complications (eg, eclampsia), thrombocytopenia 

(platelet count <150,000/mL). 

7 

Youngstrom, 

2018 
USA 

Cohort 

(hospital-

based) 

1,094 mother-

infant pairs 

2000 to 

2014 

women with CH on 

antihypertensive 

treatment 

Untreated 

normotensiv

e women 

BP ≥140/90 with either proteinuria (protein 

excretion ≥300 mg in 24 hours or protein-to-

creatinine ratio≥0.3), thrombocytopenia (less than 

100,000/mL), transaminases (aspartate 

aminotransferase > twice the upper limit of 

normal), or elevated creatinine≥1.2 mg/dL 

8 
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Mito, 2019§ Japan 

Cohort 

(populatio

n-based) 

231 women 
2008 to 

2016 

women with CH on 

antihypertensive 

treatment at the first 

trimester 

Untreated 

women with 

CH 

Superimposed pre-eclampsia diagnosed if a woman 

developed new-onset proteinuria in the with a rise 

in blood pressure or a sudden increase in pre-

existing proteinuria. 

7 

BP, blood pressure; CH, Chronic hypertension; †The raw data for this study include women on methyldopa, other monotherapy, or multiple drug treatment vs untreated women. ‡The odds 

ratios of this study were combined for different agents. §The raw data for this study include women on amlodipine or other antihypertensive drug treatment vs untreated women 

Table S3.20 Characteristics of studies for cesarean section (CS) outcome 

Author, year 

published 

Country 

(ies) 
Design Sample size 

Study 

duration 
Definition of exposure Comparative group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Rezk, 2016 Egypt 

Cohort 

(hospital-

based) 

222 women 2012 to 2016 
Women with CH who were taking 

Methyldopa 

Untreated women 

with CH 

Caesarean section 

(not specified) 
4 

 Hoeltzenbei, 

2017 
Germany Cohort 

787 

pregnancies 
2000 to 2014 

pregnancies with methyldopa 

exposure at least during the first 

trimester, but no longer than 20 

weeks’ gestation 

Untreated 

normotensive women 

Caesarean section 

(not specified) 
5 

CH, Chronic hypertension 
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Table S3.21 Characteristics of studies for miscarriage outcome 

Author, year 

published 
Country (ies) Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 
Definition of outcome 

Newcastle-

Ottawa 

grade 

Bayliss, 2002 UK 

Cohort 

(hospital-

based) 

491 

pregnancies 
1980 to 1999 

Women with CH who were 

on antihypertensive 

treatment 

Untreated 

women with 

CH 

miscarriages 6 

 Hoeltzenbei, 

2017 
Germany Cohort 

787 

pregnancies 
2000 to 2014 

pregnancies with 

methyldopa exposure at least 

during the first trimester, but 

no longer than 20 weeks’ 

gestation 

Untreated 

normotensive 

women 

Spontaneous pregnancy loss of 

a fetus <500 g or in case of 

unknown weight <24 

completed weeks after last 

menstrual period 

5 

CH, Chronic hypertension 

 

Table S3.22 Characteristics of studies for stillbirth outcome 

Author, year 

published 
Country (ies) Design Sample size 

Study 

duration 
Definition of exposure Comparative group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Bayliss, 2002 UK 

Cohort 

(hospital-

based) 

491 

pregnancies 
1980 to 1999 

Women with CH who were on 

antihypertensive treatment 

Untreated women 

with CH 

Stillbirth 

6 

 Hoeltzenbei, 

2017 
Germany Cohort 

787 

pregnancies 
2000 to 2014 

pregnancies with methyldopa 

exposure at least during the first 

trimester, but no longer than 20 

weeks’ gestation 

Untreated 

normotensive women 

Stillbirth 

5 

Rezk, 2016 Egypt 

Cohort 

(hospital-

based) 

222 women 2012 to 2016 
Women with CH who were taking 

Methyldopa 

Untreated women 

with CH 

Intrauterine fetal 

death 
4 

Youngstrom, 

2018 
USA 

Cohort 

(hospital-

based) 

1,094 

mother-

infant pairs 

2000 to 2014 
women with CH on 

antihypertensive treatment  

Untreated 

normotensive women 
Stillbirth 8 

CH, Chronic hypertension 
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Table S3.23a Characteristics of studies for Preterm birth outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Ray, 2001† Canada 

Cohort 

(hospital-

based) 

583 mother-

infant pairs 
1986 to 1995 

women with CH on 

antihypertensive treatment 

Untreated 

women with CH 
<37 weeks’ gestation 6 

Lennestål, 

2009 
Sweden 

Cohort 

(population-

based) 

1,032,094 

pregnancies 
1995 to 2006 

Women who reported using 

antihypertensive treatment in 

early pregnancy, and with a 

delivery diagnosis of CH for 

women who were on beta-

blocking drug  

Untreated 

normotensive 

women 

<37 weeks’ gestation 8 

Banhidy, 2010 Hungary 

Case control 

(population 

based) 

36,155 births 1980 to 1996 
Women with CH on 

antihypertensive treatment 

Untreated 

normotensive 

women 

<37 weeks’ gestation 6 

Su, 2013§ Taiwan  

Cohort 

(population-

based) 

2,727 

mother-infant 

pairs 

2005 
women with CH on 

antihypertensive treatment 

Untreated 

women with CH 
<37 weeks’ gestation 8 

Orbach, 2013 Israel 

Cohort 

(population- 

based) 

98,253 

births 
1998 to 2008 

 Women with CH who were on 

antihypertensive treatment 

(methyldopa or atenolol) 

dispensed during the 1st trimester 

Untreated 

normotensive 

women 

<37 weeks’ gestation 8 

Rezk, 2016 Egypt 

Cohort 

(hospital-

based) 

222 women 2012 to 2016 
Women with CH who were 

taking methyldopa 

Untreated 

women with CH 
<37 weeks’ gestation 4 

 Hoeltzenbei, 

2017 
Germany Cohort 

787 

pregnancies 
2000 to 2014 

pregnancies with methyldopa 

exposure at least during the first 

trimester, but no longer than 20 

weeks’ gestation 

Untreated 

normotensive 

women 

<37 weeks’ gestation 5 



 

291 

 

 

 

 

 

Youngstrom, 

2018 
USA 

Cohort 

(hospital-

based) 

1,094 mother-

infant pairs 
2000 to 2014 

women with CH on 

antihypertensive treatment  

Untreated 

normotensive 

women 

<37 weeks’ gestation 8 

Mito, 2019‡ Japan 

Cohort 

(population-

based) 

231 women 2008 to 2016 

women with CH on 

antihypertensive treatment at the 

first trimester 

Untreated women 

with CH 
<37 weeks’ gestation 7 

CH, Chronic hypertension; †We combined odds ratios from this study for women using beta-blockers or other agents; §The odds ratios of these studies were combined for different agents; ‡The raw 

data for this study include women on amlodipine or other antihypertensive drug treatment vs untreated women 

Table S3.23b Characteristics for preterm birth outcome: (exposed to beta-blockers vs untreated) 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure Comparative group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Ray, 2001 Canada 

Cohort 

(hospital-

based) 

391mother-

infant pairs 
1986 to 1995 

women with CH on β-blocker 

treatment 

Untreated women 

with CH 

<37 weeks’ 

gestation 
6 

Su, 2013 Taiwan  

Cohort 

(population-

based) 

1,420 

mother-infant 

pairs 

2005 
Pregnant women with CH who 

were exposed to β-blockers  

Untreated women 

with CH 

<37 weeks’ 

gestation 
8 

Orbach, 2013 
Israel 

 

Cohort 

(population- 

based) 

97,927 

births 
1998 to 2008 

Pregnant women with CH who 

were exposed to atenolol 

Untreated 

normotensive 

women 

<37 weeks’ 

gestation 
8 
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Table S3.24a Characteristics of studies for small for gestational age (SGA) outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure Comparative group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Mabie, 1986† USA 

Cohort 

(hospital-

based) 

169 

pregnancies in 

156 women 

1980 to 1984 
Women with CH who were on 

antihypertensive treatment 

Untreated women with 

CH 

Birthweight <10th 

percentile 
6 

Ray, 2001* Canada 

Cohort 

(hospital-

based) 

583 mother-

infant pairs 
1986 to 1995 

women with CH on 

antihypertensive treatment 

Untreated women with 

CH 

Birthweight <10th 

percentile 
6 

Bayliss, 2002* UK 

Cohort 

(hospital-

based) 

491 

pregnancies 
1980 to 1999 

Women with CH who were on 

antihypertensive treatment 

Untreated women with 

CH 

Birthweight <10th 

percentile 
6 

Lennestål, 

2009 
Sweden 

Cohort 

(population-

based) 

1,032,094 

pregnancies 
1995 to 2006 

Women who reported using 

antihypertensive treatment in 

early pregnancy, and with a 

delivery diagnosis of chronic 

hypertension for women who 

were on beta-blocking drug  

Untreated 

normotensive women 
Birthweight < -2SD 8 

Su, 2013* Taiwan  

Cohort 

(population-

based) 

2,727 mother-

infant pairs 
2005 

women with CH on 

antihypertensive treatment 

Untreated women with 

CH 

Birthweight <10th 

percentile 
8 

Orbach, 2013 

 

Israel 

 

Cohort 

(population- 

based) 

98,253 

births 
1998 to 2008 

Women with CH who were on 

antihypertensive treatment 

(methyldopa or atenolol) 

dispensed during the 1st 

trimester 

Untreated 

normotensive women 

SGA diagnosed 

using ICD-9 
8 

Rezk, 2016 Egypt 

Cohort 

(hospital-

based) 

222 women 2012 to 2016 
Women with CH who were 

taking Methyldopa 

Untreated women with 

CH 

Birthweight <10th 

percentile 
4 

Nzelu, 2018 UK 

Cohort 

(hospital-

based) 

419 2011 to 2016 
women with CH on 

antihypertensive treatment 

Untreated women with 

CH 

Birthweight <5th 

percentile 
7 
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Fisher, 2018 USA 

Cohort 

(population-

based) 

4,282 mother-

infant pairs 
2006 to 2011 

Women with CH on 

antihypertensive treatment  

Untreated 

normotensive women 

Birthweight <10th 

percentile 
6 

Youngstrom, 

2018 
USA 

Cohort 

(hospital-

based) 

1,094 mother-

infant pairs 
2000 to 2014 

women with CH on 

antihypertensive treatment  

Untreated 

normotensive women 

Birthweight <10th 

percentile 
8 

CH, Chronic hypertension; SD, stab]ndard deviation. * Odds ratios from these studies were combined for different agents. †The raw data for this study include women on methyldopa, other monotherapy, 

or multiple drug treatment vs untreated women. 

 

 

 

 

Table S3.24b Characteristics of studies for SGA outcome: (beta blockers vs untreated women) 

Author, year 

published 
Country  Design Sample size 

Study 

duration 
Definition of exposure Comparative group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Ray, 2001 Canada 

Cohort 

(hospital-

based) 

391 mother-

infant pairs 
1986 to 1995 

Pregnant women with CH who 

were exposed to β-blockers 

Untreated women with 

CH 

Birth weight<10th 

percentile 6 

Bayliss, 2002 UK 

Cohort 

(hospital-

based) 

229 

pregnancies 
1980 to 1999 

Pregnant women with CH who 

were exposed to atenolol<15 

weeks’ gestation 

Untreated women with 

CH 

Birth weight<10th 

percentile 6 

Su, 2013 Taiwan  

Cohort 

(population-

based) 

1,420 mother-

infant pairs 
2005 

Pregnant women with CH who 

were exposed to β-blockers 

Untreated women with 

CH 

Birth weight<10th 

percentile 8 

Orbach, 2013 
Israel 

 

Cohort 

(population- 

based) 

97,927 

births 
1998 to 2008 

Pregnant women with CH who 

were exposed to atenolol 

Untreated 

normotensive women 

SGA diagnosed 

using ICD-9 8 

CH, Chronic hypertension; β-blockers, beta blockers 
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Table S3.24c Characteristics of studies for SGA outcome: (single agent/multiple agents vs untreated women) 

Author, year 

published 
Country  Design Sample size 

Study 

duration 
Definition of exposure Comparative group 

Definition of 

outcome 

Newcastle-

Ottawa 

grade 

Ray, 2001 Canada 

Cohort 

(hospital-

based) 

500 mother-infant pairs 

(untreated. n=247, sing. 

n=144 multi. n=109) 

1986 to 

1995 

women with CH who were 

on single agent (βB), or on 

multiple agents 

Untreated women 

with CH 

Birthweight<10th 

percentile 
6 

Bayliss, 2002 UK 

Cohort 

(hospital-

based) 

268 pregnancies (sing. 

n=229, multi. n=243) 

1980 to 

1999 

Women with CH who were 

on single agent (atenolol), or 

on multiple agents 

Untreated women 

with CH 

Birthweight<10th 

percentile 
6 

Su, 2013 Taiwan  

Cohort 

(population-

based) 

1,543 mother-infant pairs 

(untreated n=1,006, sing. 

n=144, multi. n=123) 

2005 

women with CH who were 

on single agent (βB), or on 

multiple agents  

Untreated women 

with CH 

Birthweight <10th 

percentile 
8 

βB, beta-blockers; CH, Chronic hypertension 

 

 

Table S3.24d Characteristics of studies for SGA outcome: (centrally acting antiadrenergic vs untreated women) 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 
Definition of outcome 

Newcastle-

Ottawa 

grade 

Mabie, 1986 USA 

Cohort 

(hospital-

based) 

136 

pregnancies  
1980 to 1984 

Pregnant women who were 

exposed to methyldopa 

Untreated women 

with CH 
Birthweight<10th percentile 6 

Su, 2013 Taiwan  

Cohort 

(population-

based) 

1,187 mother-

infant pairs 
2005 

Pregnant women who were 

exposed to centrally acting 

antiadrenergic 

Untreated women 

with CH 
Birthweight<10th percentile 8 

Orbach, 2013 

 

Israel 

 

Cohort 

(population- 

based) 

98,160 

births 
1998 to 2008 

Pregnant women who were 

exposed to methyldopa 

Untreated 

normotensive 

women 

SGA diagnosed using ICD-9 8 

Rezk, 2016 Egypt 

Cohort 

(hospital-

based) 

222 women 2012 to 2016 
Pregnant women who were 

exposed to methyldopa 

Untreated women 

with CH 
Birthweight<10th percentile 4 

CH, Chronic hypertension. 
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Table S3.24e Characteristics of studies for SGA outcome: (methyldopa vs other agents) 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure Comparative group Definition of outcome 

Newcastle-

Ottawa 

grade 

Mabie, 1986 USA 

Cohort 

(hospital-

based) 

64 

pregnancies  
1980 to 1984 

Pregnant women with CH 

who were exposed to 

methyldopa 

Pregnant women with 

CH on 

hydrochlorothiazide 

Birthweight<10th 

percentile 
6 

Su, 2013 Taiwan  

Cohort 

(population-

based) 

595 mother-

infant pairs 
2005 

Pregnant women who were 

exposed to centrally acting 

antiadrenergic 

Pregnant women with 

CH on β-blockers 

Birthweight<10th 

percentile 
8 

Orbach, 2013 
Israel 

 

Cohort 

(population- 

based) 

447 

births 
1998 to 2008 

 Pregnant women with CH 

who were exposed to 

methyldopa 

Pregnant women with 

CH who were exposed 

to atenolol 

SGA diagnosed using 

ICD-9 
8 

Xie,2014 
Canada 

 

Cohort 

(population- 

based) 

628 

Women with 

CH 

1980 to 1987 

or 1990 to 

2005 

Pregnant women with CH 

who were exposed to 

methyldopa 

Pregnant women with 

CH on β-blockers 

Birthweight<10th 

percentile 
7 

Ahmed, 2018 Australia 

Cohort 

(population-

based) 

456 

pregnancies 
2005 and 2012 

Pregnant women with CH 

who were exposed to 

methyldopa 

Pregnancies with CH 

on ARBs exposure at 

first trimester 

Birthweight<10th 

percentile 
7 

ARB, angiotensin-receptor blockers; CH, Chronic hypertension 
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Table S3.24f Characteristics of studies for SGA outcome: (beta blockers vs methyldopa) 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure Comparative group Definition of outcome 

Newcastle-

Ottawa 

grade 

Su, 2013 Taiwan  

Cohort 

(population-

based) 

595 mother-

infant pairs 
2005 

Pregnant women with CH on 

β-blockers 

Pregnant women who 

were exposed to 

centrally acting 

antiadrenergic 

Birthweight<10th 

percentile 
8 

Orbach, 2013 
Israel 

 

Cohort 

(population- 

based) 

447 

births 
1998 to 2008 

Pregnant women with CH 

who were exposed to 

atenolol 

Pregnant women with 

CH who were exposed 

to methyldopa 

SGA diagnosed using 

ICD-9 
8 

Xie,2014 
Canada 

 

Cohort 

(population- 

based) 

628 

Women with 

CH 

1980 to 1987 

or 1990 to 

2005 

Pregnant women with CH on 

β-blockers 

Pregnant women with 

CH who were exposed 

to methyldopa 

Birthweight<10th 

percentile 
7 

CH, Chronic hypertension. 

Table S3.25 Characteristics of studies for low birth weight (LBW) outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 
Definition of outcome 

Newcastle-

Ottawa 

grade 

Lennestål, 

2009 
Sweden 

Cohort 

(population-

based) 

1,032,094 

pregnancies 

1995 to 

2006 

Women who reported using 

antihypertensive treatment in early 

pregnancy, and with a delivery 

diagnosis of chronic hypertension 

for women who were on beta-

blocking drug  

Untreated 

normotensive 

women 

Birthweight < 2,500g 8 

Banhidy, 2010 Hungary 

Case control 

(population 

based) 

36,155 births 
1980 to 

1996 

Women with CH on 

antihypertensive treatment 

Untreated 

normotensive 

women 

Birthweight < 2,500g 6 
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Su, 2013§ Taiwan 

Cohort 

(population-

based) 

2,727 mother-

infant pairs 
2005 

women with CH on 

antihypertensive treatment 

Untreated women 

with CH 
Birthweight < 2,500g 8 

Orbach, 2013 

 

Israel 

 

Cohort 

(population- 

based) 

98,253 

births 

1998 to 

2008 

Women with CH who were on 

antihypertensive treatment 

(methyldopa or atenolol) 

dispensed during the 1st trimester 

Untreated 

normotensive 

women 

Birthweight < 2,500g 8 

Mito, 2019† Japan 

Cohort 

(population-

based) 

231 women 
2008 to 

2016 

women with CH on 

antihypertensive treatment at the 

first trimester 

Untreated women 

with CH 
Birthweight < 2,500g 7 

CH, Chronic hypertension. §The ORs of these studies were combined for different agents. †The raw data for this study include women on amlodipine or other antihypertensive drug treatment vs untreated 

women. 

 

Table S3.26 Characteristics of studies for neonatal intensive care unit (NICU) admission outcome 

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 
Definition of outcome 

Newcastle-

Ottawa 

grade 

Rezk, 2016 Egypt 
Cohort (hospital-

based) 
222 women 2012 to 2016 

Women with CH who were 

taking Methyldopa 

Untreated women 

with CH 
Admission to NICU 4 

Helou, 2017 Australia 
Cohort (hospital-

based) 
49 women 2010 

Women with CH on 

antihypertensive treatment  

Untreated women 

with CH  
Admission to NICU or SCN 6 

CH, Chronic hypertension; SCN: Special care nursery. 
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Table S3.27 Characteristics of studies for perinatal death outcome  

Author, year 

published 
Country Design Sample size 

Study 

duration 
Definition of exposure 

Comparative 

group 
Definition of outcome 

Newcastle-

Ottawa 

grade 

Mabie, 1986† USA 

Cohort 

(hospital-

based) 

169 

pregnancies in 

156 women 

1980 to 1984 
Women with CH who were on 

antihypertensive treatment 

Untreated women 

with CH 
Not reported 6 

Ray, 2001* Canada 

Cohort 

(hospital-

based) 

1,948 mother-

infant pairs 
1986 to 1995 

women with CH or other HDP 

on antihypertensive treatment 

Untreated women 

with CH or HDP 

Perinatal death after 20 

weeks gestation and up to 30 

days after birth 

6 

Orbach, 2013 
Israel 

 

Cohort 

(populatio

n- based) 

98,253 

births 
1998 to 2008 

Women with CH who were on 

antihypertensive treatment 

(methyldopa or atenolol) 

dispensed during the first 

trimester 

Untreated 

normotensive 

women 

Not reported 8 

Youngstrom, 

2018 
USA 

Cohort 

(hospital-

based) 

1,094 mother-

infant pairs 
2000 to 2014 

women with CH on 

antihypertensive treatment 

Untreated 

normotensive 

women 

Stillbirth and neonatal death 8 

CH, Chronic hypertension. †The raw data for this study include women on methyldopa, other monotherapy, or multiple drug treatment vs untreated women. 

*We combined odds ratios from this study for women using beta-blockers or other agents 
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S3.4 Supplemental Figures S3.1-S3.26 

Figure S3.1a Forest plot of crude estimates of the association between chronic hypertension and PE 

 
 

 

 

 

Figure S3.1b Funnel plot for adjusted estimates of PE (chronic hypertension versus normotensive) 
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Figure S3.2a Forest plot of crude estimates of the association between chronic hypertension and HEELP syndrome 

 

 
 

 

 

Figure S3.2b Forest plot of adjusted estimates of the association between chronic hypertension and HEELP syndrome 

 
 

 

 

 

Figure S3.3a Forest plot of crude estimates of the association between chronic hypertension and CS 
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Figure S3.3b Forest plot of adjusted estimates of the association between chronic hypertension and CS 

 
 

 

 

 

Figure S3.3c Funnel plot for adjusted estimates of CS (chronic hypertension versus normotensive) 
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Figure S3.4a Forest plot of crude estimates of the association between chronic hypertension and PPH 

 
 

 

 

Figure S3.4b Forest plot of adjusted estimates of the association between chronic hypertension and PPH 

 
 

 

 

Figure S3.5 Forest plot of crude estimates of the association between chronic hypertension and maternal mortality 

 
 

 

 

 

Figure S3.6a Forest plot of crude estimates of the association between chronic hypertension and stillbirth 
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Figure S3.6b Forest plot of adjusted estimates of the association between chronic hypertension and stillbirth 

 
 

 

 

 

 

Figure S3.6c Funnel plot for adjusted estimates of stillbirth (chronic hypertension versus normotensive) 
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Figure S3.7a Forest plot of crude estimates of the association between chronic hypertension and VPTB 

 
 

 

 

 

 

 

 

Figure S3.7b Forest plot of adjusted estimates of the association between chronic hypertension and VPTB 

 
  



 

305 

 

 

 

Figure S3.8a Forest plot of crude estimates of the association between chronic hypertension and PTB 
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Figure S3.8b Forest plot of adjusted estimates of the association between chronic hypertension and PTB 
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Figure S3.8c Funnel plot for adjusted estimates of PTB (chronic hypertension versus normotensive) 

  
 

 

 

Figure S3.9a Forest plot of crude estimates of the association between chronic hypertension and SGA 

 
 

  



 

308 

 

 

 

Figure S3.9b Funnel plot for adjusted estimates of SGA (chronic hypertension versus normotensive) 

 

 
 

 

 

 

 

 

 

Figure S3.10a Forest plot of crude estimates of the association between chronic hypertension and LBW 
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Figure S3.10b Funnel plot for adjusted estimates of LBW (chronic hypertension versus normotensive) 

 

 

 
 

 

 

 

Figure S3.11a Forest plot of crude estimates of the association between chronic hypertension and neonatal death 

 
 

 

 

 

 

Figure S3.11b Forest plot of adjusted estimates of the association between chronic hypertension and neonatal death 
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Figure S3.12a Forest plot of crude estimates of the association between chronic hypertension and perinatal death 

 
 

 

 

Figure S3.12b Forest plot of adjusted estimates of the association between chronic hypertension and perinatal death 

 
 

 

 

 

Figure S3.13 Forest plot of crude estimates of the association between chronic hypertension and NICU admission 

  
 

 

 

 

Figure S3.14 Forest plot of crude estimates of the association between chronic hypertension and miscarriage  

  



 

311 

 

 

 

 

 

Figure S3.15 Forest plot of adjusted estimates of the association between chronic hypertension and stillbirth by ethnicity 

 
 

 

 

 

 

 

 

 

Figure S3.16 Forest plot of adjusted estimates of the association between chronic hypertension and PTB by ethnicity 
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Figure S3.17 Forest plot of adjusted estimates of the association between chronic hypertension and SGA by ethnicity 

 
 

 

 

 

 

 

 

Figure S3.18 Forest plot of adjusted estimates of the association between chronic hypertension and LBW by ethnicity 
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Results of sensitivity analyses of adjusted estimates for adverse perinatal outcome by study location 

and year of publication (women with chronic hypertension vs without) 

Maternal Outcome 
No. of studies 

(estimates) 

Overall adjusted OR 

[95% CI] 
I2,% 

Pre-eclampsia    

Location    

North America 5 5.22 [2.87, 9.50] 100 

Europe 4 4.83 [3.14, 7.42] 97 

Other 8 6.01 [3.34, 10.79] 99 

Decades    

1990-1999 1 6.50 [5.20, 8.13] - 

2000-2009 7 3.25 [1.74, 6.07] 99 

2010-2019 14 7.29 [6.15, 8.65] 97 

HELLP syndrome    

Location    

North America 1 2.66 [2.14, 3.31] - 

Europe 2 3.15 [1.09, 9.15] 80 

Decades    

2000-2009 1 2.66 [2.14, 3.31] - 

2010-2019 2 3.15 [1.09, 9.15] 80 

Caesarean section    

Location    

North America 5 2.08 [1.88, 2.31] 95 

Europe 2 1.11 [1.01, 1.21] 0 

Other 1 2.70 [2.40, 3.04] - 

Decades    

1990-1999 1 1.80 [1.60, 2.03] - 

2000-2009 2 2.48 [2.15, 2.86] 83 

2010-2019 5 1.71 [1.28, 2.30] 98 

Postpartum haemorrhage   

Location    

North America 2 1.45 [1.36, 1.54] 0 

Europe 1 1.10 [0.90, 1.34] - 

Other 1 2.20 [1.40, 3.46] - 

Decades    

2000-2009 2 1.67 [1.12, 2.49] 70 

2010-2019 2 1.32 [0.87, 2.02] 74 

Maternal mortality    

Location    

North America 4 4.80 [3.04, 7.58] 71 

Decades    

2000-2009 2 3.66 [2.00, 6.69] 55 

2010-2019 2 6.04 [3.82, 9.53] 46 

Fetal, neonatal outcome 

Stillbirth    

Location    

North America 12 2.37 [2.25, 2.50] 3 

Europe 4 2.18 [1.87, 2.55] 0 

Other 2 2.27 [2.03, 2.54] 0 

Decades    

1990-1999 2 2.89 [2.39, 3.49] 0 

2000-2009 7 2.34 [2.21, 2.47] 0 
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2010-2019 9 2.26 [2.10, 2.44] 0 

Very preterm birth (<34 weeks)  

Location    

North America 3 2.51 [0.91, 6.92] 99 

Europe 2 1.55 [1.15, 2.09] 0 

Other 1 1.25 [1.02, 1.53] - 

Decades    

1990-1999 1 1.40 [1.20, 1.63] - 

2000-2009 - - - 

2010-2019 5 2.06 [1.06, 3.98] 97 

Preterm birth (<37 weeks)*  

Location    

North America 16 2.08 [1.76, 2.46] 96 

Europe 5 2.56 [1.90, 3.44] 78 

Other 5 2.04 [1.58, 2.63] 91 

Decades    

1990-1999 5 1.93 [1.40, 2.66] 90 

2000-2009 3 1.90 [1.73, 2.08] 36 

2010-2019 18 2.26 [1.95, 2.61] 94 

Small for gestational age  

Location    

North America 13 2.18 [1.62, 2.92] 99 

Europe 6 1.81 [1.45, 2.27] 92 

Australia 1 1.68 [1.34, 2.11] - 

Other 4 1.62 [1.39, 1.89] 58 

Decades    

1990-1999 3 2.50 [1.44, 4.35] 95 

2000-2009 7 2.30 [1.49, 3.56] 98 

2010-2019 14 1.73 [1.44, 2.07] 97 

Low birthweight    

Location    

North America 7 3.21 [2.19, 4.68] 98 

Europe 1 3.91 [2.99, 5.11] - 

Other 3 2.46 [1.60, 3.77] 59 

Decades    

1990-1999 3 3.07 [1.85, 5.10] 97 

2000-2009 4 3.74 [2.28, 6.14] 99 

2010-2019 4 2.38 [1.95, 2.92] 13 

Perinatal mortality    

Location    

North America 3 2.45 [1.92, 3.11] 0 

Europe 2 1.36 [0.50, 3.72] 93 

Other 1 1.60 [1.00, 2.56] - 

Decades    

1990-1999 2 2.54 [1.97, 3.29] 0 

2000-2009 1 1.60 [1.00, 2.56] - 

2010-2019 3 1.51 [0.76, 2.99] 86 

*Sub-group estimates (spontaneous, iatrogenic) for two studies were combined. 
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Figure S3.19a Forest plot of crude estimates of the association between antihypertensive treatment and Pre-

eclampsia 

 

 
 

 

 

 

 

 

Figure S3.19b Forest plot of adjusted estimates of the association between antihypertensive treatment and Pre-

eclampsia 
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Figure S3.20 Forest plot of crude estimates of the association between antihypertensive treatment and caesarean 

section 

 
 

 

 

 

 

 

 

Figure S3.21 Forest plot of crude estimates of the association between antihypertensive treatment and miscarriage 
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Figure S3.22 Forest plot of crude estimates of the association between antihypertensive treatment and stillbirth 

 
 

 

 

 

 

 

 

 

Figure S3.23a Forest plot of crude estimates of the association between antihypertensive treatment and preterm birth 
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Figure S3.23b Forest plot of adjusted estimates of the association between antihypertensive treatment and preterm 

birth 

 
 

 

 

 

 

 

 

Figure S3.23c Forest plot of crude estimates of the association between antihypertensive treatment and preterm birth 

(β-blockers vs untreated) 

 
 

 

 

 

  



 

319 

 

 

 

 

Figure S3.23d Forest plot of adjusted estimates of the association between antihypertensive treatment and preterm 

birth (β-blockers vs untreated) 

 
 

 

 

 

 

 

Figure S3.24a Forest plot of crude estimates of the association between antihypertensive treatment and small for 

gestational age 
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Figure S3.24b Forest plot of adjusted estimates of the association between antihypertensive treatment and small for 

gestational age 

 
 

 

 

Figure S3.24c Forest plot of crude estimates of small for gestational age (β-blockers only vs untreated) 
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Figure S3.24d Forest plot of adjusted of small for gestational age (β-blockers only vs untreated) 

 

 
 

 

 

 

 

Figure S3.24e Forest plot of crude estimates of small for gestational age (centrally acting antiadrenergic vs 

untreated) 
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Figure S3.24f Forest plot of adjusted estimates of small for gestational age (centrally acting antiadrenergic vs 

untreated) 

 
 

 

 

 

 

 

 

Figure S3.24g Forest plot of adjusted estimates of small for gestational age (single/multiple agents vs untreated) 
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Figure S3.24h Forest plot of crude estimates of small for gestational age (β-blockers vs methyldopa)  

 
 

 

 

Figure S3.24i Forest plot of crude estimates of SGA (methyldopa vs other agents)  

 
 

 

 

 

Figure S3.25a Forest plot of crude estimates of the association between antihypertensive treatment and low 

birthweight 
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Figure S3.25b Forest plot of adjusted estimates of the association between antihypertensive treatment and low 

birthweight 

 
 

 

 

 

 

Figure S3.26 Forest plot of crude estimates of the association between antihypertensive treatment and neonatal 

intensive care unit admission  
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Appendix 4: Chronic Kidney Disease and Adverse Pregnancy 

Outcomes: A Systematic Review and Meta-analysis 

(supplemental material) 

S4.1 Supplementary methods 

A) Search strategy for Web of Science  

1.Pregnancy outcome* OR obstetric outcome* OR birth outcome* OR pregnancy complication* 

OR gestational complication*or obstetric complication OR birth complication* OR labor 

complication* OR pre-term deliver* OR preterm deliver* OR pre-term birth*or preterm birth* 

OR preterm labor* OR pre-term labor* OR premature deliver* OR premature birth* OR 

premature labor* OR prematurity OR cesarean* OR cesarean section* OR csection* OR c 

section* OR spontaneous abortion* abortion OR pregnancy loss OR miscarriage* OR miscarry 

OR stillbirth* OR still birth* OR intrauterine death* OR intra-uterine death* OR fetal death* 

OR fetal mortalit* OR neonatal mortalit* OR neonatal death* OR newborn death* OR newborn 

mortalit* OR new born death* OR new born mortalit* OR perinatal mortalit* OR perinatal 

death* OR infant mortalit* OR infant death* preeclampsia OR preeclampsia OR pre eclampsia 

OR preeclamptic OR pre eclamptic OR pre-eclamptic toxemia* OR preeclamptic toxemia* OR 

PET OR pregnancy toxemia* OR toxemia* OR eclampsia/ OR eclamptic OR HELLP OR 

hemolysis elevated liver enzymes low platelet count OR hemolysis-elevated liver enzymes-low 

platelet count OR fetal outcome* OR fetal complication* OR neonate complication* OR 

neonatal complication*or newborn complication* gestational age* OR special care baby unit 

admission* OR SCBU admission* OR NICU admission* OR neonatal intensive care unit 

admission* OR small for gestational age* OR SGA* OR IUGR* OR intrauterine growth 

restriction* OR LBW*or low birth weight* OR VLBW* OR very low birth weight* 

2.Chronic Kidney Insufficien* OR CKD OR Chronic Kidney disease OR Chronic renal disease 

OR Chronic renal Insufficien* OR dialysis OR kidney failure OR renal failure OR diabetic 

kidney disease OR diabetic chronic kidney disease OR diabetic nephropathy* OR diabetic renal 

disease OR congenital renal disease OR congenital kidney disease OR polycystic kidney disease 

OR PKD OR CAKUT OR congenital anomalies of kidney and urinary tract OR 

Tubulointerstitial CKD OR Glomerular CKD OR proteinuric CKD Hypertensive CKD OR 

hypertensive kidney disease OR renovascular disease 

Searches 1 and 2 were then combined (1 ‘AND’ 2) 

B) Search strategy for Embase 

1.'pregnancy outcome' OR 'pregnancy complications' OR 'high risk pregnancy' OR 'labor' OR 

'delivery' OR 'fetus outcome' OR 'parameters concerning fetus newborn pregnancy' OR 

'premature labor' OR 'immature and premature labor' OR 'prematurity' OR 'cesarean section' OR 

'spontaneous abortion' OR 'stillbirth' OR 'fetus death' OR 'infant mortality' OR 'fetus mortality' 

OR 'maternal mortality' OR 'perinatal mortality' OR 'preeclampsia' OR 'eclampsia' OR 
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'eclampsia and preeclampsia' OR 'hellp' OR 'disseminated intravascular coagulation' OR 

'newborn death' OR 'gestational age' OR 'infant low birth weight' OR 'low birth weight' OR 'very 

low birth weight' OR 'extremely low birth weight' OR 'newborn intensive care' OR 'small for 

date infant' OR 'pregnancy outcome*' OR 'maternal outcome*' OR 'pregnancy complication*' 

OR 'high risk pregnanc*' OR 'obstetric outcome*' OR 'obstetric complication*' OR 'normal 

birth*' OR 'live birth*' OR 'premature birth*' OR 'preterm birth*' OR 'preterm deliver*' OR 'born 

preterm' OR 'cesarean*' OR 'csection*' OR 'miscarriage*' OR 'stillbirth*' OR 'intrauterine 

death*' OR 'special care baby unit admission*' OR 'scbu admission*' OR 'neonatal intensive care 

unit admission*' OR 'nicu admission*' OR 'sga' OR 'iugr' OR 'neonatal intraventricular 

haemorrhage' OR 'neonatal intraventricular haemorrhage' OR 'apgar score' OR 'lbw' OR 'vlbw' 

2.'chronic Kidney Insufficien*' OR 'CKD' OR 'Chronic Kidney disease' OR 'Chronic renal 

disease' OR 'Chronic renal Insufficien*' OR 'dialysis or kidney failure' OR 'renal failure' OR 

'diabetic kidney disease' OR 'diabetic chronic kidney disease' OR 'diabetic nephropathy' or 

'diabetic renal disease' OR 'congenital renal disease' OR 'congenital kidney disease' OR 

'polycystic kidney disease' OR 'PKD' OR 'CAKUT' OR 'congenital anomalies of kidney and 

urinary tract' OR 'Tubulointerstitial CKD' OR 'Glomerular CKD' OR 'proteinuric CKD' OR 

'Hypertensive CKD' OR 'hypertensive kidney disease' OR 'renovascular disease') 

3. Pregnan* 

Searches 1, 2 and 3 were then combined (1 ‘AND’ 2 ‘AND’ 3) 

 

C) Search strategy for PubMed using MeSH term 

1.”Pregnancy OR "pregnancy, high risk" OR "pregnancy complications, OR "infant, low birth 

weight" OR "infant, extremely low birth weight" OR "infant, very low birth weight" OR "infant, 

small for gestational age” OR "obstetric labor, premature" OR "infant, premature" OR "infant, 

extremely premature" OR "Stillbirth" OR "Stillbirth" OR "abortion, spontaneous" OR "Pre-

Eclampsia" OR "Eclampsia" OR "HELLP Syndrome" OR "Cesarean Section" OR "Fetal Death" 

OR "Pregnancy Outcome" OR "Pregnancy Complications" OR "Perinatal Mortality" OR "Infant 

Death" OR "Infant Mortality" OR "intensive care units, neonatal" OR "infant, newborn" OR 

"Intensive Care Units" OR "Fetal Growth Retardation" OR "abortion, induced" 

 

2."Diabetic Nephropathies" OR "Fused Kidney" OR "Cakut" OR "Polycystic Kidney" OR 

"Renal Insufficiency, Chronic" OR "Hypertension, Renovascular" OR "Nephropathy, Chronic 

Tubulointerstitial"  

Searches 1 and 2 were then combined (1 ‘AND’ 2) 
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S4.2 Supplementary Tables S4.1-S4.2 

Table S4.1 Study characteristics (studies reported the adverse pregnancy outcomes in women with chronic kidney disease (CKD) vs those without) 

Study, 

Year 
Country 

Study 

design 

Sample 

size 

Definition of 

Chronic Kidney 

Disease 

Study Year 
Defined maternal  

outcomes 
Defined fetal outcomes 

Variable 

accounted for 

Newcastle

-Ottawa 

grade 

Kimmerle 

R, 1995 

Germany 

 

Prospectiv

e cohort 
46 

DN defined as 

Proteinuria >400 

mg/day, creatinine 

clearance <80 ml/min 

and hyper- tension in 

the first trimester. 

1982 – 1992 

Preeclampsia defined 

as acute worsening 

hypertension (>15% 

diastolic BP) in the 

presence of 

proteinuria, CS (not 

defined). 

SGA defined as birth weight lower 

than 10th percentile, intrauterine/ 

perinatal deaths (not defined) 

None 
 

5* 

Holley J, 

1996 
USA 

Prospectiv

e cohort 
86 

Proteinuria ≥150 

mg/24 h, or 1st 

trimester Sr Cr. 0.8 

mg/dl in the first 

trimester, or 

proteinuria≥300 

mg/24 h, with known 

kidney disease. 

1991-1993 
Spontaneous abortion 

not defined. 

Preterm birth defined as birth ≤ 

36wks of gestation. IUGR, 

Neonatal death, Intrauterine fetal 

death (Not reported) 

Maternal age, 

parity, race, and 

insulin dependent 

DM 

4* 

Miodovnik 

M, 1996 
USA 

Prospectiv

e cohort 
182 

DN defined as total 

protein excretion rate: 

>500 mg/day, or 

persistent positive 

albuminuria (dipstick 

≥2) in the absence of 

bacteriuria. 

1978 -1991 

Preeclampsia defined 

as pregnancy-induced 

hypertension with 

proteinuria >500mg/ 

in patient without 

nephropathy 

Preterm birth defined as delivery 

before 37 complete weeks of 

gestation, IUGR/SGA defined as 

birth weight <10th percentile, 

Stillbirth and Neonatal mortality 

None 5-6* 

Fink C, 

1998 

USA 

 

Retrospecti

ve cohort 
675 

CKD defined 

according to ICD-9 

codes including 

diabetic and 

hypertensive 

nephropathy, acute 

and chronic 

glomerulonephritis, 

nephrotic syndrome, 

acute and chronic 

1987 – 1993 

Preeclampsia, CS 

(outcomes not 

defined) 

Neonatal mortality (defined as 

infant death within 28 days of 

birth), Preterm birth, SGA, Preterm 

birth, IUGR 

Maternal age, 

trimester of first 

prenatal visit, 

parity, smoking 

and chronic 

hypertension 

8* 
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renal failure, 

disorders with 

impaired renal 

function, small 

kidneys of unknown 

cause, renal agenesis, 

and cystic diseases. 

Biensanba

ch G, 2000 
Austria 

Prospectiv

e cohort 
40 

Preconceptional 

persistent 

macroproteinuria 

(>0.5g protein/24h 

urine) without UTI 

and other renal 

diseases. 

 

1985 -1993 

CS, Preeclampsia 

(outcomes not 

defined) 

Preterm birth defined as premature 

delivery (<34 week of gestation), 

SGA (2400g birth weight). 

None 6* 

Ekbom P, 

2001 
Denmark 

Prospectiv

e cohort 
240 

Micro-albuminuria: 

30-300mg/24h; or 

diabetic nephropathy: 

>300mg/ 24h. 

1996 -1999 

Miscarriage < 22wks., 

Preeclampsia defined 

BP > 140/90mmHg 

accompanied by 

proteinuria. 

Preterm delivery (<37 wks. Of 

gestation) SGA < 10th percentile 

Perinatal mortality defined fetal 

death later than 22wks. 

None 7* 

Trevisan 

G, 2004 
Brazil 

Retrospecti

ve cohort 
75 

CRI defined as Sr. Cr 

>1.5mg/dL 
1989-1999 Preeclampsia, CS. 

Preterm birth; delivery for 28-

36wks., Stillbirth (abortion; 

pregnancy that last for 20-28wks.) 

Maternal and 

gestational age, 

time of delivery 

5* 

Jensen D, 

2010 
Denmark 

Prospectiv

e Cohort 
846 

Microalbumin in 

early pregnancy 

defined as UAER 

between 30 and 

300mg/24h or 

between 20 and 

200ug/min 

1993 - 1999 
Preeclampsia defined 

as BP >140/90mmHg. 

Preterm birth defined as delivery 

before 37 gestational wks., SGA, 

Birth weight. 

Age, BMI, 

duration of 

diabetes, parity, 

pre-pregnancy 

insulin dose, 

blood pressure 

≥140/90 mmHg 

at first visit, 

proliferative 

retinopathy, 

1st/3rd trimester 

A1C. 

8* 
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Young E, 

2011 
Brazil 

Prospectiv

e cohort 
43 

DN defined as by the 

criteria of NKF 
2010 - 2011 

Preeclampsia (not 

defined) 

Preterm birth defined as prematurity 

<37wks, LBW defined as <2500g 

or 10th percentile for gestational 

age, Fetal death defined as death 

after 22wks, Stillbirth defined as 

expulsion of fetus less than 500g. 

None 6* 

Davidson 

N, 2015 
Australia 

Retrospecti

ve cohort 
62357 

CKD defined using 

the KDOQI 

guidelines. 

2003-2010 

Preeclampsia and 

Hypertension in 

pregnancy were 

defined according to 

both SOMANZ and 

ISSHP guidelines 

Preterm birth defined as birth in 

which a child is delivered before it 

reached the full of gestation (37 

wks.). SGA defined as birth weight, 

length, or head circumference 

below the 10th percentile for 

gestational age. IUGR defined as 

birth weight below the 10th 

percentile for gestational age. 

None 
 

5-6* 

Kendrick 

J, 2015 

 

 

 

 

 

USA 
Retrospecti

ve cohort 

1156 

 

 

ICD-P Code/ NKF-

KDOQI, GFR <60 

ml/min / 1.73 m2 for 

>3 months or Sr. Cr 

>1.2 mg/dL in first 

trimester 

2000-2013 

CS, Preeclampsia/, 

Maternal death 

defined as death 

occurring at any time. 

Preterm birth defined as <37wks’ 

gestation, LBW defined as <2500, 

SGA defined as <10th percentile of 

birth weight, NICU admission and 

Fetal death defined as death during 

hospitalization. 

Age, race, history 

of diabetes, 

chronic 

hypertension, 

liver disease, 

connective tissue 

disease to women 

without CKD. 

8* 

Patel E, 

2015 
USA 

Prospectiv

e cohort 
12,524,119 ICD-9 coding 2000-2010 

Maternal outcomes 

definition not reported 

Fetal outcomes definition not 

reported. 

Age, 

race/ethnicity, 

insurance, 

multiple 

gestation, 

diabetes, chronic 

hypertension, 

diabetes with 

chronic 

hypertension, 

cardiomyopathy, 

congenital heart 

disease, cardiac 

conduction 

disorders, 

systemic lupus 

erythematous, 

collagen vascular 

disease, HIV, 

thrombophilia/AP

S, sickle cell 

8* 
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disease/trait, drug 

use, alcohol use, 

tobacco use, 

gestational 

diabetes, 

preeclampsia/ecla

mpsia, fetal 

growth 

restriction, 

placental 

abruption 

Wiles K, 

2015 

United 

Kingdom 

Retrospecti

ve cohort 
312 

CKD definition not 

reported 
2003-2011 

Preeclampsia not 

defined; documented 

diagnosis in the 

hospital database. 

Fetal growth restriction <10th 

percentile for gestational age. 

Preterm birth delivery defined as 

birth <37 wks. of gestation. 

Intrauterine death defined as death 

>24 wks. of gestation. Pregnancy 

loss defined as 2nd trimester 

miscarriage or intrauterine death. 

None 
 

5* 

Wu M, 

2016 
USA 

Cohort 

study 
146 

Diagnosis of ADPKD 

was determined by 

ultrasound using the 

following criteria: 

patients younger than 

30 years: at least two 

cysts in one kidney or 

one cyst in each 

kidney; patients aged 

30–59 years: at least 

two cysts in each 

kidney and patients 

aged 60 years or 

older: at least four 

cysts in each kidney 

1975-2010 

Preeclampsia defined 

as new onset 

hypertension sBP 140 

mmHg or dBP 90 

mmHg measured on 

two occasions, 6h 

apart) and proteinuria 

300 mg in a 24-h 

urine specimen after 

20wks. of gestation 

SGA/IUGR defined as weight > 

10th percentile for gestational age, 

Premature delivery (delivery before 

the 37th gestational week or 259 

days from the first day of the last 

menstrual period). Neonatal death 

(death within the first month of 

life). Abortion defined as elective, 

therapeutic or spontaneous fetal loss 

before 20 weeks of gestation. 

Stillborn defined as birth of a 

nonviable fetus after 20 weeks of 

gestation. 

None 7* 
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Piccoli G, 

2017 
Italy 

Prospectiv

e cohort 
1544 

GN defined 

according to K-DOQI 

guidelines (CKD-EPI 

formula) 

 

Not Reported 

CS, Preeclampsia 

defined as 

hypertension 

accompanied by 

proteinuria after 20 

wk. gestational in a 

previously 

normotensive, non-

proteinuric woman. 

Preterm birth defined as birth <37 

wks., very preterm birth defined as 

birth <34 wks., SGA defined as 

birth weight below the 10th 

percentile. 

CKD stage, age, 

nulliparous race, 

referral 

proteinuria, 

hypertension 

6-7* 

Tsuchiyam

a F, 2017 
Japan 

Retrospecti

ve cohort 
3206 

CKD was diagnosed. 

based on the K-DOQI 

definition of CKD 

2001-2010 

 

Preeclampsia defined 

as hypertension 

>140/90mmHg 

accompanied by 

proteinuria after the 

20th wks. of gestation 

Threatened preterm labor defined as 

progressive dilation of the cervix 

combined with regular uterine 

contractions that occurred between 

22 and 36 wks. of gestation. SGA 

(below the 10th birth weight 

percentile for the infant’s 

gestational age). Neonatal death 

defined as death within 28 days of 

birth. 

None 7* 

Li Y, 2018 China 
Retrospecti

ve cohort 
114 

CGN defined 

according to K-DOQI 

guidelines. Urine 

protein >0.5g/d 

2018 

Preeclampsia defined 

by onset of BP 

>110mmHg 

Preterm birth defined as Premature, 

SGA defined as birth weight below 

10th percentile, LBW <2500g, 

IUGR fetal growth curve below 10th 

percentile, Fetal loss defined as 

abortion due to the disease. 

None 5* 

Harel, 

2020 
Canada 

Population

- cohort 

based 

55 964 

serum creatinine 

above the 95th 

percentile (i.e., > 77 

μmol/L) 

2007-2016 None 

Preterm birth defined as gestational 

age <37 wks., very defined as 

gestational age <32 wks., stillbirth≥ 

20 weeks’ gestation. 

Maternal age, 

rural or urban 

residence, 

residential 

income, region of 

origin, diabetes 

mellitus, chronic 

hypertension, and 

illicit drug or 

tobacco use 

within 4 years 

before the index 

conception date. 

8* 
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Madej A, 

2020 
Poland 

Retrospecti

ve cohort 
387 

Biopsy-proven GN. 

CKD stage was 

classified as follows: 

CKD1: eGFR >90; 

CKD2: eGFR 89–60; 

CKD3: eGFR 59–30, 

and CKD4: eGFR 

15–29 mL/min/1.73 

m2, according to the 

KDIGO 

2013-2018 

Preeclampsia defined 

as new-onset 

hypertension and 

proteinuria with 

protein excretion >0.3 

g/day after 20 weeks 

of gestation in women 

without underlying 

hypertension and 

proteinuria, new onset 

hypertension and 

doubling of daily 

proteinuria after 20 

wks. of gestation in 

women without 

hypertension but with 

proteinuria (with 

protein excretion >0.3 

g/24 h at baseline), 

and either worsening 

hypertension or 

doubling of 

proteinuria in women 

with both 

hypertension and 

proteinuria (with 

protein excretion >0.3 

g/24 h at baseline). 

Preterm birth defined as gestational 

age <37 wks. Stillbirth defined as 

death after 21 wks. Of gestation, 

Neonatal death defined as live born 

infant dying within 28 days of 

delivery. 

None 7* 
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Seah J, 

2020 
Australia 

Prospectiv

e cohort 
144 

eGFR was calculated 

based on the CKD-

EPI formula. Stages 

of diabetic kidney 

disease was defined 

according to the 

KDIGO guidelines 

and hyperfiltration 

define as an eGFR > 

120 mL/min/1.73m2, 

microalbuminuria 

was defined as 

urinary albumin 

excretion of 30-300 

mg/day or urinary 

ACR of 3.5 to 35.0 

mg/mmol. 

Macroalbuminuria 

was defined as 

urinary albumin 

excretion > 300 

mg/day or urinary 

ACR > 35.0 

mg/mmol. 

2004-2014 

Preeclampsia defined 

as the development of 

sBP >140mmHg ± 

dBP >90mmHg, and 

proteinuria > 

300mg/24h after 

20wks gestation as 

well as clinical 

diagnosis. 

Preterm birth defined as delivery < 

37 weeks of gestation with no 

separation made between iatrogenic 

and spontaneous. NICU (no 

definition reported). 

None 

 

 

 

 

6* 

Al Khalaf, 

2021 
Sweden 

Retrospecti

ve cohort 
2 784 490 ICD8-ICD10 codes 1982-2012 

Preeclampsia defined 

as at least 2 dBP≥90 

mm Hg, combined 

with proteinuria (≥0.3 

g/day or ≥1+ on a 

urine dipstick), CS. 

Preterm birth defined as gestational 

age <37 wks., very defined as 

gestational age <32 wks., stillbirth 

defined as fetal loss >28 wk. (until 

June 2008) or > 22 wk. (since July 

2008), SGA defied as a birthweight 

below 2 SDs of the mean 

birthweight. 

Adjusted for 

maternal age, 

educational level, 

smoking, BMI, 

country of origin, 

parity, other co-

morbidities 

(diabetes 

mellitus, 

cardiovascular 

disease, asthma), 

birth year, and 

child’s sex. 

8* 

BMI, Body Mass Index; CGN, Chronic Glomerular-nephritides; CKD, Chronic Kidney Disease; CRI, Chronic Renal Insufficiency; CKD- EPI, Chronic Kidney Disease Epidemiology Collaboration; DM, 

Diabetes Mellitus; DN, Diabetic Nephropathy; GFR, Glomerular Filtration Rate; Egfr, Estimated Glomerular Filtration Rate; HCPA, Hospital the Clinicas of Porto Alegre-Brazil; IUGR, Intrauterine 

Growth Retardation/Restriction; KDIGO, Kidney Disease Improving Global Outcomes; KDOQI, Kidney Disease Outcomes Quality Initiative; LBW, Low Birthweight; SGA, small for gestational age; SD: 

standard deviation; NICU, Neonatal Intensive Care Unit/ Need for Intensive Care Unit. 
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Table S4.2 Study characteristics (studies reported the adverse pregnancy outcomes in women with late stages compared to early stages of CKD) 

Study, 

Year 
Country 

Study 

design 

Sample 

size 

Definition of Chronic 

Kidney Disease 

Study 

Year 

Defined maternal 

outcomes 
Defined fetal outcomes 

Variable 

accounted for 

Newcastle-

Ottawa 

grade 

Reece E, 

1988 
USA 

Retrospectiv

e cohort 
31 

DN defined as urinary 

protein level was ≥300 

mg/24hr before the third 

trimester. The severity of 

the proteinuria was 

categorized as mild (300 to 

499 mg/24 hr), moderate 

(500 to 3000 mg/24 hr), and 

severe or nephrotic 

syndrome (>3 gm/24 hr). 

1975-

1984 

Preeclampsia defined 

acute worsening of 

BP (> 15% increase in 

sBP or dBP or 

deterioration of renal 

function associated 

with multisystemic 

involvement, result-

ting in abnormal liver 

function and 

coagulation studies, 

particularly elevation 

in the fibrin split 

products and 

thrombocytopenia. 

Not reported None 5-6* 

Imbasciaa

ti E, 2007 
Italy 

Cohort 

study 
49 

GFR was estimated using 

the Modification of Diet in 

Renal Disease 4-variable 

equation (based on serum 

creatinine level, age, sex, 

and race) and expressed in 

mm per minute per 1.73 m2 

of body surface area. 

 

1977-

2004 

. 

CS (not reported) 

Preterm delivery defined as 

(live birth before the 37th 

week), stillbirth 

(intrauterine death after 24 

wks. of gestation), neonatal 

death (live infant dying 

within 28 days after 

delivery), and perinatal 

death (obtained as the sum 

of stillbirths and neonatal 

deaths). SGA (infants with 

birth weight > the 10th 

percentile of the Italian 

population according to 

gestational week at 

delivery. LBW (live-born 

infant weighing less than 

2,500g. 

None 7* 
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Bramham, 

2011 

United 

Kingdom 

& 

Netherlan

ds 

Prospective 

cohort 

36 

 

Mild CKD and moderate/ 

severe CKD were defined 

as pre-pregnancy Cr < 125 

mmol/L and Cr > 125 

mmol/L, respectively. 

2003-

2005 

Preeclampsia was 

defined as the new 

development of 

proteinuria in 

accordance with the 

ISSHP 

SGA defined as birth 

weight less than 10th 

percentile. Preterm birth (37 

wks. and <34 wks. 

gestation). Perinatal death 

(intrauterine 

>24wks.gestation or 

postnatal by 7 days). NICU 

(not defined). 

None 6* 

Davidson 

N, 2015 
Australia 

Retrospectiv

e cohort 

55 

 

CKD defined using the 

KDOQI guidelines. 

2003-

2010 

Preeclampsia and 

Hypertension in 

pregnancy were 

defined according to 

both SOMANZ and 

ISSHP guidelines 

Preterm birth defined as 

birth in which a child is 

delivered before it reached 

the full of gestation (37 

wks.). SGA defined as birth 

weight, length, or head 

circumference below the 

10th percentile for 

gestational age. IUGR 

defined as birth weight 

below the 10th percentile for 

gestational age. 

None 
 

5-6* 

Feng Z, 

2015 
USA 

Retrospectiv

e cohort 

41 

 

Severe CKD defined as 

estimated GFR (eGFR) < 

30 mL/min within the first 

three months of pregnancy. 

Mild CKD defined as 

estimated GFR (eGFR) 45 – 

100 mL/min 

2000-

2012 

Pre-eclampsia defined 

as blood pressure > 

140/90 mmHg and 2+ 

proteinuria on 

dipstick after second 

trimester. 

Prematurity was defined as 

birth before 37 weeks of 

gestation. Perinatal death 

was defined as new-born 

death < 4 weeks of age. 

Low birth weight was 

defined as < 2,500 grams. 

None 6-7* 

Singh N, 

2015 
India 

Retrospectiv

e cohort 
51 

CKD defined by K-DOQI 

guidelines abnormality. 

2009-

2012 
Not reported Not reported None 7* 
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Wiles K, 

2015 

United 

Kingdom 

Retrospectiv

e cohort 
35 CKD definition not reported 

2003-

2011 

Preeclampsia not 

defined; documented 

diagnosis in the 

hospital database. 

Fetal growth restriction 

<10th percentile for 

gestational age. Preterm 

birth delivery defined as 

birth <37 wks. of gestation. 

Intrauterine death defined 

as death >24 wks. of 

gestation. Pregnancy loss 

defined as 2nd trimester 

miscarriage or intrauterine 

death. 

None 
 

5* 

Bharti J, 

2016 
India 

Retrospectiv

e cohort 
80 

CKD is defined as either 

kidney damage or GFR 

<60ml/min/1.73 m2 for ≥3 

months (CKD definition 

according to NKF-KDOQI 

guidelines.) 

2005 - 

2015 

Preeclampsia defined 

as new onset 

hypertension after 20 

wks. Of pregnancy 

associated with 

proteinuria, CS (not 

defined). 

SGA defined as infants < 

10th percentile, Preterm 

birth (<37 weeks gestation), 

NICU, Stillbirths, 

None 
 

7* 

Piccoli G, 

2017 
Italy 

Prospective 

cohort 

126 

 

GN defined according to K-

DOQI guidelines (CKD-

EPI formula). 

Not 

Reported 
CS, Preeclampsia. 

Preterm birth, very preterm 

birth, SGA, 

CKD stage, age, 

nulliparous race, 

referral proteinuria, 

hypertension 

6-7* 

He Y, 

2018 
China 

Retrospectiv

e cohort 
293 

CKD defined based on a 

history of CKD, clinical 

examination, renal function 

tests, 24-h urinary protein 

excretion, renal ultrasound, 

and renal biopsy. The 

staging of kidney diseases 

was based on the eGFR 

level. 

2005-

2016 

Preeclampsia defined 

based on 2013 

Hypertension in 

Pregnancy Guidelines 

of ACOG 

Preterm birth defined as 

gestational age at birth of 

less than 34 weeks. LBW 

defined as neonatal birth 

weight ≤1500 g. 

None 6-7* 
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Leaños- 

Miranda 

A, 2019 

Mexico 
Cohort 

study 
167 

CKD stage was defined 

according to KDIGO 

guidelines. GFR was 

calculated using the CKD-

EPI formula based on 

preconception data or serum 

creatinine measured at first 

control in pregnancy. 

 

2011-

2017 

Preeclampsia defined 

according to The 

American College of 

Obstetricians and 

Gynecology criteria 

Preterm delivery (< 

34 weeks of gestational 

age). Stillbirths defined as 

death of a fetus. Neonatal 

death defined as death of a 

new-born until hospital 

discharge and SGA defined 

as an infant whose birth 

weight was below the 10th 

percentile. 

Proteinuria, urinary 

IgM, CKD stages, and 

chronic hypertension 

8* 

Madej A, 

2020 
Poland 

Retrospectiv

e cohort 
72 

Biopsy-proven GN. CKD 

stage was classified as 

follows: CKD1: eGFR >90; 

CKD2: eGFR 89–60; 

CKD3: eGFR 59–30, and 

CKD4: eGFR 15–29 

mL/min/1.73 m2, according 

to the KDIGO 

2013-

2018 

Preeclampsia defined 

as new-onset 

hypertension and 

proteinuria with 

protein excretion >0.3 

g/day after 20 weeks 

of gestation in women 

without underlying 

hypertension and 

proteinuria, new onset 

hypertension and 

doubling of daily 

proteinuria after 20 

wks. of gestation in 

women without 

hypertension but with 

proteinuria (with 

protein excretion >0.3 

g/24 h at baseline), 

and either worsening 

hypertension or 

doubling of 

proteinuria in women 

with both 

hypertension and 

proteinuria (with 

protein excretion >0.3 

g/24 h at baseline). 

Preterm birth defined as 

gestational age <37 wks. 

Stillbirth defined as death 

after 21 wks. Of gestation, 

Neonatal death defined as 

live born infant dying 

within 28 days of delivery. 

None 7* 
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Wile 

s K, 2020 

United 

Kingdom 

Retrospectiv

e cohort 
178 

eGFR<60 mL/min/1.73 m2, 

calculated by the Chronic 

Kidney Disease 

Epidemiology 

Collaboration (CKD-EPI) 

equation. OR a creatinine 

>125 mmol/L prior to 20 

weeks’ gestation in the 

absence of a precipitant for 

kidney injury. 

2003 and 

2017 
CS. 

SGA defined as 

birthweight< 10th percentile, 

preterm birth (<37 weeks 

gestation), very preterm 

birth (<34 wk.) and NICU 

admission. 

None 6* 

Madazli, 

2021 
Turkey 

Retrospectiv

e cohort 
101 

CKD defined as kidney 

damage (albumin-to-

creatinine ratio >30 mg/ 

24h two of three urine 

specimens, urine sediment 

abnormalities, tubular 

disorders, histologically 

diagnosed abnormalities, 

structural abnormalities 

detected by scanning) OR 

GFR<60ml/min/1.73 m2 for 

three months based on 

KDIGO guidelines 

2009 and 

2019 

Preeclampsia defined 

according to ACOG 

guidelines; 

superimposed 

preeclampsia was 

defined as CKD with 

hypertension with 

new onset or sudden 

increase in 

proteinuria, sudden 

increase in BP, 

thrombocytopenia or 

deranged liver or 

kidney function. 

stillbirth defined as fetal 

death after 22 wk., neonatal 

death that occurred < 28 

days after birth, perinatal 

death (stillbirth + neonatal 

death), SGA defined as 

slowing of fetal growth 

velocity during ≥2 

consecutive ultrasound with 

measurements ≥3 wk. apart 

and fetal abdominal 

circumference < 2 SD for 

gestational age) 

None 7* 

ACOG, American College of Obstetricians and Gynecologists; BP, Blood Pressure; CKD, Chronic Kidney Disease; CS, Caesarean section; DN, Diabetic Nephropathy; GFR, Glomerular Filtration 

Rate; eGFR, Estimated Glomerular Filtration Rate; ISSSP, International Society of Study of Hypertension in Pregnancy; IUGR, Intrauterine Growth Retardation/Restriction; KDIGO, Kidney Disease 

Improving Global Outcomes; KDOQI, Kidney Disease Outcomes Quality Initiative; LBW, Low Birthweight; MAP, Mean Arterial Pressure; MDRD, Modification of Diet in Renal Disease; NICU, 

Neonatal Intensive Care Unit; NKF, National Kidney Foundation; PCR, Protein Creatine Ratio; PE, Preeclampsia, SGA, Small for Gestational Age; SD, standard deviation; SOMANZ, Society of 

Obstetric Medicine of Australia and New Zealand; TOCOS, Torino Cagliari Observational study 
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Table S4.3 Sensitivity analyses of the associations between CKD and adverse pregnancy outcomes (by location and decade of publication) 

  Crude estimates Adjusted estimates* 

Outcomes Subgroup 
No of 

Studies 
OR 95% CI I2 (%) 

Test for 

subgroup 

differences 

(P-value) 

No of 

Studies 
OR 95% CI I2 (%) 

Test for 

subgroup 

differences 

(P- value) 

Pre-eclampsia          

Location 

Asia 2 7.61 [4.86, 11.9] 0 

0.63 

- - -  

Australia 1 5.56 [2.95, 10.5] - - - -  

Europe 7 6.70 [2.80, 16.0] 93 2 2.41 [0.99, 5.85] 89 0.88 

North America 3 9.33 [4.49, 19.4] 57 2 2.83 [0.46, 17.5] 97  

South America 2 14.6 [4.69, 45.2] 0 - - -  

Year of 

Publication 

Publication ≤2010 6 9.69 [5.90, 15.9] 55 
0.42 

2 5.45 [3.05, 9.76] 52  

Publication >2010 9 6.63 [3.07, 14.32] 92 2 1.43 [1.03, 1.98] 66 <0.0001 

Caesarean Section 

Location 

Asia 1 2.04 [1.47, 2.82] - 

0.19 

- - - 

0.002 

Australia - - - - - - 

Europe 5 1.43 [1.24, 1.64] 11 1 1.40 [1.34, 1.46] - 

North America 3 1.86 [1.06, 3.27] 63 2 1.99 [0.87, 4.55] 91 

South America 1 2.08 [0.78, 5.50] - - - - 

Year of 

Publication 

Publication ≤2010 5 2.33 [1.65, 3.30] 10 
0.02 

1 3.10 [2.00, 4.80] - 
0.0004 

Publication >2010 5 1.48 [1.26, 1.73] 31 2 1.40 [1.34, 1.46] 0 

Preterm birth (<37 wk.) 

Location 
Asia 2 4.33 [0.71, 26.31] 69 

0.45 
- - - 

0.44 
Australia 1 3.67 [2.01, 6.69] - - - - 
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Europe 6 3.58 [1.63, 7.85] 96 1 1.62 [1.54, 1.70] - 

North America 5 2.32 [1.14, 4.71] 88 3 2.04 [1.14, 3.65] 92 

South America 1 12.25 [2.44, 61.57] - - - - 

Year of 

Publication 

Publication ≤2010 5 2.77 [1.25, 6.18] 86 
0.74 

1 6.10 [3.30, 11.28] - 
<0.0001 

Publication >2010 10 3.21 [2.25, 4.60] 92 3 1.44 [1.17, 1.78] 88 

Very preterm birth (<34 wk.) 

Location 

Asia - - - 

0.02 

- - - - 

Australia 1 4.18 [2.03, 8.61] - - - - - 

Europe 7 7.05 [2.87, 17.36] 91 2 1.86 [1.66, 2.08] 0 
0.27 

North America 2 2.19 [1.69, 2.83] 0 2 4.76 [2.53, 8.97] - 

South America - - - - - -  

Year of 

Publication 

Publication ≤2010 4 4.49 [2.09, 9.62] 63 
0.80 

1 1.60 [0.64, 4.00] - 
0.48 

Publication >2010 6 5.09 [2.76, 9.37] 91 3 2.28 [1.62, 3.21] 76 

Small for gestational age 

Location 

Asia 1 2.24 [1.28, 3.92] - 

0.65 

- - - 

0.29 

Australia - - - - - - 

Europe 5 2.69 [1.37, 5.28] 79 1 1.29 [1.19, 1.40] - 

North America 4 3.25 [1.87, 5.65] 22 2 2.63 [0.70, 9.88] 92 

South America - - - - - - 

Year of 

Publication 

Publication ≤2010 5 
5.37 [3.07, 9.39] 

1.53 [1.25, 1.87] 

17 

<0.0001 

1 5.30 [2.80, 10.03] - 

<0.0001 
Publication >2010 5 18 2 1.29 [1.20, 1.40] 0 

*For adjusted estimates we followed the author’s definitions 
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S4.3 Supplementary Figures S4.1-S4.24 

 

Forest plots and funnel plots of the association between CKD and adverse pregnancy 

outcomes (CKD vs no CKD comparison) 
 

Figure S4.1 Funnel plot of pre-eclampsia (crude estimates) 

 
 

 

 

 

Figure S4.2 Funnel plots of Caesarean section (crude estimates) 
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Figure S4.3. Funnel plot of preterm birth (crude estimates) 

 

 
 

 

 

 

Figure S4.4a Forest plot of crude estimates for very preterm birth (<34 wk. gestation) 

 
 

 

 

 

Figure S4.4b Forest plot of adjusted estimates for very preterm birth (<34 wk. gestation) 
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Figure S4.4c Funnel plot of very preterm birth (crude estimates) 

 

 
 

 

 

Figure S4.5 Funnel plots of small for gestational age (crude estimates) 
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Figure S4.6 Forest plot of crude estimates for miscarriage  

 
 

 

 

 

 

Figure S4.7a Forest plot of crude estimates for stillbirth death 

 
 

 

 

 

 

 

Figure S4.7b Forest plot of adjusted estimates for stillbirth death 

 
 

 

 

 

 

 

Figure S4.8 Forest plot of crude estimates for perinatal death 
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Forest plots of the association between CKD and adverse pregnancy outcomes (late vs early stages of 

CKD) 
 

 

Figure S4.9a. Forest plot of crude estimates for pre-eclampsia 

 
 

 

 

 

 

 

Figure S4.9b Funnel plot of pre-eclampsia (crude estimates)  
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Figure S4.10a Forest plot of crude estimates Caesarean section 

 
 

 

 

 

 

Figure S4.10b Funnel plot of Caesarean section (crude estimates) 
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Figure S4.11a Forest plot of crude estimates for preterm birth (<37 wk. gestation) 

 
 

 

 

 

 

Figure S4.11b Funnel plot of preterm birth (<37 wk. gestation)  
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Figure S4.12a Forest plot of crude estimates for very preterm birth (<34 wk. gestation) 

 
 

 

 

 

 

 

Figure S4.12b Forest plot of adjusted estimates for very preterm birth (<34 wk. gestation) 
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Figure S4.13a Forest plot of crude estimates for small for gestational age 

 
 

 

 

 

 

Figure S4.13b Forest plot of adjusted estimates for small for gestational age 
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Figure S4.13c Funnel plots of small for gestational age 

 

 
 

 

 

 

Figure S4.14. Forest plot of crude estimates for low birthweight 

 
 

 

 

Figure S4.15 Forest plot of crude estimates for neonatal intensive care unit admission 
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Figure S4.16 Forest plot of crude estimates for stillbirth 

 
 

  

 

 

 

Figure S4.17 Forest plot of crude estimates for neonatal death 

 
 

 

 

 

Figure S4.18 Forest plot of crude estimates for perinatal death 
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Forest plots of the effect of cause of CKD on adverse pregnancy outcomes (compared to no CKD) 
 

Figure S19.1 Forest plot of crude estimates for pre-eclampsia  

 
 

 

Figure 19.2 Forest plot of adjusted estimates for pre-eclampsia  
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Figure S4.20a Forest plot of crude estimates for Caesarean section 

 
 

 

 

 

 

Figure S4.20b Forest plot of adjusted estimates for Caesarean section 
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Figure S4.21a Forest plot of crude estimates for preterm birth (<37 wk. gestation) 

 
 

 

 

Figure S4.21b Forest plot of adjusted estimates for preterm birth (<37 wk. gestation) 
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Figure S4.22a Forest plot of crude estimates for very preterm birth (<34 wk. gestation) 

 
 

 

 

 

 

 

Figure S4.22b Forest plot of adjusted estimates for very preterm birth (<34 wk. gestation) 
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Figure S4.23a. Forest plot of crude estimates for small for gestational age 

 
 

 

 

Figure S4.23b Forest plot of adjusted estimates for small for gestational age 
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Figure S4.24a Forest plot of crude estimates for stillbirth 

 
 

 

 

 

 

 

Figure S4.24b Forest plot of adjusted estimates for stillbirth 
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Appendix 5: Pregnancy Outcomes in Women with Chronic 

Kidney Disease and Chronic Hypertension: A National 

Cohort Study (supplemental material) 

 

S5.1 Supplementary Methods 

Potential confounders that we adjusted for included maternal demographic 

characteristics and comorbidities. Information about maternal age was categorized 

into five year categories (<20, 20-24, 25-29, 30-34, 35-39 and 40 years or older), 

smoking habits recorded during the 1st antenatal visit as: (non-smokers, moderate 

smokers “1-9 cigarettes/day” and heavy smokers “≥10 cigarettes/day”). We calculated 

maternal body mass index (BMI) using the women’s height and pre-pregnancy weight 

(kg/m2), and that was categorized into the following subgroups: underweight (BMI 

<18.5), normal (18.5 to <25), overweight (25 to <30) and obese (≥30). Parity was 

categorized into (“parity 1”, no previous birth; “parity 2”, one previous birth; and 

“parity 3”, if a woman had two or more previous births). Country of origin and this 

was categorized as: Sweden, other Scandinavian countries or elsewhere. Other 

comorbidities included asthma, diabetes mellitus (DM), and cardiovascular disease 

(CVD). Data on these variables were collected from the Swedish MBR, in addition to 

NPR for comorbidities variables. Maternal highest educational level was obtained 

from the Swedish Education Register and was based on the mothers’ highest level of 

education. 

 

When we investigated the risk of pre-eclampsia, we adjusted for child’s gender as 

previous studies suggested an association between fetal gender and pre-eclampsia (1, 

2). We conducted sub-group analyses to examine the effect of parity (primigravida, 

multigravida), maternal age (<35 yrs. or ≥35 yrs.), and BMI categories on adverse 

perinatal outcomes. In all analyses, we accounted for the potential clustering within 

family. Additionally, sensitivity analyses were performed excluding women with 

other comorbidities including DM, CVD, and asthma. 
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S5.2 Supplementary Results 

The sensitivity analyses according to maternal characteristics 

Stratified results by parity demonstrated that multiparous women with chronic 

hypertension (CH), chronic kidney disease (CKD) or with both conditions had worse 

outcomes than nulliparous women (Table S5.3). The adjusted estimates for pre-

eclampsia, in multiparous women, were remarkably higher in women with CH 

[adjusted odd ratio (aOR)=6.02 (95% confidence interval (CI), 5.59–6.49)]; CKD 

[aOR=2.09 (95% CI, 1.88–2.32)] and in those with both conditions [aOR=7.22 (95% 

CI, 5.55–9.40)]. 

The subgroup analyses by maternal age suggested that younger women (<35 yrs.) with 

CH, CKD or both conditions were more likely to deliver by elective Cesarean section 

(CS) and to have spontaneous preterm birth (Table S5.4). In contrast, older women 

(≥35 yrs.) with CH or CKD had higher odds of medically indicated preterm birth, 

stillbirth and small for gestational age. Although the incidence of adverse outcomes 

increased with increasing BMI, the adjusted estimates of pre-eclampsia, emergency 

CS, elective CS, preterm birth, and small for gestational age decreased gradually with 

increasing BMI, in women with CH (Table S5.5). 

The results of sensitivity analysis (excluding women with other comorbidities) are 

shown in Table S5.6. The associations for women with CH or CKD did not materially 

change, but it seems that most of the confounding effects were related to the 

confounders we excluded in this analysis (DM, CVD, and asthma). As some adjusted 

estimates become larger in women with both conditions, compared to normotensive 

women without CKD. For example, the aOR for spontaneous preterm birth became 

significant [aOR=1.70 (95% CI, 1.09, 2.67)]. Also, the adjusted ORs for pre-eclampsia 

[7.37 (95% CI, 5.93. 9.14)] and small for gestational age [5.38 (95% CI, 4.27, 6.80)] 

were stronger than crude estimates in women with both conditions. However, that did 

not change our conclusion. 
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 S5.3 Supplementary Figures (S5.1-S5.2) and Tables (S5.1-S5.6) 

 

 

 

Figure S5.1 Flowchart of the study population 

Births between 1973 and 2012 

N= 4,073,947  

Number of excluded 

women=627,389 

Births between 1982 and 2012 

N= 2,788,574 

Number of 

women=2,061,909 

1,208,556 births excluded as their 

mothers had their 1st pregnancy before 

1982 

Number of excluded 

women=13,674 

 

76,817 multiple births excluded 

84 duplicates dropped 

 (Based on mothers’ id and date of birth) 

Births in the final cohort between 1st January1982 and 31st December 2012 

N= 2,788,490 

Number of women  

=1,420,846 

  

Number of women 

=1,420,846  
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 Figure S5.2 Trends in prevalence of maternal chronic hypertension, chronic kidney disease and a combination of both conditions over the last three 

decades 
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Table S5.1 International Classification of Diseases (ICD-codes) 

Disease 
ICD-8 codes 

(1973-1986) 

ICD-9 codes 

(1987-1996) 

ICD-10 codes 

(1997-2013) 

Pre-eclampsia or eclampsia  
637.00, 637.03, 637.04, 637.09, 

637.10, 637.19, 637.90, 637.99 
642E, 642F, 642G, 642H 

O110, O119, O140, O141, O141A, O14.B, O141C, 

O141X, O142, O149, O150, O151, O152, O159 

Subtypes chronic kidney disease (CKD)    

Tubulointerstitial CKD - - N11-N12, N15-N16 

Glomerular/proteinuric CKD - 581-583 N01-N06, N08 

Diabetic nephropathy 250,04 250D 

E10.2, E10.2A , E10.2B, E10.2C, E10.2W, E10.2X, 

E11.2A , E11.2B, E11.2C, E11.2W, E11.2X, E13.2, 

E14.2 

Renovascular disease 403-404 403-404 I12.0-I13.9, I15.0, I15.1 

Congenital anomalies of the kidney and urinary 

tract 

753,00-753,99 753 Q60.0-Q64.9, Q27.1, Q27.2 

Other/unspecified CKD 581,00-584,99 
585-588, V42A, V45B, 

V56A, V56W 

N130-N139, N18-N19, Z49.0-Z49.2, Z99.2, Z94.0, 

T86.1 
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Table S5.2 Adjusted estimates for the association between maternal chronic diseases and adverse pregnancy outcomes overt time from 1982 to 2012 

Outcome 
Normotensive women 

Cases, n (%)     OR (95% CI) 

Pregnancies with CH 

Cases, n (%)   OR (95% CI) 

Pregnancies with CKD) 

Cases, n (%)    OR (95% CI) 

Pregnancies with CH & CKD 

Cases, n (%)    OR (95% CI) 

Pre-eclampsiaa         

1982–1986 14,181 (5.3) Reference 133 (27) 4.65 (3.73, 5.80) 111 (10) 1.87 (1.52, 2.29) 10 (14) 2.98 (1.49, 5.93) 

1987–1991 9,232 (1.9) Reference 277 (16) 8.30 (7.18, 9.59) 73 (2.9) 1.44 (1.13, 1.83) 8 (6.5) 2.60 (1.22, 5.51) 

1992–1996 10,210 (2.1) Reference 261 (9.4) 3.81 (3.31, 4.39) 131 (2.9) 1.43 (1.19, 1.71) 17 (10) 3.41 (1.90, 6.14) 

1997–2001 12,260 (3.0) Reference 213 (17) 4.84 (4.11, 5.70) 131 (4.3) 1.48 (1.23, 1.77) 16 (19) 5.04 (2.60, 9.79) 

2002–2006 12,914 (2.7) Reference 447 (16) 5.01 (4.46, 5.63) 233 (4.9) 1.82 (1.58, 2.09) 39 (20) 6.19 (3.97, 9.65) 

2007–2012 17,134 (2.8) Reference 607 (14) 4.12 (3.73, 4.56) 300 (4.6) 1.69 (1.50, 1.92) 85 (19) 3.95 (2.90, 5.38) 

Emergency cesarean sectionb 

1982–1986 14,419 (6.4) Reference 72 (19) 2.43 (1.85, 3.19) 101 (12) 1.89 (1.52, 2.37) 8 (14) 2.41 (1.09, 5.32) 

1987–1991 17,553 (4.3) Reference 157 (12) 2.54 (2.12, 3.03) 126 (6.3) 1.43 (1.18, 1.73) 6 (7.8) 1.41 (0.62, 3.19) 

1992–1996 20,134 (4.9) Reference 93 (4.7) 0.79 (0.64, 0.98) 193 (5.6) 1.08 (0.94, 1.26) 11 (12) 1.99 (1.03, 3.82) 

1997–2001 24,683 (7.7) Reference 129 (15) 1.67 (1.37, 2.04) 224 (9.8) 1.30 (1.13, 1.50) 12 (25) 3.54 (1.69, 7.41) 

2002–2006 41,111 (11) Reference 481 (24) 1.85 (1.65, 2.08) 508 (15) 1.38 (1.24, 1.52) 37 (29) 2.25 (1.44, 3.52) 

2007–2012 58,181 (12) Reference 774 (25) 1.75 (1.59, 1.92) 767 (16) 1.43 (1.31, 1.56) 105 (32) 1.58 (1.15, 2.16) 

Elective cesarean sectionb 

1982–1986 9,962 (4.5) Reference 45 (13) 1.84 (1.30, 2.61) 83 (9.9) 2.11 (1.65, 2.71) 8 (14) 3.45 (1.62, 7.53) 

1987–1991 17,602 (4.3) Reference 169 (13) 2.42 (2.03, 2.88) 170 (8.4) 1.86 (1.58, 2.20) 25 (26) 5.39 (3.29, 8.81) 

1992–1996 22,905 (5.6) Reference 349 (16) 2.25 (1.99, 2.54) 346 (9.6) 1.67 (1.49, 1.88) 56 (41) 7.40 (5.09, 10.8) 

1997–2001 24,019 (7.5) Reference 193 (21) 2.22 (1.88, 2.63) 272 (12) 1.51 (1.31, 1.73) 24 (40) 4.97 (2.86, 8.64) 

2002–2006 32,354 (9.0) Reference 317 (18) 1.49 (1.31, 1.70) 486 (14) 1.59 (1.43, 1.76) 37 (29) 2.82 (1.83, 4.33) 

2007–2012 42,357 (8.8) Reference 486 (17) 1.37 (1.23, 1.53) 621 (13) 1.50 (1.37, 1.65) 63 (22) 1.28 (0.92, 1.79) 

Preterm birth (<37 weeks’ gestation)b 

1982–1986 16,497 (6.1) Reference 96 (19) 3.07 (2.43, 3.89) 131 (12) 1.81 (1.50, 2.19) 20 (28) 5.18 (3.09, 8.67) 

1987–1991 25,359 (5.3) Reference 237 (14) 2.65 (2.29, 3.03) 250 (10) 1.77 (1.55, 2.03) 37 (30) 5.93 (4.00, 8.79) 

1992–1996 24,450 (4.9) Reference 329 (12) 2.36 (2.10, 2.67) 334 (12) 1.43 (1.27, 1.61) 58 (36) 7.75 (5.48, 11.0) 
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1997–2001 20,668 (5.0) Reference 192 (15) 2.96 (2.51, 3.49) 274 (9.0) 1.75 (1.54, 1.99) 29 (35) 7.51 (4.56, 12.3) 

2002–2006 23,414 (5.0) Reference 349 (13) 2.34 (2.08, 2.64) 399 (8.4) 1.67 (1.49, 1.86) 57 (29) 5.38 (3.76, 7.71) 

2007–2012 30,486 (4.9) Reference 528 (12) 2.31 (2.09, 2.55) 507 (7.8) 1.54 (1.40, 1.70) 108 (25) 3.22 (2.48, 4.18) 

Stillbirthb         

1982–1986 1,007 (0.37) Reference 7 (1.4) 3.03 (1.40, 6.57) 3 (0.27) - 1 (1.4) - 

1987–1991 1,557 (0.33) Reference 10 (0.58) 1.49 (0.79, 2.81) 11 (0.44) 1.15 (0.63, 2.08) 0 - 

1992–1996 1,498 (0.30) Reference 20 (0.72) 1.86 (1.19, 2.91) 17 (0.38) 1.13 (0.70, 1.84) 0 - 

1997–2001 1,480 (0.36) Reference 10 (0.79) 1.65 (0.88, 3.10) 19 (0.62) 1.57 (0.99, 2.47) 1 (1.2) - 

2002–2006 1,425 (0.30) Reference 23 (0.83) 2.05 (1.34, 3.14) 15 (0.31) 0.97 (0.58, 1.61) 4 (2.0) - 

2007–2012 2,168 (0.35) Reference 28 (0.66) 1.31 (0.89, 1.94) 29 (0.45) 1.18 (0.81, 1.72) 1 (0.23) - 

Small for gestational ageb 

1982–1986 9,656 (3.6) Reference 75 (15) 4.59 (3.53, 5.96) 65 (5.8) 1.53 (1.17, 2.01) 5 (6.9) 1.87 (0.73, 4.75) 

1987–1991 14,014 (2.9) Reference 220 (13) 4.99 (4.30, 5.80) 118 (4.8) 1.45 (1.20, 1.76) 11 (8.9) 2.59 (1.35, 4.96) 

1992–1996 12,356 (2.5) Reference 185 (6.6) 2.96 (2.53, 3.46) 136 (3.0) 1.09 (0.91, 1.31) 24 (15) 6.51 (4.13, 10.2) 

1997–2001 9,614 (2.3) Reference 107 (8.5) 4.13 (3.36, 5.08) 108 (3.6) 1.44 (1.18, 1.75) 6 (7.2) 3.57 (1.54, 8.30) 

2002–2006 10, 375 (2.2) Reference 198 (7.2) 3.58 (3.07, 4.18) 139 (2.9) 1.25 (1.05, 1.48) 27 (14) 7.59 (4.87, 11.8) 

2007–2012 14,187 (2.3) Reference 262 (6.2) 2.93 (2.57, 3.34) 189 (2.9) 1.21 (1.04, 1.41) 38 (8.7) 4.70 (3.31, 6.67) 

CH, Chronic hypertension; CKD, chronic kidney disease. a adjusted for maternal age, educational level, smoking, BMI, parity, country of origin, other comorbidities (diabetes, 

cardiovascular disease, asthma) and child’s gender. b adjusted for maternal age, educational level, smoking, BMI, parity, country of origin, and other comorbidities (diabetes, 

cardiovascular disease, asthma). 
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Table S5.3 Adjusted estimates for the association between maternal chronic diseases and adverse pregnancy outcomes stratified by parity 

Outcome 
Normotensive women 

Cases, n (%)     OR (95% CI) 

   Pregnancies with CH   

Cases, n (%)   OR (95% CI) 

Pregnancies with CKD 

Cases, n (%)    OR (95% CI) 

Pregnancies with CH & CKD  

Cases, n (%)    OR (95% CI) 

Pre-eclampsiaa 

Primigravids  53,339 (4.1)       Reference 939 (17)  3.53 (3.27, 3.81) 563 (5.7)       1.37 (1.25, 1.49) 81 (16) 2.66 (2.02, 3.51) 

Multigravida 22,592 (1.6) Reference 999 (13) 6.02 (5.59, 6.49) 416 (3.3) 2.09 (1.88, 2.32) 94 (17) 7.22 (5.55, 9.40) 

Emergency cesarean sectionb 

Primigravids  115,306 (11) Reference 948 (25) 1.57 (1.44, 1.70) 1,134 (16) 1.30 (1.21, 1.38) 95 (28) 1.52 (1.13, 2.05) 

Multigravida 60,775 (5) Reference 758 (13) 1.87 (1.72, 2.03) 785 (8) 1.41 (1.31, 1.53) 84 (21) 2.39 (1.78, 3.20) 

Elective cesarean sectionb 

Primigravids  53,507 (5.6) Reference 505 (15) 1.86 (1.68, 2.07) 703 (11) 1.76 (1.62, 1.90) 93 (28) 3.18 (2.34, 4.34) 

Multigravida 95,692 (7.6) Reference 1,054 (17) 1.67 (1.55, 1.80) 1,275 (12)      1.52 (1.42, 1.62) 120 (28) 2.33 (1.80, 3.02) 

Spontaneous preterm birth (<37 weeks’ gestation)b 

Primigravids  38,241 (3) Reference 183 (3.8) 1.06 (0.91, 1.23) 373 (4) 1.19 (1.07, 1.32) 23 (6) 1.21 (0.77, 1.90) 

Multigravida 29,551 (2.1) Reference 186 (2.6) 1.09 (0.94, 1.27) 376 (3.1) 1.30 (1.17, 1.45) 17 (3.9) 1.17 (0.69, 1.97) 

Medically indicated preterm birth (<37 weeks’ gestation)b 

Primigravids  42,644 (3.4) Reference 649 (12) 3.75 (3.44, 4.10) 553 (5.9) 1.84 (1.68, 2.01) 137 (28) 8.64 (6.91, 10.8) 

Multigravida 30,291 (2.1) Reference 713 (9) 4.04 (3.71, 4.41) 593 (4.9) 2.28 (2.08, 2.49) 132 (24) 9.30 (7.37, 11.7) 

Stillbirthb 

Primigravids  4,685 (0.36) Reference 39 (0.72)  1.42 (1.03, 1.96) 43 (0.44) 1.12 (0.83, 1.52) 2 (0.39) - 

Multigravida 4,450 (0.31) Reference 59 (0.75) 1.84 (1.41, 2.40) 51 (0.40) 1.20 (0.90, 1.59) 5 (0.88) 1.73 (0.73, 4.13) 

Small for gestational agea 

Primigravids  46,439 (3.6) Reference 552 (10) 3.07 (2.81, 3.66) 448 (4.6) 1.23 (1.12, 1.36) 69 (14) 4.26 (3.28, 5.54) 

Multigravida 23,763 (1.6) Reference 495 (6.3) 4.24 (3.85, 4.67) 307 (2.4) 1.37 (1.22, 1.54) 42 (7.4) 4.99 (3.55, 7.01) 

Total number of primiparous women=1,321,972; multiparous women= 1,466,518   

CH, chronic hypertension; CKD, chronic kidney disease. a adjusted for maternal age, educational level, smoking, BMI, country of origin, other comorbidities (diabetes, 

cardiovascular disease, asthma), birth year and child’s gender. b adjusted for maternal age, educational level, smoking, BMI, country of origin, other comorbidities (diabetes, 

cardiovascular disease, asthma) and birth year. 
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Table S5.4 Adjusted estimates for the association between maternal chronic diseases and adverse pregnancy outcomes stratified by maternal age 

Outcome 
Normotensive women 

Cases, n (%)   OR (95% CI) 

Pregnancies with CH 

Cases, n (%)   OR (95% CI) 

Pregnancies with CKD 

Cases, n (%)   OR (95% CI) 

Pregnancies with CH & CKD 

Cases, n (%)    OR (95% CI) 

Pre-eclampsiaa         

<35 yrs. 64,375 (2.7) Reference 1,293 (14) 4.78 (4.48, 5.12) 779 (4.2) 1.58 (1.46, 1.70) 111 (14) 3.59 (2.78, 4.63) 

≥35 yrs. 11,556 (2.9) Reference 645 (16) 4.48 (4.07, 4.93) 200 (5.2) 1.79 (1.54, 2.08) 64 (21) 6.17 (4.49, 8.48) 

Emergency cesarean sectionb 

<35 yrs. 140,217 (7.3) Reference 1,003 (15) 1.84 (1.71, 1.98) 1,484 (10) 1.37 (1.29, 1.45) 110 (21) 1.77 (1.36, 2.31) 

≥35 yrs. 35,864 (12) Reference 703 (24) 1.81 (1.64, 1.99) 435 (16) 1.33 (1.19, 1.49) 69 (35) 2.28 (1.60, 3.25) 

Elective cesarean sectionb 

<35 yrs. 107,815 (5.7) Reference  828 (13) 1.91 (1.76, 2.06) 1,410 (10) 1.63 (1.54, 1.74) 136 (24) 2.94 (2.30, 3.75) 

≥35 yrs. 41,384 (13) Reference 731 (25) 1.78 (1.63, 1.95) 568 (20) 1.51 (1.37, 1.66) 77 (38) 2.47 (1.78, 3.41) 

Spontaneous preterm birth (<37 weeks’ gestation)b 

<35 yrs. 57,372 (2.5) Reference 246 (3.0) 1.08 (0.95, 1.24) 618 (3.5) 1.25 (1.15, 1.36) 31 (5.3) 1.31 (0.87, 1.96) 

≥35 yrs. 10,420 (2.7) Reference 123 (3.3) 1.06 (0.88, 1.27) 131 (3.6) 1.22 (1.02, 1.48) 9 (4.1) 0.88 (0.39, 1.94) 

Medically indicated preterm birth (<37 weeks’ gestation)b 

<35 yrs. 61,446 (2.7) Reference 833 (9.5) 3.79 (3.51, 4.11) 916 (5.1) 2.04 (1.90, 2.20) 179 (24) 8.93 (7.30, 10.9) 

≥35 yrs. 11,489 (3.0) Reference 529 (13) 4.27 (3.86, 4.73) 230 (6.1) 2.08 (1.81, 2.40) 90 (30) 9.76 (7.38, 12.9) 

Stillbirthb         

<35 yrs. 7,388 (0.31) Reference 60 (0.66) 1.75 (1.35, 2.27) 69 (0.37) 1.10 (0.86, 1.39) 4 (0.52) - 

≥35 yrs. 1,747 (0.44) Reference 38 (0.89) 1.67 (1.20, 2.32) 25 (0.64) 1.39 (0.92, 2.10) 3 (0.96) - 

Small for gestational ageb 

<35 yrs. 59,502 (2.5) Reference 664 (7.4) 3.61 (3.32, 3.93) 599 (3.2) 1.26 (1.16, 1.37) 81 (11) 4.92 (3.86, 6.26) 

≥35 yrs. 10,700 (2.7) Reference 383 (9.0) 3.77 (3.36, 4.23) 156 (4.0) 1.41 (1.19, 1.67) 30 (9.7) 3.89 (2.56, 5.89) 

Total number of pregnancies of mothers <35 years= 2,384,532; and pregnancies to mothers who were 35 years or older = 403,958. 

CH, chronic hypertension; CKD, chronic kidney disease. a adjusted for educational level, smoking, BMI, country of origin, parity, other comorbidities (diabetes, cardiovascular 

disease, asthma), birth year and child’s gender. b adjusted for educational level, smoking, BMI, country of origin, parity, other comorbidities (diabetes, cardiovascular disease, 

asthma) and birth year. 
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Table S5.5 Adjusted estimates for the association between maternal chronic diseases and adverse pregnancy outcomes stratified by maternal BMI  

Outcome 
Normotensive women 

Cases, n (%)   OR (95% CI) 

Pregnancy with CH 

Cases, n (%)   OR (95% CI) 

Pregnancy with CKD) 

Cases, n (%)   OR (95% CI) 

Pregnancy with CH & CKD 

Cases, n (%)    OR (95% CI) 

Pre-eclampsiaa         

Underweight* 1,387 (1.8) Reference 16 (12) 7.46 (4.36, 12.8) 19 (2.7) 1.68 (1.06, 2.67) 1 (3.9) - 

Normal ƚ 31,584 (2.3) Reference 553 (13) 5.94 (5.39, 6.55) 400 (3.5) 1.66 (149, 1.84) 68 (15) 4.48 (3.21, 6.25) 

Overweight § 16,139 (3.5) Reference 450 (14) 4.16 (3.73, 4.65) 228 (5.4) 1.65 (1.43, 1.90) 35 (16) 3.36 (2.14, 5.26) 

Obese¥ 10,522 (5.8) Reference 515 (18) 3.14 (2.82, 3.49) 141 (7.4) 1.38 (1.15, 1.65) 43 (26) 4.26 (2.85, 6.37) 

Emergency cesarean sectionb 

Underweight* 3,579 (5.5) Reference 15 (14) 2.43 (1.37, 4.30) 42 (7.8) 1.20 (0.86, 1.66) 3 (14) - 

Normal ƚ 81,779 (7.2) Reference 458 (14) 1.77 (1.59, 1.97) 855 (10) 1.34 (1.24, 1.45) 65 (20) 1.44 (0.98, 2.13) 

Overweight § 37, 898 (10) Reference 453 (20) 1.69 (1.50, 1.90) 454 (14) 1.42 (1.28, 1.58) 47 (33) 2.52 (1.61, 3.93) 

Obese¥ 20,492 (14) Reference 513 (25) 1.49 (1.33, 1.66) 271 (19) 1.38 (1.20, 1.60) 42 (38) 2.05 (1.29, 3.25) 

Elective cesarean sectionb 

Underweight* 3,491 (5.3) Reference 8 (8.0) 1.04 (0.50, 2.18) 49 (8.9) 1.50 (1.10, 2.05) 4 (17) - 

Normal ƚ 69,816 (6.2) Reference 428 (14) 1.75 (1.57, 1.96) 932 (11) 1.66 (1.54, 1.79) 87 (25) 2.57 (1.87, 3.52) 

Overweight § 29,760 (8.3) Reference 390 (17) 1.68 (1.45, 1.89) 383 (12) 1.44 (1.28, 1.62) 48 (34) 2.57 (1.67, 3.96) 

Obese¥ 15,543 (11) Reference 378 (19) 1.38 (1.21, 1.56) 232 (17) 1.43 (1.22, 1.67) 31 (31) 2.21 (1.38, 3.53) 

Spontaneous preterm birth (<37 weeks’ gestation)b 

Underweight* 2,100 (2.8) Reference 3 (2.5) - 36 (5.4) 1.49 (1.07, 2.09) 1 (4.4) - 

Normal ƚ 33,143 (2.4) Reference 133 (3.3) 1.28 (1.07, 1.53) 349 (3.2) 1.18 (1.06, 1.32) 18 (5.0) 1.12 (0.66, 1.90) 

Overweight § 12,195 (2.7) Reference 92 (3.2) 1.06 (0.85, 1.31) 130 (3.3) 1.13 (0.93, 1.36) 6 (3.8) 0.74 (0.32, 1.75) 

Obese¥ 5,481 (3.1) Reference 86 (3.4) 0.99 (0.79, 1.24) 80 (3.4) 1.40 (1.11, 1.76) 2 (1.6) - 
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Medically indicated preterm birth (<37 weeks’ gestation)b 

Underweight* 2,796 (3.7) Reference 17 (13) 5.17 (3.05, 8.76) 35 (5.3) 1.70 (1.19, 2.44) 3 (12) - 

Normal ƚ 30,288 (2.2) Reference 370 (8.7) 4.10 (3.65, 4.61) 483 (4.4) 2.12 (1.92, 2.32) 103 (23) 8.93 (6.77, 11.8) 

Overweight § 9,588 (2.1) Reference 298 (10) 4.08 (3.58, 4.66) 201 (4.9) 2.27 (1.95, 2.64) 56 (27) 8.84 (5.93, 13.2) 

Obese¥ 4,997 (2.8) Reference 322 (11) 3.54 (3.10, 4.04) 103 (5.6) 1.86 (1.52, 2.28) 43 (26) 7.24 (4.91, 10.7) 

Stillbirthb         

Underweight* 165 (0.21) Reference 1 (0.73) - 3 (0.43) - 0 - 

Normal ƚ 3,514 (0.25) Reference 25 (0.57) 2.05 (1.38, 3.05) 29 (0.26) 0.96 (0.67, 1.39) 2 (0.43) - 

Overweight § 1,699 (0.37) Reference 18 (0.56) 1.33 (0.84, 2.12) 25 (0.60) 1.51 (1.00, 2.28) 0 - 

Obese¥ 1,002 (0.55) Reference 33 (1.1) 1.78 (1.23, 2.54) 11 (0.57) 0.95 (0.52, 1.72) 2 (1.2) - 

Small for gestational ageb 

Underweight* 3,719 (4.7) Reference 18 (13) 3.44 (2.05, 5.79) 40 (5.7) 1.11 (0.80, 1.53) 3 (12) - 

Normal ƚ 34,134 (2.4) Reference 375 (8.6) 3.91 (3.50, 4.37) 364 (3.2) 1.27 (1.13, 1.41) 49 (11) 4.53 (3.29, 6.24) 

Overweight § 9,451 (2.1) Reference 212 (6.6) 3.52 (3.04, 4.07) 110 (2.6) 1.22 (1.00, 1.49) 18 (8.3) 5.19 (3.09, 8.70) 

Obese¥ 4,082 (2.2) Reference 176 (6.1) 2.80 (2.37, 3.30) 67 (3.5) 1.55 (1.21, 1.99) 9 (5.4) 2.70 (1.37, 5.32) 

CH, Chronic hypertension; CKD, chronic kidney disease 

* Underweight (BMI<18.5 kg/m2); ƚ Normal (BMI≥18.5 to<25 kg/m2); § Overweight (BMI ≥25 to <30 kg/m2), ¥ Obese (BMI: ≥30 kg/m2). a adjusted for maternal age, educational 

level, smoking, country of  origin, parity, other comorbidities (diabetes, cardiovascular disease, asthma), birth year and child’s gender. b adjusted for maternal age, educational level, 

smoking, country of origin, parity, other comorbidities (diabetes, cardiovascular disease, asthma) and birth year. 
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Table S5.6 The association between maternal chronic diseases and perinatal outcomes after excluding women with comorbidities (singleton pregnancies 1982–

2012) 

Outcome 

Pregnancies of 

normotensive women 

N= 2,608,565 

Chronic hypertension 

(CH) N=11,550 

Chronic kidney disease 

(CKD) N= 20,012 

CH & CKD 

N= 716 

Pre-eclampsia     

Adjusted OR (95% CI)a Reference 4.97 (4.69, 5.27) 1.61 (1.49, 1.74) 7.37 (5.93. 9.14) 

Emergency Caesarean section     

Adjusted OR (95% CI)b Reference 1.74 (1.63, 1.86) 1.35 (1.27, 1.42) 
2.79 (2.20, 3.54) 

 

Elective Caesarean section     

Adjusted OR (95% CI)b Reference 1.76 (1.65, 1.88) 1.57 (1.48, 1.66) 
3.76 (3.01, 4.70) 

 

Spontaneous preterm birth (<37wk.)  

Adjusted OR (95% CI)b Reference 1.10(0.97, 1.23) 1.24 (1.14, 1.35) 1.70 (1.09, 2.67) 

Medically indicated preterm birth (<37wk.)    

Adjusted OR (95% CI)b Reference 4.11 (3.85, 4.41) 1.094 (1.81, 2.09) 12.5 (10.22, 15.3) 

Stillbirth     

Adjusted OR (95% CI) b Reference 1.66 (1.35, 2.09) 1.19 (0.95, 1.49) 1.52 (0.56, 4.07) 

Small for gestational age     

Adjusted OR (95% CI)b Reference 3.62 (3.37, 3.89) 1.25 (1.15, 1.36) 5.38 (4.27, 6.80) 

A total of (n=147,647) records with comorbidities (DM, CVD or asthma) were deleted from these analyses.  All adjusted estimates cluster on mothers’ ID. a adjusted for maternal 

age, educational level, smoking, BMI, country of origin, parity, birth year and child’s gender.b adjusted for maternal age, educational level, smoking, BMI, country of origin, parity, 

and birth year. 
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Appendix 6: The Role of Antihypertensive Treatment and Blood 

Pressure Control in the Occurrence of Adverse Pregnancy 

Outcomes: A Population-based Study of Linked Electronic Health 

Records (supplemental material) 

S6.1 Supplementary Methods 

In propensity score matching, four separate comparisons were made. The first assessed 

adverse pregnancy outcomes in pregnancies exposed to antihypertensive treatment 

compared to untreated hypertensive pregnancies. In this model, the exposed group 

included pregnant women using any antihypertensive agent(s) (inferred or diagnosed), 

whereas the unexposed group included untreated pregnant women with diagnosed 

hypertension. The second comparison was of pregnancy outcomes in pregnant women 

with chronic hypertension using methyldopa versus β-blockers. Third, we compared 

pregnancy outcomes in those using calcium channel blockers versus β-blockers. 

Finally, we compared pregnancy outcomes in those using calcium channel blockers 

versus methyldopa. The propensity score algorithm was run separately for each 

comparison to match a record in the exposed group to the unexposed group. We used 

a logit model to create the propensity score for the probability of being treated, with 

the covariates of age (continuous), ethnicity, smoking, BMI, pre-pregnancy diabetes, 

parity and IMD (baseline characteristics before and after applying propensity score 

matching is shown in Table S6.12). 

Propensity score matching analysis in this study was comprised of four steps. First, the 

propensity scores were estimated. Second, treatment and comparison units were 

matched by the closeness of their propensity scores, using 1:1 nearest-neighbour 

matching with a caliper width of 0.1 SDs of the logit of the propensity score (3). Third, 

overlap and balance of propensity score distributions (balance plots) across treatment 

and comparison groups were assessed through visual inspection. Fourth step was to 

assess the balance of covariates (included in the propensity score estimation model) 

after matching using standardized differences to compare all covariates, with a 

value < 0.1 indicating good balance and a negligible difference between groups for the 

covariates (4). Additionally, we used variance of ratios to assess the balance between 

the treatment and comparison groups, and kernel densities were plotted to examine 

balance of distributions of a continuous variable (maternal age) across matched 

treatment and comparison groups (5).  
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S6.2 Supplementary Figures (S6.1-S6.6) and Tables (S6.1-S6.13) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CPRD Pregnancy Register 

5,620,784 records from 2,356, 933 

women 

 

HES Maternity File 

7,253,450 records from 1,726,295 women 

  

3,281,170 records from 1,340,167 

women eligible for HES linkage 

 

2,339,614 records from 

1,106,766 women not eligible 

for HES linkage  

 

 1,394,472 incomplete 

pregnancies, <20 weeks’ 

gestation 

1,886,698 records from 1,030,983 

women  

  

1,044,533 records outside 

eligibility period (1997 and 

2016) 

 

  

832,496 unique records from 550,691 

women  

  

 2,073,602 records from 1,304,679 women in both 

datasets 

 
  

1,809,573 records from 268,364 women 

removed with missingness on maternal age 

or outside eligibility bracket (11-49) 
  

5,443,877 records from 1,457,931 

women  
  

1,952,497 records from 1,172,285 

were completed pregnancy (≥20 

weeks’ gestation) 
  

3,491,380 records from 285,646 women 

had unknown values on gestational age 

or incomplete pregnancies<20 weeks’ 

gestation 
 

 

27,218 records from 10,930 women 

were outside eligibility period (1997 

and 2016) 

 

1,925,279 records from 1,161,355 

women  
  

373,260 duplicate/overla 

pping records removed* 

1,552,019 unique records from 

1,161,333 women  
  

1,894,184 records from 1,304,679 women in both datasets 

Without overlapping records 

  

  

179,418 overlapping records 

removed 

842,165 records from 550,691 

women  

  

9,669 duplicate/overlapping 

records removed* 
 

  

Figure S6.1 Flow diagram of pregnancy cohort from CPRD and HES datasets 

*dealing with overlapping records illustrated in Figure S6.6 
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On antihypertensive agents during pregnancy 

N=6,786 

 

Inferred** 

N=47,573 

 

Untreated 

n=43,785 
Treated 

n=3,788 

Treated 

n=2,998 
Untreated 

n=7,809 

Records with chronic hypertension during pregnancy (N=58,380) based on CALIBER definition 

Diagnosed* 

N=10,807 

Treatment (3rd trimester)  

N=3,974 

Treatment (2nd trimester)  

N=4,054 

Methyldopa=1,563 

Other monotherapy=45 

Calcium channel blockers 

=224 

 

Other multiple therapy=458 

β-blockers & CCB=148 

β-blockers=1,616 

Methyldopa=1350 

Other monotherapy=142 

Calcium channel blockers 

=289 

 

Other multiple therapy=890 

β-blockers & CCB=256 

β-blockers=2,027 

Methyldopa=1,578 

Other monotherapy=37 

Calcium channel blockers 

=179 

 

Other multiple therapy=378 

β-blockers & CCB=138 

β-blockers=1,664 

Treatment (1st trimester)  

N=4,954 

 

Figure S2: Flow diagram for women with chronic hypertension during pregnancy  

*Diagnosed: Diagnosis of hypertension during a consultation in primary or secondary care; **Inferred: Based on continuous blood pressure readings or blood pressure lowering 

medication  
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Table S6.1 Treatment patterns during the first trimester of pregnancy across women with chronic hypertension 

SWITCHERS  

from 1st TRIMESTER 

2nd TRIMESTER 

Diuretics β-blockers Methyldopa 
Calcium channel 

blockers 
Polytherapy* 

Diuretics (n=142) NA 4 9 0 2 

β-blockers (n=2,027) 0 NA 27 5 43 

Methyldopa (n=1,350) 0 29 NA 6 49 

Calcium channel blockers 

(n=289) 
0 6 17 NA 23 

Polytherapy (n=1,146) 0 198 233 34 NA 

SWITCHERS  

from 2nd TRIMESTER 
3rd TRIMESTER 

Diuretics (n=45) NA 1 1 0 2 

β-blockers (n=1,616) 0 NA 10 1 31 

Methyldopa (n=1,563) 0 18 NA 0 55 

Calcium channel blockers 

(n=224) 
0 2 6 NA 14 

Polytherapy (n=606) 
0 65 75 9 MA 

*Polytherapy group includes women who were exposed to more than one agent during any stage of pregnancy 

  



 

374 

 

Table S6.2 Baseline demographic characteristics for normotensive and hypertensive pregnancies 

 

Normotensive untreated 

pregnancies* 

 n=1,739,944 

Diagnosed untreated 

hypertension 

n=7,809 

Diagnosed treated 

hypertension 

n=2,998 

Inferred untreated 

hypertension 

n=43,785 

Inferred treated 

hypertension 

n=3,788 

Age (years), mean (SD) 28.9 (6) 32.7 (5.3) 34.5 (5.3) 31.4 (5.4) 31.2 (5.9) 

Ethnicity, n (%)      

White 1,414,774 (81) 6,453 (83) 2,196 (73) 39,767 (91) 3,303 (87) 

Black 69,944 (4) 623 (8) 422 (14) 1,010 (2.3) 152 (4) 

South Asian 101,939 (5.9) 241 (3.1) 178 (5.9) 1,226 (2.8) 145 (3.8) 

Other a 81,695 (4.7) 207 (2.7) 118 (3.9) 872 (2) 97 (2.6) 

Unknown 71,592 (4.1) 285 (3.7) 84 (2.8) 910 (2.1) 91 (2.4) 

Smoking, n (%)      

Non-smoker 245,680 (14) 1,394 (18) 1,398 (47) 9,401 (22) 1,187 (31) 

Ex-smoker 89,446 (5.1) 498 (6.4) 425 (14) 4,584 (11) 525 (14) 

Current smoker 140,524 (8.1) 556 (7.1) 330 (11) 5,919 (14) 789 (21) 

missing 1,264,294 (73) 5,361 (69) 845 (28) 23,881 (55) 1,287 (34) 

Body mass index b      

Underweight 19,387 (1.1) 38 (0.5) 13 (0.4) 490 (1.1) 64 (1.7) 

Normal 275,769 (16) 1,033 (13) 502 (17) 8,386 (19) 949 (25) 

Overweight 146,769 (8.4) 938 (12) 652 (22) 6,429 (15) 723 (19) 

Obese 114,087 (6.6) 1,453 (19) 1,090 (36) 8,571 (20) 948 (25) 

Severe obesity 8,871 (0.5) 263 (3.4) 225 (7.5) 1,257 (2.9) 182 (4.8) 

Missing 1,175,034 (68) 4,084 (52) 516 (17) 18,652 (43) 922 (24) 

Pre-pregnancy diabetes, n (%) 5,704 (0.33) 334 (4.3) 193 (6.4) 824 (1.9) 189 (5) 

Chronic kidney disease, n (%) 713 (0.04) 59 (0.76) 67 (2.2) 114 (0.26) 26 (0.69) 

Parity, n (%)      
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Nulliparous 325,890 (19) 1,312 (17) 497 (17) 9,728 (22) 752 (20) 

Multiparous 1,106,208 (64) 4,596 (59) 2,033 (68) 25,962 (59) 2,454 (65) 

Unknown 307,846 (18) 1,901 (24) 468 (16) 8,095 (18) 582 (15) 

Maternal outcome      

Pre-eclampsia 29,859 (1.6) 839 (11) 490 (16) 2,050 (4.7) 371 (9.8) 

Emergency Caesarean section 172,748 (11) 1,074 (16) 443 (18) 5,026 (13) 445 (13) 

Elective Caesarean section 138,260 (8.8) 1,083 (16) 472 (18) 4,786 (12) 462 (14) 

Stroke 137 (0.01) 3 (0.04) - 4 (0.01) 4 (0.11) 

Maternal Death 58 - - 2 - 

Fetal/neonatal outcome      

Stillbirth 7,631 (0.44) 67 (0.86) 29 (0.97) 269 (0.61) 37 (0.98) 

Gestational age (wk.), mean (SD) 39.1 (2.6) 38.3 (3.1) 37.6 (3.7) 38.7 (2.8) 38.2 (3.2) 

Preterm birth (<37 wk.)  63,460 (3.7) 677 (8.7) 436 (15) 2,794 (6.4) 425 (11) 

Very preterm birth (<32 wks.) 17,507 (1) 203 (2.8) 178 (6.5) 753 (1.8) 140 (4) 

Fetal growth restriction  34,584 (2) 270 (3.5) 160 (5.3) 1,304 (3) 216 (5.7) 

 * 95,860 records with either unspecified hypertension, other hypertensive disorders during pregnancy or exposed to antihypertensive agent were excluded from analyses except for 

pre-eclampsia investigation. a This category includes mixed ethnic group and another ethnic group; b underweight (BMI<18.5 kg/m2); Normal (BMI≥18.5 to<25 kg/m2); Overweight 

(BMI ≥25 to <30 kg/m2); Obese (BMI: ≥30 to <40 kg/m2); and severe obesity (BMI: ≥40 kg/m2) 
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Table S6.3 Chronic hypertension and adverse perinatal outcomes compared to normotensive untreated group (based on definition/treatment of hypertension) 

                            Exposure 

Outcome 

Chronic hypertension (diagnosed) vs normotensivea Chronic hypertension (inferred) vs normotensivea 

Crude OR (95% CI) Crude OR (95% CI) 

Diagnosed  

(treated + untreated) 

N=10,807 

Untreated 

n=7,809 

Treated 

 n=2,998 

Inferred 

(treated + untreated) 

N=53,784 

Untreated 

n= 43,785 

Treated 

 n=3,788 

Pre-eclampsia 8.58 (8.09, 9.09) 7.28 (6.77, 7.82) 11.8 (10.7, 13.2) 3.28 (3.14, 3.42) 2.97 (2.84, 3.11) 6.57 (5.90, 7.31) 

Emergency Caesarean sectionb 1.62 (1.54, 1.71) 1.57 (1.47, 1.68) 1.76 (1.59, 1.95) 1.23 (1.19, 1.26) 1.22 (1.19, 1.26) 1.28 (1.16, 1.41) 

Elective Caesarean sectionc 2.08 (1.97, 2.19) 1.98 (1.86, 2.11) 2.34 (2.12, 2.69) 1.47 (1.42, 1.52) 1.46 (1.41, 1.50) 1.66 (1.50, 1.83) 

Stillbirth 2.03 (1.66, 2.49) 1.96 (1.54, 2.50) 2.22 (1.54, 3.20) 1.47 (1.31, 1.64) 1.40 (1.24, 1.59) 2.24 (1.62, 3.10) 

Preterm birth (<37 wk.) 3.03 (2.85, 3.23) 2.51 (2.32, 2.71) 4.50 (4.06, 4.98) 1.92 (1.84, 1.99) 1.80 (1.73, 1.87) 3.33 (3.02, 3.69) 

Very preterm birth (<32 wk.)d 3.76 (3.39, 4.17) 2.73 (2.37, 3.14) 6.65 (5.71, 7.75) 1.93 (1.80, 2.06) 1.76 (1.63, 1.89) 3.99 (3.36, 4.72) 

Fetal growth restriction 2.04 (1.85, 2.25) 1.77 (1.56, 1.99) 2.78 (2.37, 3.26) 1.62 (1.54, 1.71) 1.51 (1.43, 1.60) 2.98 (2.60, 3.42) 

                      

                                Exposure 

Outcome  

Adjusted OR (95% CI)* Adjusted OR (95% CI)* 

Diagnosed  

(treated + 

untreated) 

Untreated Treated 

Diagnosed  

(treated + 

untreated) 

Untreated Treated 

Pre-eclampsia 6.24 (5.87, 6.64) 5.85 (5.43, 6.30) 7.19 (6.49, 7.97) 2.55 (2.44, 2.66) 2.37 (2.26, 2.48) 4.73 (4.23, 5.28) 

Emergency Caesarean sectionb 1.27 (1.20, 1.35) 1.24 (1.16, 1.33) 1.36 (1.22, 1.51) 1.09 (1.06, 1.12) 1.08 (1.05, 1.12) 1.18 (1.07, 1.31) 

Elective Caesarean sectionc 1.33 (1.26, 1.41) 1.32 (1.23, 1.41) 1.36 (1.23, 1.51) 1.18 (1.15, 1.22) 1.17 (1.13, 1.21) 1.32 (1.20, 1.47) 

Stillbirth 1.56 (1.27, 1.92) 1.58 (1.24, 2.01) 1.53 (1.06, 2.22) 1.26 (1.12, 1.42) 1.22 (1.08, 1.38) 1.73 (1.25, 1.40) 

Preterm birth (<37 wk.) 2.48 (2.33, 2.65) 2.13 (2.96, 2.31) 3.43 (3.08, 3.81) 1.65 (1.59, 1.72) 1.75 (1.51, 1.64) 2.57 (2.31, 2.85) 

Very preterm birth (<32wk)d 3.17 (2.85, 3.53) 2.38 (2.07, 2.75) 5.27 (4.50, 6.17) 1.76 (1.64, 1.88) 1.63 (1.51, 1.76) 3.26 (2.74, 3.87) 

Fetal growth restriction 2.34 (2.12, 2.58) 1.99 (1.76, 2.25) 3.35 (2.85, 3.94) 1.65 (1.56, 1.74) 1.55 (1.46, 1.64) 2.82 (2.46, 3.25) 

a The reference group refers to normotensive women who were unexposed to antihypertensive treatment during pregnancy;  b in the analysis of emergency caesarean section, elective caesarean section 

was excluded; c in the analysis of elective caesarean section, emergency caesarean section was excluded; d in the analysis of very preterm birth, deliveries between 33-<37 were excluded; *Adjusted for 

maternal age, deprivation index (practice IMD 2015), smoking, body mass index, ethnicity, parity, and pre-pregnancy disease (diabetes, kidney disease) 
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Table S6.4 Antihypertensive treatment and adverse perinatal outcomes in women with chronic hypertension (treated vs 

untreated) according to control level in the treated group, using propensity score matched sample  

Outcome n (%) Crude OR (95% CI) Adjusted OR (95% CI)* 

Severe hypertension in 3rd trimester    

Untreated chronic hypertension (n=6,766) 132 (1.95) Reference Reference 

Tight controla (n=1,076) 20 (1.86) 0.95 (0.59, 1.53) 0.96 (0.59, 1.54) 

Less-tight controlb (n=4,287) 257 (5.99) 3.21 (2.59, 3.97) 3.11 (2.50, 3.86) 

Pre-eclampsia    

Untreated chronic hypertension (n=6,766) 741 (10.9) Reference Reference 

Tight controla (n=1,076) 74 (6.88) 0.60 (0.47, 0.77) 0.59 (0.46, 0.76) 

Less-tight controlb (n=4,287) 670 (15.6) 1.51 (1.35, 1.69) 1.47 (1.31, 1.65) 

Emergency Cesarean sectionc    

Untreated chronic hypertension (n=5,923) 893 (15.1) Reference Reference 

Tight controla (935) 130 (13.9) 0.91 (0.75, 1.11) 0.92 (0.75, 1.13) 

Less-tight controlb (3,654) 622 (17.0) 1.16 (1.03, 1.29) 1.12 (0.99, 1.26) 

Elective Cesarean sectiond    

Untreated chronic hypertension (n=5,873) 843 (14.3) Reference Reference 

Tight controla (n=946) 141 (14.9) 1.05 (0.86, 1.27) 1.12 (0.92, 1.37) 

Less-tight controlb (n=3,665) 633 (17.3) 1.25 (1.11, 1.39) 1.25 (1.06, 1.33) 

Stillbirth    

Untreated chronic hypertension (n=6,766) 46 (0.68) Reference Reference 

Tight controla (n=1,076) 6 (0.56) 0.82 (0.35, 1.29) 0.93 (0.39, 2.20) 

Less-tight controlb (n=4,287) 49 (1.14) 1.69 (1.13, 2.53) 1.69 (1.11, 2.51) 

Preterm birth (<37 wks.)     

Untreated chronic hypertension (n=6,766) 700 (10.4) Reference Reference 

Tight controla (n=1,076) 121 (11.3) 1.10 (0.89, 1.35) 1.04 (0.85, 1.29) 

Less-tight controlb (n=4,287) 600 (14.0) 1.41 (1.26, 1.58) 1.39 (1.23, 1.56) 

Very preterm birth (<32 wks.) e    

Untreated chronic hypertension (n=6,261) 195 (3.11) Reference Reference 

Tight controla (n=988) 33 (3.34) 1.07 (0.74, 1.56) 1.01 (0.69, 1.48) 

Less-tight controlb (n=3,935) 248 (6.30) 2.09 (1.73, 2.54) 2.06 (1.69, 2.50) 

Fetal growth restriction    

Untreated chronic hypertension (n=6,766) 212 (3.13) Reference Reference 

Tight controla (n=1,076) 54 (5.02) 1.63 (1.20, 2.21) 1.55 (1.14, 2.12) 

Less-tight controlb (n=4,287) 253 (5.90) 1.94 (1.61, 2.34) 1.96 (1.62, 2.37) 

* Adjusted for maternal age, deprivation index, smoking, body mass index, ethnicity, parity, and pre-pregnancy disease (diabetes, 

kidney disease).a Tight control group refers to treated women with chronic hypertension whose average blood pressure in the 1st & 

2nd trimesters was both <135/85 mmHg; b less-tight control group refers to treated women with chronic hypertension whose average 

blood pressure in the 1st & 2nd trimesters was either ≥135/85 mmHg. Treated women without available data on blood pressure 

readings were excluded (n=1430); c in the analysis of emergency Cesarean section, elective Cesarean section were excluded; d in the 

analysis of elective Cesarean section, emergency Cesarean section were excluded; e in the analysis of very preterm birth, deliveries 

between 33-37 were excluded 
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Table S6.5 Antihypertensive treatment during pregnancy and adverse perinatal outcomes in women with chronic hypertension (treated vs untreated) using 

original cohort 

               

                                     Treatment 

 

Outcome 

Frequency n (%) Treated vs untreateda 

Untreated (n=7,792) Treated (n=6,766) Crude OR (95% CI) Adjusted OR (95% CI)b 

Severe hypertension 235 (3) 994 (15) 5.54 (4.78, 6.41) 4.13 (3.53, 4.82) 

Pre-eclampsia 836 (11) 860 (13) 1.21 (1.09, 1.34) 1.17 (1.04, 1.31) 

Emergency Caesarean sectionc 1,071 (16) 887/5,833 (15) 0.94 (0.86, 1.04) 0.95 (0.85, 1.07) 

Elective Caesarean sectiond 1,081 (16) 933 /5,879(16) 0.98 (0.89, 1.08) 1.05 (0.94, 1.17) 

Stillbirth 67 (0.86) 66 (0.98) 1.14 (0.81, 1.60) 1.31 (0.89, 1.91) 

Preterm birth (<37 wk.)  674 (8.7) 858 (13) 1.54 (1.38, 1.71) 1.38 (1.23, 1.55) 

Very preterm birth (<32 wks.)e 201/7,319 (2.7) 317/6,225 (5.1) 1.90 (1.59, 2.27) 1.66 (1.38, 2.00) 

Fetal growth restriction 269 (3.5) 374 (5.5) 1.64 (1.39, 1.92) 1.45 (1.21, 1.73) 

a Treated women with chronic hypertension vs untreated with chronic hypertension using original cohort (N=14,558); b Adjusted for maternal age, deprivation 

index, smoking, body mass index, ethnicity, parity, and pre-pregnancy diabetes; c in the analysis of emergency Caesarean section, elective Caesarean section 

were excluded; d in the analysis of elective Caesarean section, emergency Caesarean section were excluded; e in the analysis of very preterm birth, deliveries 

between 33-<37 were excluded 
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Table S6.6 The effect of antihypertensive agents on adverse perinatal outcomes in women with chronic hypertension using original cohort 

                                     Treatment 

 

Outcome 

Methyldopa vs β-blockers (unmatched 

sample)a 

calcium channel blockers vs β-blockers 

(unmatched sample)b 

calcium channel blockers vs methyldopa 

(unmatched sample)c 

Crude OR (95% CI) 
Adjusted OR (95% 

CI)d 
Crude OR (95% CI) 

Adjusted OR (95% 

CI)d 
Crude OR (95% CI) 

Adjusted OR (95% 

CI)d 

Severe hypertension (2nd trimester) 1.54 (1.20, 1.97) 1.46 (1.13, 1.88) 0.50 (0.23, 1.08) 0.50 (0.22, 1.11) 0.32 (0.15, 0.70) 0.34 (0.15, 0.73) 

Severe hypertension (3rd trimester) 1.65 (1.22, 2.23) 1.60 (1.17, 2.17) 0.78 (0.36, 1.71) 0.80 (0.36, 1.80) 0.47 (0.22, 1.03) 0.51 (0.23, 1.13) 

Pre-eclampsia 1.77 (1.49, 2.12) 1.59 (1.32, 1.91) 1.63 (1.15, 2.31) 1.43 (0.98, 2.07) 0.92 (0.65, 1.30) 0.93 (0.65, 1.33) 

Emergency Caesarean sectione 1.20 (1.01, 1.43) 1.10 (0.91, 1.33) 1.44 (1.01, 2.03) 1.33 (0.91, 1.96) 1.20 (0.84, 1.70) 1.19 (0.81, 1.74) 

Elective Caesarean sectionf 0.99 (0.83, 1.18) 0.86 (0.71, 1.03) 1.55 (1.11, 2.14) 1.38 (0.97, 1.97) 1.56 (1.12, 2.18) 1.56 (1.09, 2.23) 

Stillbirth 0.90 (0.49, 1.67) 0.78 (0.41, 1.48) 1.81 (0.69, 4.76) 1.54 (0.56, 4.27) 2.00 (0.73, 5.47) 2.02 (0.72, 5.67) 

Preterm birth (<37 wk.)  1.65 (1.38, 1.97) 1.55 (1.29, 1.86) 1.96 (1.41, 2.73) 1.88 (1.32, 2.66) 1.19 (0.86, 1.65) 1.14 (0.81, 1.59) 

Very preterm birth (<32 wks.)g 1.56 (1.17, 2.09) 1.43 (1.06, 1.92) 1.85 (1.08, 3.15) 1.54 (0.87, 2.72) 1.18 (0.69, 2.01) 1.08 (0.63, 1.87) 

Fetal growth restriction 0.60 (0.45, 0.80) 0.65 (0.49, 0.88) 1.06 (0.64, 1.76) 0.99 (0.59, 1.69) 1.76 (1.03, 3.00) 1.76 (1.02, 3.04) 

a Methyldopa vs β-blockers using unmatched sample (N=4,654); b Calcium channel blockers vs β-blockers using unmatched sample (N=2,991); c calcium channel blockers vs methyldopa using unmatched 

sample (N=2,241); d adjusted for maternal age, deprivation index, smoking, body mass index, ethnicity, parity, and pre-pregnancy diabetes; e in the analysis of emergency Caesarean section, elective 

Caesarean section were excluded; f in the analysis of elective Caesarean section, emergency Caesarean section were excluded; g in the analysis of very preterm birth, deliveries between 33-<37 were excluded 
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 Table S6.7 Associations between antihypertensive agents and adverse perinatal outcomes in women with chronic hypertension based on subgroup analyses 

 

                                     Treatment 

Outcome 

Methyldopa vs β-blockers (matched sample)a calcium channel blockers vs β-blockers (matched sample)b 

Cases in each group 

β-blockers      Methyldopa 
OR (95% CI) 

Interaction 

p-value 

Cases in each group 

β-blockers                  CCB 
OR (95% CI) 

Interaction 

p-value 

Nulliparity women (exposed vs 

unexposed) 
n=333 n=354   n=46 n=53   

Severe hypertension (2nd trimester) 13 23 1.71 (0.85, 3.43) 0.13 1 2 - - 

Severe hypertension (3rd trimester) 13 20 1.4 7(0.72, 3.01) 0.29 1 5 - - 

Pre-eclampsia 50 65 1.27 (0.85, 1.91) 0.24 8 12 1.39 (0.51, 3.77) 0.52 

Emergency Caesarean sectiond 75/273 98/310 1.22 (0.85, 1.75) 0.28 12/41 21/40 2.67 (1.07, 6.67) 0.04 

Elective Caesarean sectione 60/258 44/256 0.68 (0.44, 1.06) 0.09 5/34 13/32 3.97 (1.22, 12.9) 0.02 

Stillbirth 1 3 - - 0 0 - - 

Preterm birth (<37 wk.) 41 46 1.06 (0.68, 1.67) 0.79 9 11 1.08 (0.40, 2.88) 0.88 

Very preterm birth (<32 wks.)f 20/312 13/321 0.62 (0.30, 1.26) 0.19 6/43 5/47 0.73 (0.21, 2.60) 0.63 

Fetal growth restriction 24 15 0.57 (0.29, 1.11) 0.10 5 5 0.85 (0.23, 3.16) 0.81 

Child’s sex, male (exposed vs 

unexposed)* 
n=675 n=593   n=104 n=83   

Severe hypertension (2nd trimester) 35 39 1.29 (0.80, 2.06) 0.30 5 2 - - 

Severe hypertension (3rd trimester) 19 29 1.77 (0.98, 3.20) 0.06 5 3 - - 

Pre-eclampsia 93 98 1.24 (0.91, 1.69) 0.17 18 11 0.73 (0.32, 1.65) 0.45 

Emergency Caesarean sectiond 134/513 143/474 1.22 (0.93, 1.61) 0.16 29/82 19/56 0.94 (0.46, 1.92) 0.86 

Elective Caesarean sectione 162/541 119/450 0.84 (0.64, 1.11) 0.22 22/75 27/64 1.76 (0.87, 3.55) 0.12 

Stillbirth 6 5 0.95 (0.29, 3.12) 0.93 2 1 - - 

Preterm birth (<37 wk.) 94 94 1.16 (0.85, 1.59) 0.34 14 14 1.30 (0.58, 2.92) 0.52 

Very preterm birth (<32 wks.)f 28/609 31/530 1.29 (0.76, 2.18) 0.16 8/98 5/74 0.82 (0.26, 2.60) 0.73 

Fetal growth restriction 27 25 1.05 (0.61, 1.84) 0.88 5 7 1.82 (0.56, 5.97) 0.32 

Child’s sex, female (exposed vs 

unexposed)* 
N=568 N=599   n=66 n=95   
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Severe hypertension (2nd trimester) 26 34 1.25 (0.74, 2.12) 0.40 1 3 - - 

Severe hypertension (3rd trimester) 15 27 1.74 (0.92, 3.31) 0.09 0 2 - - 

Pre-eclampsia 46 101 2.30 (1.59, 3.33) 0.00 9 14 1.09 (0.44, 2.70) 0.84 

Emergency Caesarean sectiond 104/449 123/480 1.14 (0.85, 1.54) 0.38 12/57 23/72 1.76 (0.79, 3.94) 0.17 

Elective Caesarean sectione 119/464 119/476 0.97 (0.72, 1.30) 0.82 9/54 23/72 2.35 (0.98, 5.60) 0.06 

Stillbirth 1 3 - - 1 0 - - 

Preterm birth (<37 wk.) 44 95 2.24 (1.15, 3.28) 0.00 6 21 2.84 (1.08, 7.48) 0.04 

Very preterm birth (<32 wks.)f 17/541 35/539 2.14 (1.18, 3.87) 0.01 5/65 9/83 1.46 (0.46, 4.59) 0.52 

Fetal growth restriction 40 25 0.58 (0.35, 0.97) 0.04 8 5 0.40 (0.13, 1.29) 0.13 

Over five-year period/ 1998-2002 n=294 n=482   n=43 n=48   

Severe hypertension (2nd trimester) 15 41 - - 3 1 - - 

Severe hypertension (3rd trimester) 2 19 - - 0 1 - - 

Pre-eclampsia 17 60 2.32 (1.33, 4.06) 0.00 2 4 - - 

Emergency Caesarean sectiond 31/252 52/424 1.00 (0.62, 1.60) 0.99 4/38 3/42 - - 

Elective Caesarean sectione 42/263 57/429 0.81 (0.52, 1.24) 0.33 5/39 6/45 1.05 (0.29, 3.74) 0.95 

Stillbirth 0 7 - - 1 1 - - 

Preterm birth (<37 wk.) 21 44/282 2.10 (1.26, 3.52) 0.01 3 11 - - 

Very preterm birth (<32 wks.)f 7/280 26/440 2.45 (1.05, 5.72) 0.04 1/41 2/39 - - 

Fetal growth restriction 7 18 1.59 (0.66, 3.86) 0.30 0 2 - - 

2003-2007 (exposed vs unexposed) N=443 N=681   n=67 n=71   

Severe hypertension (2nd trimester) 18 46 1.73 (0.98, 3.01) 0.06 9 2 - - 

Severe hypertension (3rd trimester) 22 48 0.80 (0.43, 1.51) 0.50 6 0 - - 

Pre-eclampsia 75 117 1.02 (0.74, 1.40) 0.91 12 16 1.33 (0.58, 3.08) 0.50 

Emergency Caesarean sectiond 32/389 74/615 1.53 (0.99, 2.36) 0.06 7/61 11/57 1.84 (0.66, 5.15) 0.24 

Elective Caesarean sectione 54/411 66/607 0.81 (0.55, 1.18) 0.27 6/60 14/60 1.38 (0.42, 4.62) 0.60 

Stillbirth 5 7 0.91 (0.29, 2.88) 0.87 0 1 - - 

Preterm birth (<37 wk.) 35 107 2.17 (1.45, 3.25) 0.00 7 12 1.74 (0.64, 4.73) 0.28 

Very preterm birth (<32 wks.)f 11/419 29/603 1.87 (0.93, 3.79) 0.08 4/64 6/65 - - 
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Fetal growth restriction 28 25 0.56 (0.32, 0.98) 0.04 10 4 - - 

2008-2012 (exposed vs unexposed) n=552 n=508   n=78 n=93   

Severe hypertension (2nd trimester) 22 36 1.83 (1.06, 3.16) 0.03 1 4 - - 

Severe hypertension (3rd trimester) 17 23 1.48 (0.78, 2.82) 0.22 4 4 - - 

Pre-eclampsia 61 95 1.85 (1.31, 2.62) 0.00 14 16 0.95 (0.43, 2.09) 0.90 

Emergency Caesarean sectiond 111/475 96/422 0.97 (0.71, 1.32) 0.83 14/69 16/77 1.03 (0.46, 2.30) 0.94 

Elective Caesarean sectione 77/441 86/412 1.25 (0.89, 1.77) 0.21 9/64 16/77 1.60 (0.66, 3.92) 0.30 

Stillbirth 4 1 - - 0 1 - - 

Preterm birth (<37 wk.) 77 74 1.05 (0.75, 1.48) 0.77 11 15 1.17 (0.50, 2.73) 0.71 

Very preterm birth (<32 wks.)f 32/507 31/465 1.06 (0.64, 1.77) 0.82 9/76 9/87 0.86 (0.32, 2.29) 0.76 

Fetal growth restriction 27 19 0.76 (0.41, 1.38) 0.36 5 5 0.83 (0.23, 2.98) 0.77 

2013-2016 (exposed vs unexposed) n=663 n=282   n=101 n=77   

Severe hypertension (2nd trimester) 33 16 1.13 (0.62, 2.11) 0.68 2 0 - - 

Severe hypertension (3rd trimester) 15 7 1.09 (0.44, 2.71) 0.85 1 2 - - 

Pre-eclampsia 67 40 1.47 (0.97, 2.24) 0.07 8 7 1.16 (0.40, 3.36) 0.78 

Emergency Caesarean sectiond 74/549 51/244 1.70 (1.14, 2.52) 0.01 18/90 14/61 1.19 (0.54, 2.62) 0.66 

Elective Caesarean sectione 114/589 38/231 0.82 (0.55, 1.23) 0.34 11/83 16/63 2.23 (0.95, 5.22) 0.07 

Stillbirth 4 2 - - 2 2 - - 

Preterm birth (<37 wk.) 66 44 1.67 (1.11, 2.52) 0.01 8 12 2.15 (0.83, 5.54) 0.12 

Very preterm birth (<32 wks.)f 24/621 14/252 1.46 (0.74, 2.88) 0.27 5/98 0 - - 

Fetal growth restriction 44 9 0.46 (0.22, 0.96) 0.04 7 7 1.34 (0.85, 4.00) 0.60 

CCB, calcium channel blockers; a Methyldopa vs β-blockers using matched sample (N=3,904); the reference group refers to women who were on β-blockers; b calcium channel blockers vs β-blockers using 

matched sample (N=578); the reference group refers to women who were on β-blockers; c calcium channel blockers vs methyldopa using matched sample (N=578); the reference group refers to women who 

were on methyldopa; d in the analysis of emergency Caesarean section, elective Caesarean section were excluded; e in the analysis of elective Caesarean section, emergency Caesarean section were excluded; f in 

the analysis of very preterm birth, deliveries between 33-<37 were excluded. *Data on child’s sex was available from hospital records only 



 

383 

 

Table S6.7 Continue from previous page; Associations between antihypertensive agents and adverse perinatal outcomes 

in women with chronic hypertension based on subgroup analyses 

 

                                                 Treatment 

Outcome 

calcium channel blockers vs methyldopa (matched sample)c 

Cases in each group 

 Methyldopa           CCB 
OR (95% CI) 

Interaction 

p-value 

Nulliparity women (exposed vs unexposed) n=38 n=53   

Severe hypertension (2nd trimester) 0 2 - - 

Severe hypertension (3rd trimester) 1 5 - - 

Pre-eclampsia 8 12 1.10 (0.40, 3.02) 0.86 

Emergency Caesarean sectiond 15/34 21/40 1.40 (0.56, 3.51) 0.47 

Elective Caesarean sectione 4/23 13/32 - - 

Stillbirth 0 0 - - 

Preterm birth (<37 wk.) 5 11 1.73 (0.55, 5.47) 0.35 

Very preterm birth (<32 wks.)f 2/35 5/47 - - 

Fetal growth restriction 3 5 - - 

Child’s sex, male (exposed vs unexposed)* n=83 n=83   

Severe hypertension (2nd trimester) 4 2 - - 

Severe hypertension (3rd trimester) 2 3 - - 

Pre-eclampsia 16 11 0.64 (0.28, 1.48) 0.30 

Emergency Caesarean sectiond 17/63 19/56 1.39 (0.63, 3.04) 0.41 

Elective Caesarean sectione 20/66 27/64 1.68 (0.82, 3.46) 0.16 

Stillbirth 1 1 - - 

Preterm birth (<37 wk.) 13 14 1.09 (0.48, 2.49) 0.83 

Very preterm birth (<32 wks.)f 4/74 5/74 1.27 (0.33, 4.92) 0.73 

Fetal growth restriction 2 7 - - 

Child’s sex, female (exposed vs unexposed)* n=79 n=95   

Severe hypertension (2nd trimester) 1 3 - - 

Severe hypertension (3rd trimester) 2 2 - - 

Pre-eclampsia 13 14 0.88 (0.36, 2.00) 0.76 

Emergency Caesarean sectiond 24/61 23/72 0.72 (0.35, 1.48) 0.37 

Elective Caesarean sectione 18/55 23/72 0.96 (0.46, 2.04) 0.93 

Stillbirth 0 0 - - 

Preterm birth (<37 wk.) 17 21 1.03 (0.50, 2.13) 0.93 

Very preterm birth (<32 wks.)f 6/86 9/83 1.27 (0.43, 3.73) 0.68 

Fetal growth restriction 7 5 0.57 (0.17, 1.88) 0.37 

Over five-year period/ 1998-2002 n=68 n=48   

Severe hypertension (2nd trimester) 7 1 - - 

Severe hypertension (3rd trimester) 3 1 - - 

Pre-eclampsia 5 4 - - 

Emergency Caesarean sectiond 7/54 3/42 - - 

Elective Caesarean sectione 14/61 6/45 0.52 (0.18, 1.47) 0.216 

Stillbirth 3 1 - - 
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Preterm birth (<37 wk.) 11 11 1.54 (0.61, 3.91) 0.36 

Very preterm birth (<32 wks.)f 2/59 2/39 - - 

Fetal growth restriction 4 2 - - 

2003-2007 (exposed vs unexposed) n=97 n=71   

Severe hypertension (2nd trimester) 3 1 - - 

Severe hypertension (3rd trimester) 5 0 - - 

Pre-eclampsia 17 16 1.37 (0.64, 2.94) 0.42 

Emergency Caesarean sectiond 9/87 11/57 2.07 (0.80, 5.38) 0.13 

Elective Caesarean sectione 10/88 14/60 2.37 (0.98, 5.78) 0.06 

Stillbirth 2 1 - - 

Preterm birth (<37 wk.) 19 12 0.83 (0.38, 1.85) 0.66 

Very preterm birth (<32 wks.)f 7/85 6/65 1.13 (0.36, 3.55) 0.83 

Fetal growth restriction 3 4 - - 

2008-2012 (exposed vs unexposed) n=77 n=93   

Severe hypertension (2nd trimester) 3 4 - - 

Severe hypertension (3rd trimester) 1 4 - - 

Pre-eclampsia 16 16 0.79 (0.37, 1.71) 0.55 

Emergency Caesarean sectiond 12/67 16/77 1.20 (0.52, 2.76) 0.67 

Elective Caesarean sectione 10/65 16/77 1.44 (0.60, 3.44) 0.41 

Stillbirth 0 1 - - 

Preterm birth (<37 wk.) 13 15 0.95 (0.42, 2.13) 0.90 

Very preterm birth (<32 wks.)f 8/72 9/87 0.92 (0.34, 2.53) 0.88 

Fetal growth restriction 4 5 - - 

2013-2016 (exposed vs unexposed) n=47 n=77   

Severe hypertension (2nd trimester) 2 0 - - 

Severe hypertension (3rd trimester) 1 2 - - 

Pre-eclampsia 6 7 0.68 (0.21, 2.17) 0.52 

Emergency Caesarean sectiond 13/40 14/61 0.62 (0.25, 1.51) 0.29 

Elective Caesarean sectione 7/34 16/63 1.31 (0.48, 3.59) 0.60 

Stillbirth 0 2 - - 

Preterm birth (<37 wk.) 8 12 0.90 (0.34, 2.39) 0.83 

Very preterm birth (<32 wks.)f 0 0 - - 

Fetal growth restriction 1 7 - - 

CCB, calcium channel blockers;a Methyldopa vs β-blockers using matched sample (N=3,904); the reference group refers to women 

who were on β-blockers; b calcium channel blockers vs β-blockers using matched sample (N=578); the reference group refers to 

women who were on β-blockers; c calcium channel blockers vs methyldopa using matched sample (N=578); the reference group refers 

to women who were on methyldopa; d in the analysis of emergency Caesarean section, elective Caesarean section were excluded; e in 

the analysis of elective Caesarean section, emergency Caesarean section were excluded; f in the analysis of very preterm birth, 

deliveries between 33-<37 were excluded; *Data on child’s sex was available from hospital records only 
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Figure S6.3 Predictive margins with 95% CIs of the probability of adverse perinatal outcomes by type of antihypertensive agent across sBP levels. 

These analyses were restricted to patients with available BP readings from the propensity score matching sample (N=3,222). This model included an 

interaction term between antihypertensive agent and sBP levels. The large overlap in confidence intervals suggests that the probabilities of adverse 

outcomes is not different between both groups. 
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Figure S6.4 Predictive margins with 95% CIs of the probability of adverse perinatal outcomes by type of antihypertensive agent across dBP levels. These 

analyses were restricted to patients with available BP readings from the propensity score matching sample (3,222). This model included an interaction term 

between antihypertensive agent and dBP levels. The large overlap in confidence intervals suggests that the probabilities of adverse outcomes is not different 

between both groups. 

  



 

387 

 

  

Table S6.8 Antihypertensive treatment during pregnancy and adverse perinatal outcomes in women with chronic hypertension (multiple agents vs single agent) 

                                    Treatment 

Outcome 

Monotherapy 

(N=5,239) 

Polytherapy 

(N=1,527) 
   Treated (polytherapy vs monotherapy)a  

Excluding severe 

hypertensionb 

(N=5,772)  

n (%) n (%) Crude OR (95% CI) Adjusted OR (95% CI)* Adjusted OR (95% CI)* 

Severe hypertension 674 (13) 320 (21) 1.80 (1.55, 2.08) 1.53 (1.31, 1.78) - 

Pre-eclampsia 645 (12) 215 (14) 1.17 (0.99, 1.38) 1.03 (0.87, 1.23) 0.97 (0.79, 1.19) 

Emergency Caesarean sectionc 667/4,555 (15) 220/1,278 (17) 1.21 (1.03, 1.43) 1.15 (0.96, 1.38) 1.13 (0.92, 1.39) 

Elective Caesarean sectiond 684/4,572 (15) 249 (19) 1.34 (1.14, 1.57) 1.21 (1.02, 1.44) 1.24 (1.03, 1.49) 

Stillbirth 49 (0.94) 17 (1.1) 1.19 (0.68, 2.08) 1.16 (0.65, 2.05) 1.32 (0.68, 2.54) 

Preterm birth (<37 wk.)  639 (12) 219 (14) 1.21 (1.02, 1.42) 1.13 (0.95, 1.34) 1.07 (0.87, 1.30) 

Very preterm birth (<32 wks.)e 223/4,823 (4.6) 94/1,402 (6.7) 1.48 (1.16, 1.90) 1.33 (1.03, 1.72) 1.34 (0.99, 1.81) 

Fetal growth restriction 258 (4.92) 116 (7.6) 1.59 (1.26, 1.99) 1.68 (1.33, 2.13) 1.66 (1.29, 2.15) 

a The reference group in these models refers women on monotherapy of antihypertensive treatment (N=6,766); b in this model we excluded women who had at least one event of severe 

hypertension ≥160/110; c in the analysis of emergency Caesarean section, elective Caesarean section were excluded; d in the analysis of elective Caesarean section, emergency Caesarean 

section were excluded; e in the analysis of very preterm birth, deliveries between 33-<37 were excluded; 
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Table S6.9 Relationship between blood pressure levels and adverse perinatal outcomes including pregnancy records with available blood pressure readings  

                                        SBP  

Outcome 
<115 mm Hg 115–129 mm Hg 130–139 mm Hg 140–159 mm Hg 160–179 mm Hg ≥180 mm Hg 

Pre-eclampsiaa         

Population (N=439,186) 251,115 150,313 29,101 8,180 423 54 

Cases, (%) 3,720 (1.5) 4,717 (3.1) 1,639 (5.6) 808 (9.9) 52 (13) 10 (19) 

Crude OR (95% CI) 0.46 (0.44, 0.48) Reference 1.84 (1.74, 1.95) 3.38 (3.13, 3.66) 4.33 (3.23, 5.79) 7.02 (3.53, 13.9) 

Adjusted OR (95% CI)* 0.45 (0.49, 0.53) Reference 1.73 (1.63, 1.84) 3.11 (2.87, 3.36) 3.83 (2.85, 5.14) 6.80 (3.38, 13.7) 

Emergency CSb,**)       

Population (N=444,391 353,384 158,294 25,757 6,585 326 46 

Cases, (%) 21,024 (8.3) 15,461 (9.8) 2,857 (11)  783 (12) 43 (13) 7 (15) 

Crude OR (95% CI) 0.84 (0.82, 0.85) Reference 1.15 (1.10, 1.20) 1.25 (1.15, 1.35) 1.40 (1.02, 1.94) - 

Adjusted OR (95% CI)* 0.93 (0.91, 0.95) Reference 1.09 (1.04, 1.14) 1.13 (1.05, 1.23) 1.27 (0.91, 1.78) - 

Elective CSc,**         

Population (N=435,676) 248,992 154,742 25,107 6,470 319 46 

Cases, (%) 16,632 (6.7) 11,910 (7.7) 2,207 (8.8) 668 (10) 36 (11) 7 (15) 

Crude OR (95% CI) 0.86 (0.84, 0.88) Reference 1.16 (1.10, 1.21) 1.38 (1.27, 1.52) 1.53 (1.08, 2.16) - 

Adjusted OR (95% CI)* 0.98 (0.96, 1.01) Reference 1.02 (0.97, 1.07) 1.10 (1.01, 1.19) 1.00 (0.70, 1.44) - 

Preterm birth (<37 wk.)d,**          

Population (N=475,851) 270,016 170,203 27,964 7,253 362 53 

Cases, (%) 11,092 (4.1) 7,246 (4.3) 1,474 (5.3) 551 (7.6) 45 (12) 6 (11) 

Crude OR (95% CI) 0.96 (0.93, 0.99) Reference 1.25 (1.18, 1.33) 1.85 (1.69, 2.02) 3.19 (2.33, 4.37) - 

Adjusted OR (95% CI)* 0.95 (0.92, 0.98) Reference 1.23 (1.17, 1.31) 1.80 (1.64, 1.97) 3.02 (2.20, 4.15) - 

Very preterm birth (<32 wk.)e,**         

Population (N=460,728) 261,728 164,755 26,952 6,903 339 51 
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Cases, (%) 2,804 (1.1) 1,798 (1.1) 462 (1.7) 201 (2.9) 22 (6.5) 4 (7.8) 

Crude OR (95% CI) 0.98 (0.92, 1.04) Reference 1.59 (1.43, 1.75) 2.72 (2.34, 3.15) 6.29 (4.07, 9.71) - 

Adjusted OR (95% CI)* 0.95 (0.89, 1.01) Reference 1.56 (1.41, 1.74) 2.63 (2.26, 3.05) 5.72 (3.69, 8.87) - 

Stillbirth**       

Population (N=475,851) 270,016 170,203 27,964 7,253 362 53 

Cases, (%) 1,389 (0.51) 957 (0.56) 195 (0.70) 70 (0.97) 6 (1.7) 1 (1.9) 

Crude OR (95% CI) 0.91 (0.84, 0.99) Reference 1.24 (1.06, 1.45) 1.72 (1.35, 2.20) - - 

Adjusted OR (95% CI)* 0.93 (0.86, 1.01) Reference 1.18 (1.01, 1.38) 1.58 (1.23, 2.01) - - 

Fetal growth restriction**       

Population (N=475,851) 270,016 170,203 27,964 7,253 362 53 

Cases, (%) 6,386 (2.4) 3,276 (1.9) 620 (2.2) 199 (2.7) 15 (4.1) 2 (3.8.9) 

Crude OR (95% CI) 1.23 (1.18, 1.29) Reference 1.16 (1.06, 1.26) 1.44 (1.24, 1.66) 2.20 (1.31, 3.70) - 

Adjusted OR (95% CI)* 1.07 (1.02, 1.12) Reference 1.24 (1.14, 1.35) 1.62 (1.40, 1.87) 2.74 (1.62, 4.61) - 

                                        DBP 

Outcome 
<75 mm Hg 75–84 mm Hg 85–89 mm Hg 90–94 mm Hg 95–99 mm Hg ≥100 mm Hg 

Pre-eclampsiaa         

Population (N=439,186) 346,673 79,615 8,612 3,079 777 430 

Cases, (%) 6,052 (1.8) 
3,602 (4.5) 

 

717 (8.3) 

 

368 (12) 

 

115 (15) 

 
92 (21) 

Crude OR (95% CI) 0.37 (0.35, 0.39) Reference 1.92 (1.75, 2.08) 2.86 (2.56, 3.21) 3.67 (3.00, 4.48) 5.74 (4.55, 7.25) 

Adjusted OR (95% CI)* 0.42 (0.40, 0.44) Reference 1.84 (1.69, 2.00) 2.73 (2.43, 3.06) 3.45 (2.82, 4.23) 5.59 (4.41, 7.08) 

Emergency CSb,**       

Population (N=444,391) 355,701 77,582 7,451 2,626 667 364 

Cases, (%) 30,609 (8.6) 8,158 (11) 915 (12) 339 (13) 96 (14) 58 (16) 

Crude OR (95% CI) 0.80 (0.78, 0.82) Reference 1.19 (1.11, 1.28) 1.26 (1.12, 1.42) 1.43 (1.15, 1.78) 1.61 (1.22, 2.14) 

Adjusted OR (95% CI)* 0.92 (0.90, 0.95) Reference 1.12 (1.03, 1.20) 1.18 (1.04, 1.33) 1.23 (0.98, 1.53) 1.56 (1.16, 2.10) 

Elective CSc,**         

Population (N=435,676) 349,092 75,730 7,293 2,565 646 350 

Cases, (%) 24,000 (6.9) 6,306 (8.3) 757 (10) 278 (11) 75 (12) 44 (13) 



 

390 

 

  

Crude OR (95% CI) 0.81 (0.79, 0.84) Reference 1.28 (1.18, 1.38) 1.33 (1.18, 1.52) 1.45 (1.14, 1.84) 1.58 (1.15, 2.17) 

Adjusted OR (95% CI)* 0.99 (0.96, 1.02) Reference 1.12 (1.03, 1.21) 1.10 (0.97, 1.25) 1.09 (0.85, 1.39) 1.20 (0.87, 1.67) 

Preterm birth (<37 wk.)d,**          

Population (N=475,851) 379,701 83,888 8,208 2,904 742 408 

Cases, (%) 15,544 (4.1) 3,894 (4.6) 548 (6.7) 277 (9.5) 95 (13) 56 (14) 

Crude OR (95% CI) 0.88 (0.85, 0.91) Reference 1.47 (1.34, 1.61) 2.17 (1.91, 2.46) 3.02 (2.43, 3.75) 3.27 (2.46, 4.34) 

Adjusted OR (95% CI)* 0.87 (0.83, 0.90) Reference 1.46 (1.33, 1.60) 2.17 (1.91, 2.47) 2.95 (2.37, 3.68) 3.02 (2.26, 4.03) 

Very preterm birth (<32 wk.)e,**         

Population (N=460,728) 368,039 81,061 7,830 2,729 691 378 

Cases, (%) 3,882 (1.1) 1,067 (1.32) 170 (2.2) 102 (3.7) 44 (6.4) 26 (6.9) 

Crude OR (95% CI) 0.80 (0.75, 0.86) Reference 1.66 (1.41, 1.96) 2.91 (2.37, 3.58) 5.10 (3.73, 6.96) 5.54 (3.71, 8.28) 

Adjusted OR (95% CI)* 0.78 (0.72, 0.83) Reference 1.66 (1.41, 1.95) 2.92 (2.37, 3.59) 4.87 (3.55, 6.67) 4.92 (3.27, 7.39) 

Stillbirth**       

Population (N=475,851) 379,701 83,888 8,208 2,904 742 408 

Cases, (%) 1,982 (0.52) 535 (0.64) 58 (0.71) 30 (1) 9 (1.2) 4 (0.98) 

Crude OR (95% CI) 0.82 (0.74, 0.90) Reference 1.11 (0.84, 1.46) 1.63 (1.12, 2.35) - - 

Adjusted OR (95% CI)* 0.85 (0.77, 0.94) Reference 1.07 (0.82, 1.41) 1.52 (1.05, 2.20) -  

Fetal growth restriction**       

Population (N=475,851) 397,701  83,888  8,208 2,904  742  408 

Cases, (%) 8,397 (2.2) 1,713 (2) 225 (2.7) 96 (3.3) 43 (5.8) 24 (5.9) 

Crude OR (95% CI) 1.08 (1.03, 1.10) Reference 1.35 (1.17, 1.59) 1.64 (1.33, 2.12) 2.95 (2.16, 4.17) 3.00 (1.98, 4.21) 

Adjusted OR (95% CI)* 0.92 (0.87, 0.97) Reference 1.46 (1.27, 1.69) 1.86 (1.51, 2.30) 3.42 (2.49, 4.68) 3.25 (2.13, 4.49) 

CS, Caesarean section; DBP, diastolic blood pressure; SBP, systolic blood pressure. a Data on blood pressure readings in pre-eclampsia analyses were restricted to readings from 1st and 2nd trimesters; b In the 

analysis of emergency Caesarean section, elective Caesarean section were excluded; c In the analysis of elective Caesarean section, emergency Caesarean section were excluded; d In the analysis of very preterm 

birth, deliveries between 33-<37 were excluded.*Adjusted for maternal age, deprivation index, smoking, body mass index, ethnicity, parity, and pre-pregnancy diabetes and chronic kidney disease. **This model 

was restricted to records with available data on blood pressure readings, records with other hypertensive disorders of pregnancy or unspecified hypertension were excluded.  
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Table S6.10 Relationship between blood pressure levels and adverse perinatal outcomes including pregnancy records with untreated chronic hypertension  

                                         SBP 

Outcome 
<115 mm Hg 115–129 mm Hg 130–139 mm Hg 140–159 mm Hg 160–179 mm Hg ≥180 mm Hg 

Pre-eclampsiaa         

Population (N=2,508) 482 1,024 599 365 43 4 

Cases, (%)  28 (5.8) 83 (8.1) 75 (13) 48 (13) 9 (21) 0  

Crude OR (95% CI) 0.70 (0.45, 1.09) Reference 1.62 (1.17, 2.26) 1.76 (1.21, 2.58) 3.00 (1.39, 6.48) - 

Adjusted OR (95% CI)* 0.73 (0.46, 1.15) Reference 1.62 (1.16, 2.27) 1.83 (1.24, 2.69) 3.22 (1.45, 7.13) - 

Emergency CSb,**       

Population (N=2,512) 432 1,075 616 346 39 4 

Cases, (%) 49 (11) 124 (12) 88 (14)  48 (14) 4 (10) 1 (25) 

Crude OR (95% CI) 0.98 (0.69, 1.39) Reference 1.28 (0.95, 1.71) 1.24 (0.86, 1.77) - - 

Adjusted OR (95% CI)* 1.20 (0.83, 1.75) Reference 1.28 (0.94, 1.74) 1.22 (0.84, 1.78) - - 

Elective CSc,**         

Population (N=2,488) 429 1,075 603 337 40 4 

Cases, (%) 46 (11) 124 (12) 75 (12) 39 (12) 5 (13) 1 (25) 

Crude OR (95% CI) 0.92 (0.64, 1.32) Reference 1.09 (0.80, 1.48) 1.00 (0.68, 1.47) - - 

Adjusted OR (95% CI)* 1.13 (0.78, 1.64) Reference 1.90 (0.74, 1.39) 0.93 (0.63, 1.38) - - 

Preterm birth (<37 wk.)d,**          

Population (N=2,802) 478 1,199 691 385 44 5 

Cases, (%) 24 (5) 86 (7) 64 (9.3) 35 (9.1) 6 (14) 1 (20) 

Crude OR (95% CI) 0.68 (0.43, 1.09) Reference 1.32 (0.94, 1.85) 1.29 (0.86, 1.95) 2.04 (0.84, 4.97) - 

Adjusted OR (95% CI)* 0.66 (0.40, 1.07) Reference 1.46 (1.03, 2.09) 1.46 (0.95, 2.24) 2.58 (1.01, 6.62) - 

Very preterm birth (<32 wk.)e,**        

Population (N=2,641) 458 1,132 649 357 40 5 
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Cases, (%) 4 (0.87) 19 (1.7) 22 (3.4) 7 (2) 2 (5) 1 (20) 

Crude OR (95% CI) 0.52 (0.17, 1.53) Reference 2.06 (1.10, 3.83) 1.17 (0.49, 2.81) - - 

Adjusted OR (95% CI)* 0.47 (0.15, 1.42) Reference 2.59 (1.35, 4.97) 1.42 (0.57, 3.52) - - 

Stillbirth**       

Population (N=2,802) 478 1,199 691 385 44 5 

Cases, (%) 1 (0.421) 9 (0.75) 2 (0.29) 4 (1) 0 0 

Crude OR (95% CI) - - - - - - 

Adjusted OR (95% CI)* - - - - - - 

Fetal growth restriction**       

Population (N=2,802) 478 1,199 691 385 44 5 

Cases, (%) 22 (4.6) 27 (2.3) 20 (2.9) 14 (3.6) 1 (2.3) 1 (20) 

Crude OR (95% CI) 2.09 (1.18, 3.72) Reference 1.29 (0.72, 2.32) 1.63 (0.85, 3.15) - - 

Adjusted OR (95% CI)* 2.12 (1.17, 3.87) Reference 1.40 (0.77, 2.55) 1.91 (0.98, 3.75) - - 

                                           DBP 

Outcome 
<75 mm Hg 75–84 mm Hg 85–89 mm Hg 90–94 mm Hg 95–99 mm Hg ≥100 mm Hg 

Pre-eclampsiaa         

Population (N=2,508) 899 1,065 297 161 48 38 

Cases, (%)  54 (6) 102 (9.6) 43 (16) 26 (16) 10 (21) 8 (21) 

Crude OR (95% CI) 0.60 (0.43, 0.85) Reference 1.60 (1.09, 2.34) 1.82 (1.14, 2.90) 2.48 (1.20, 5.13) 2.52 (1.12, 5.64) 

Adjusted OR (95% CI)* 0.61 (0.43, 0.87) Reference 1.47 (0.99, 2.18) 1.87 (1.16, 3.03) 2.62 (1.23, 5.54) 2.76 (1.21, 6.32) 

Emergency CSb,**       

Population (N=2,512) 890 1,074 295 167 51 35 

Cases, (%) 84 (9) 149 (14) 46 (16)  21 (13) 11 (21) 3 (9) 

Crude OR (95% CI) 0.65 (0.49, 0.86) Reference 1.15 (0.80, 1.64) 0.89 (0.55, 1.46) 1.71 (0.86, 3.41) - 

Adjusted OR (95% CI)* 0.70 (0.52, 0.95) Reference 0.97 (0.67, 1.42) 0.85 (0.51, 1.43) 1.40 (0.67, 2.90) - 

Elective CSc,**         

Population (N=2,488) 909 1,049 282 165 45 38 

Cases, (%) 103 (11) 124 (12) 33 (12) 19 (12) 5 (11) 6 (16) 
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Crude OR (95% CI) 0.95 (0.72, 1.25) Reference 0.99 (0.66, 1.49) 0.97 (0.58, 1.62) - - 

Adjusted OR (95% CI)* 1.08 (0.81, 1.44) Reference 0.90 (0.59, 1.37) 0.93 (0.55, 1.58) - - 

Preterm birth (<37 wk.)d,**          

Population (N=2,802) 993 1,198 328 186 56 41 

Cases, (%) 49 (4.9) 96 (8) 33 (10) 22 (12) 9 (14) 8 (14) 

Crude OR (95% CI) 0.60 (0.42, 0.85) Reference 1.28 (0.85, 1.95) 1.53 (0.94, 2.52) - - 

Adjusted OR (95% CI)* 0.52 (0.36, 0.76) Reference 1.23 (0.80, 1.90) 1.68 (1.01, 2.79) - - 

Very preterm birth (<32 wk.)e,**         

Population (N=2,641) 951 1,125 304 174 50 37 

Cases, (%) 7 (0.7) 23 (2) 9 (3) 10 (5.8) 2 (4) 4 (11) 

Crude OR (95% CI) 0.36 (0.15, 0.83) Reference 1.46 (0.67, 3.19) 2.92 (1.37, 6.24) - - 

Adjusted OR (95% CI)* 0.30 (0.13, 0.73) Reference 1.46 (0.65, 3.30) 3.54 (1.58, 7.93) - - 

Stillbirth**       

Population (N=2,802) 993 1,198 328 186 56 41 

Cases, (%) 3 (0.3) 9 (0.75) 2 (0.61) 1 (0.54) 1 (1.8) 0  

Crude OR (95% CI) - - - - - - 

Adjusted OR (95% CI)* - - - - - - 

Fetal growth restriction**       

Population (N=2,802) 993 1,198 328 186 56 41 

Cases, (%) 25 (2.5) 32 (2.7) 14 (4.3) 8 (4.3) 2 (3.6) 4 (9.8) 

Crude OR (95% CI) 0.94 (0.55, 1.60) Reference 1.62 (0.86, 3.08) - - - 

Adjusted OR (95% CI)* 0.86 (0.48, 1.50) Reference 1.52 (0.79, 2.92) - - - 

CS, Caesarean section; DBP, diastolic blood pressure; SBP, systolic blood pressure. a Data on blood pressure readings in pre-eclampsia analyses were restricted to readings from 1st and 2nd trimesters; b in the 

analysis of emergency Caesarean section, elective Caesarean section were excluded; c in the analysis of elective Caesarean section, emergency Caesarean section were excluded; d in the analysis of very preterm 

birth, deliveries between 33-<37 were excluded.*Adjusted for maternal age, deprivation index, smoking, body mass index, ethnicity, parity, and pre-pregnancy diabetes and chronic kidney disease. **This model 

was restricted to records with available data on blood pressure readings, records with other hypertensive disorders of pregnancy or unspecified hypertension were excluded. 
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Table S6.11 Relationship between blood pressure levels and adverse perinatal outcomes including pregnancy records with chronic hypertension and exposed to antihypertensives 

                                      SBP 

Outcome 
<115 mm Hg 115–129 mm Hg 130–139 mm Hg 140–159 mm Hg 160–179 mm Hg ≥180 mm Hg 

Pre-eclampsiaa         

Population (N=5,375) 1,029 1,835 1,403 971 122 15 

Cases, (%)  38 (3.7) 207 (11) 244 (17) 228 (23) 25 (21) 3 (20) 

Crude OR (95% CI) 0.30 (0.21, 0.43) Reference 1.66 (1.36, 2.02) 2.41 (1.96, 2.97) 2.03 (1.28, 3.22) - 

Adjusted OR (95% CI)* 0.31 (0.22, 0.45) Reference 1.66 (1.36, 2.03) 2.40 (1.94, 2.96) 2.02 (1.26, 3.24) - 

Emergency CSb,**       

Population (N=4,892) 940 1,702 1,304 845 88 13 

Cases, (%) 91 (9.7) 279 (16) 229 (18)  172 (20) 19 (22) 2 (15) 

Crude OR (95% CI) 0.55 (0.43, 0.70) Reference 1.09 (0.90, 1.32) 1.30 (1.06, 1.61) 1.40 (0.83, 2.37) - 

Adjusted OR (95% CI)* 0.63 (0.48, 0.82) Reference 1.07 (0.87, 1.31) 1.36 (1.08, 1.71) 1.37 (0.78, 2.41) - 

Elective CSc,**         

Population (N=4,910) 976 1,709 1,303 824 86 12 

Cases, (%) 127 (13) 286 (17) 228 (18) 151 (18) 17 (20) 1 (8.3) 

Crude OR (95% CI) 0.74 (0.59, 0.93) Reference 1.06 (0.87, 1.28) 1.12 (0.90, 1.38) 1.23 (0.71, 2.12) - 

Adjusted OR (95% CI)* 0.91 (0.72, 1.16) Reference 0.99 (0.81, 1.21) 1.07 (0.85, 1.34) 1.06 (0.60, 1.86) - 

Preterm birth (<37 wk.)d,**          

Population (N=5,702) 1,067 1,988 1,532 996 105 14 

Cases, (%) 127 (13) 286 (17) 228 (18) 151 (18) 17 (20) 1 (8.3) 

Crude OR (95% CI) 0.78 (0.61, 1.00) Reference 1.27 (1.04, 1.55) 1.65 (1.33, 2.04) 2.79 (1.77, 4.40) - 

Adjusted OR (95% CI)* 0.77 (0.59, 0.99) Reference 1.31 (1.07, 1.60) 1.69 (1.36, 2.11) 2.95 (1.85, 4.70) - 

Very preterm birth (<32 wk.)e,**        

Population (N=5,236) 1,002 1,838 1,392 898 92 14 
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Cases, (%) 33 (3.3) 79 (4.3) 78 (5.6) 78 (8.7) 15 (16) 2 (14) 

Crude OR (95% CI) 0.76 (0.50, 1.15) Reference 1.32 (0.96, 1.82) 2.12 (1.53, 2.93) 4.34 (2.39, 7.88) - 

Adjusted OR (95% CI)* 0.76 (0.49, 1.16) Reference 1.34 (0.97, 1.86) 2.12 (1.52, 2.95) 4.22 (2.28, 7.81) - 

Stillbirth**       

Population (N=5,702) 1,067 1,988 1,532 996 105 14 

Cases, (%) 5 (0.47) 16 (0.8) 15 (0.78) 18 (1.8) 3 (2.9) - 

Crude OR (95% CI) - Reference 1.22 (0.60, 2.47) 2.27 (1.15, 4.47) - - 

Adjusted OR (95% CI)* - Reference 1.20 (0.58, 2.44) 2.16 (1.08, 4.31) - - 

Fetal growth restriction**       

Population (N=5,702) 1,067 1,988 1,532 996 105 14 

Cases, (%) 51 (4.8) 111 (5.6) 86 (5.6) 67 (6.7) 7 (6.7) - 

Crude OR (95% CI) 0.85 (0.60, 1.19) Reference 1.01 (0.75, 1.34) 1.22 (0.89, 1.67) - - 

Adjusted OR (95% CI)* 0.70 (0.49, 1.00) Reference 1.14 (0.84, 1.53) 1.42 (1.03, 1.95) - - 

                                            DBP 

Outcome 
<75 mm Hg 75–84 mm Hg 85–89 mm Hg 90–94 mm Hg 95–99 mm Hg ≥100 mm Hg 

Pre-eclampsiaa         

Population (N=5,375) 1,682 1,933 823 533 233 151 

Cases, (%)  71 (4.2) 269 (14) 172 (21) 137 (25) 54 (23) 42 (28) 

Crude OR (95% CI) 0.27 (0.21, 0.36) Reference 1.63 (1.32, 2.02) 2.04 (1.62, 2.57) 1.87 (1.34, 2.60) 2.38 (1.63, 3.48) 

Adjusted OR (95% CI)* 0.27 (0.21, 0.36) Reference 1.62 (1.31, 2.01) 2.05 (1.62, 2.60) 1.88 (1.34, 2.64) 2.29 (1.55, 3.38) 

Emergency CSb,**       

Population (N=4,892) 1,556 1,768 770 488 192 118 

Cases, (%) 169 (11) 311 (18) 149 (19)  106 (22) 30 (16) 27 (23) 

Crude OR (95% CI) 0.57 (0.47, 0.70) Reference 1.12 (1.91, 1.40) 1.30 (1.01, 1.67) 0.87 (0.58, 1.31) 1.39 (0.89, 2.17) 

Adjusted OR (95% CI)* 0.62 (0.50, 0.77) Reference 1.13 (0.89, 1.42) 1.37 (1.05, 1.79) 0.84 (0.51, 1.31) 1.38 (0.85, 2.22) 

Elective CSc,**         

Population (N=4,910) 1,622 1,768 752 459 200 109 

Cases, (%) 235 (15) 311 (18) 131 (17) 77 (17) 38 (19) 18 (17) 

Crude OR (95% CI) 0.79 (0.66, 0.95) Reference 0.99 (0.79, 1.24) 0.94 (0.72, 1.24) 1.10 (0.75, 1.60) 0.93 (0.55, 1.56) 
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Adjusted OR (95% CI)* 0.96 (0.79, 1.17) Reference 0.98 (0.77, 1.23) 0.97 (0.73, 1.29) 1.10 (0.74, 1.60) 0.88 (0.52, 1.51) 

Preterm birth (<37 wk.)d,**          

Population (N=5,702) 1,791 2,079 901 565 230 136 

Cases, (%) 161 (9) 259 (12) 133 (15) 112 (20) 57 (25) 29 (21) 

Crude OR (95% CI) 0.69 (0.56, 0.85) Reference 1.22 (0.97, 1.52) 1.74 (1.36, 2.22) 2.32 (1.67, 3.21) 1.90 (1.24, 2.93) 

Adjusted OR (95% CI)* 0.67 (0.54, 0.83) Reference 1.27 (1.01, 1.59) 1.86 (1.45, 2.38) 2.51 (1.80, 3.50) 1.88 (1.21, 2.91) 

Very preterm birth (<32 wk.)e,**         

Population (N=5,236) 1,676 1,911 821 504 200 124 

Cases, (%) 46 (2.7) 91 (4.8) 53 (6.5) 51 (10) 27 (14) 17 (14) 

Crude OR (95% CI) 0.56 (0.39, 0.81) Reference 1.38 (0.97, 1.96) 2.25 (1.57, 3.22) 3.12 (1.98, 4.93) 3.18 (1.82, 5.53) 

Adjusted OR (95% CI)* 0.56 (0.38, 0.81) Reference 1.44 (1.01, 2.06) 2.35 (1.64, 3.39) 3.25 (2.04, 5.19) 3.19 (1.81, 5.61) 

Stillbirth**       

Population (N=5,702) 1,791 2,079 901 565 230 136 

Cases, (%) 11 (0.61) 20 (0.96) 10 (1.1) 8 (1.4) 6 (2.6) 2 (1.5) 

Crude OR (95% CI) 0.64 (0.30, 1.33) Reference 1.16 (0.54, 2.48) - - - 

Adjusted OR (95% CI)* 0.64 (0.30, 1.38) Reference 1.20 (0.56, 2.60) - - - 

Fetal growth restriction**       

Population (N=5,702) 1,791 2,079 901 565 230 136 

Cases, (%) 87 (4.9) 98 (4.7) 57 (6.3) 42 (7.4) 27 (12) 11 (8.1) 

Crude OR (95% CI) 1.03 (0.77, 1.39) Reference 1.37 (0.98, 1.91) 1.63 (1.12, 2.36) 2.69 (1.71, 4.22) 1.78 (0.93, 3.40) 

Adjusted OR (95% CI)* 0.83 (0.61, 1.13) Reference 1.49 (1.06, 2.10) 1.76 (1.21, 2.58) 2.97 (1.87, 4.72) 1.90 (0.98, 3.68) 

CS, Caesarean section; DBP, diastolic blood pressure; SBP, systolic blood pressure. a Data on blood pressure readings in pre-eclampsia analyses were restricted to readings from 1st and 2nd trimesters; b in the 

analysis of emergency Caesarean section, elective Caesarean section were excluded; c in the analysis of elective Caesarean section, emergency Caesarean section were excluded; d in the analysis of very preterm 

birth, deliveries between 33-<37 were excluded.*Adjusted for maternal age, deprivation index, smoking, body mass index, ethnicity, parity, and pre-pregnancy diabetes and chronic kidney disease. **This model 

was restricted to records with available data on blood pressure readings, records with other hypertensive disorders of pregnancy or unspecified hypertension were excluded. 
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Figure S6.5 Spline plots of the relationship between BP levels fetal growth restriction (FGR) 

1. Relationship between BP level and fetal growth restriction including all records with available BP readings, 

results from adjusted models (N=475,851) a 

  

1.1. First trimester (relationship between BP level and fetal growth restriction, (N= 264,080)) 

  

1.2. Second trimester (relationship between BP level and fetal growth restriction, N=302,122)) 
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1.3. Third trimester (relationship between BP level and fetal growth restriction, N=323,736) 

  

2. Relationship between BP level and fetal growth restriction restricted to pregnancies with chronic hypertension 

and on antihypertensive agent(s) during pregnancy, N=5,702) 

  

2.1. First trimester (relationship between BP level and fetal growth restriction in treated hypertensive group, 

N=3,270) 
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2.2. Second trimester (relationship between BP level and fetal growth restriction in treated hypertensive group, 

N=2,819) 

  

2.3. Third trimester (relationship between BP level and fetal growth restriction in treated hypertensive group, 

N=2,491) 

  

a Records with either unspecified hypertension, other hypertensive disorders during pregnancy or exposed to 

antihypertensive agent were excluded from these analyses. All models were generated using BP as spline variable (cubic 

spline with three knots) and adjusted for maternal age, deprivation index, smoking, body mass index, ethnicity, parity, and 

pre-pregnancy diabetes and chronic kidney disease. 
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Table S6.12 Baseline demographic characteristics in the cohort and matched sample 

            

                   Study group     

 

Covariates  

Treated vs untreated Methyldopa vs β-blockers 

Pre-Propensity Score Matching 

(raw data) 
Post-Propensity Score Matchinga  

Pre-Propensity Score Matching 

(raw data) 
Post-Propensity Score Matchinga 

Treated 

n=6,766 

Untreated 

n=7,792 

Treated 

n=6,766 

Untreated 

n=6,766 

Methyldopa 

n=1,952 

β-blockers 

n=2,702 

Methyldopa 

n=1,952 

β-blockers 

n=1,952 

Age (years), mean (SD) 33 (5.8) 33 (5.2) 33 (5.8) 33 (5.4) 33 (5.7) 32 (5.8) 33 (5.7) 33 (5.4) 

Ethnicity, n (%)         

White 5,479 (81) 6,439 (83) 5,479 (81) 5,641 (83) 1,554 (80) 2,379 (88) 1,554 (80) 1,596 (82) 

Black 574 (8.5) 622 (8) 574 (8.5) 550 (8.1) 174 (8.9) 114 (4.2) 174 (8.9) 130 (6.7) 

South Asian 323 (4.8) 241 (3.1) 323 (4.8) 229 (3.8) 96 (4.9) 99 (3.7) 96 (4.9) 97 (5) 

Other 215 (3.2) 207 (3.1) 215 (3.2) 183 (2.7) 70 (3.6) 64 (2.4) 70 (3.6) 70 (3.6) 

Unknown 175 (2.6) 283 (3.6) 175 (2.6) 163 (2.4) 58 (3) 46 (1.7) 58 (3) 59 (3.0) 

Smoking, n (%)         

Non-smoker 2,578 (38) 1,392 (18) 2,578 (38) 2,787 (41) 743 (38) 962 (36) 743 (38) 748 (38) 

Ex-smoker 949 (14) 495 (6.4) 949 (14) 832 (12) 262 (13) 400 (15) 262 (13) 220 (11) 

Current smoker 1,112 (16) 552 (7.1) 1,112 (16) 983 (15) 282 (14) 529 (20) 282 (14) 319 (16) 

missing 2,127 (31) 5,353 (68) 2,127 (31) 2,164 (32) 665 (34) 811 (30) 665 (34) 665 (34) 

Body mass indexc         

Underweight  77 (1.1) 37 (0.5) 77 (1.1) 59 (0.9) 18 (0.9) 35 (1.3) 18 (0.9) 12 (0.6) 

Normal 1,445 (21) 1,032 (13) 1,445 (21) 1,482 (22) 378 (19) 679 (25) 378 (19) 515 (26) 

Overweight 1,374 (20) 936 (12) 1,374 (20) 1,469 (22) 400 (20) 562 (21) 400 (20) 391 (20) 

Obese 2,035 (30) 1,451 (19) 2,035 (30) 2,020 (30) 614 (31) 690 (26) 614 (31) 550 (28) 

Severe obesity 407 (6) 263 (3.4) 407 (6) 345 (5.1) 123 (6.3) 127 (4.7) 123 (6.3) 89 (4.6) 

Missing 1,428 (21) 4,073 (52) 1,428 (21) 1,391 (21) 419 (21) 609 (22) 419 (21) 395 (20) 

Diabetes, n (%) 381 (5.6) 332 (4.3) 381 (5.6) 312 (4.6) 175 (9) 62 (2.3) 175 (9) 171 (8.8) 

Parity, n (%)         

Nulliparous 1,240 (18) 1,303 (17) 1,240 (18) 1,281 (19) 354 (18) 559 (21) 354 (18) 333 (17) 

Multiparous 4,477 (66) 4,590 (59) 4,477 (66) 4,462 (66) 1,282 (66) 1,726 (64) 1,282 (66) 1,295 (66) 

Unknown 1,049 (16) 1,899 (24) 1,049 (16) 1,023 (15) 316 (16) 417 (15) 316 (16) 324 (17) 
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Table S6.12 Continue from previous page: Baseline demographic characteristics in the cohort and matched sample 

                     Study group 

Covariates 

Calcium channel blockers vs. β-blockers Calcium channel blockers vs. methyldopa 

Pre-Propensity Score Matching 

(raw data) 
Post-Propensity Score Matchinga 

Pre-Propensity Score Matching 

(raw data) 
Post-Propensity Score Matchingb 

CCB 

n=289 

β-blockers 

n=2,702 

CCB 

n=289 

 β-blockers 

n=289 

CCB 

n=289 

Methyldopa 

n=1,952 

CCB 

n=289 

Methyldopa 

n=289 

Age (years), mean (SD) 33 (5.9) 32 (5.8) 33 (5.9) 33 (5.9) 33 (5.9) 33 (5.7) 33 (5.9) 34 (5.9) 

Ethnicity, n (%)         

White 213 (74) 2,379 (88) 213 (74) 228 (79) 213 (74) 1,554 (80) 213 (74) 244 (84) 

Black 40 (14) 114 (4.2) 40 (14) 20 (7) 40 (14) 174 (8.9) 40 (14) 15 (5.2) 

South Asian 20 (6.9) 99 (3.7) 20 (6.9) 22 (7.6) 20 (6.9) 96 (4.9) 20 (6.9) 18 (6.2) 

Other 7 (2.4) 64 (2.4) 7 (2.4) 11 (3.8) 7 (2.4) 70 (3.6) 7 (2.4) 10 (3.5) 

Unknown 9 (3.1) 46 (1.7) 9 (3.1) 8 (2.8) 9 (3.1) 58 (3) 9 (3.1) 2 (0.7) 

Smoking, n (%)         

Non-smoker 99 (34) 962 (36) 99 (34) 116 (40) 99 (34) 743 (38) 99 (34) 99 (34) 

Ex-smoker 50 (17) 400 (15) 50 (17) 42 (15) 50 (17) 262 (13) 50 (17) 39 (13) 

Current smoker 39 (13) 529 (20) 39 (13) 41 (14) 39 (13) 282 (14) 39 (13) 52 (18) 

missing 101 (35) 811 (30) 101 (35) 90 (31) 101 (35) 665 (34) 101 (35) 99 (34) 

Body mass indexc         

Underweight  7 (2.4) 35 (1.3) 7 (2.4) 1 (0.4) 7 (2.4) 18 (0.9) 7 (2.4) 2 (0.7) 

Normal 69 (24) 679 (25) 69 (24) 67 (23) 69 (24) 378 (19) 69 (24) 70 (24) 

Overweight 63 (21.8) 562 (21) 63 (21.8) 66 (23) 63 (22) 400 (20) 63 (22) 67 (23) 

Obese 78 (27) 690 (26) 78 (27) 99 (34) 78 (27) 614 (31) 78 (27) 93 (32) 

Severe obesity 18 (6.2) 127 (4.7) 18 (6.2) 6 (2.1) 18 (6.2) 123 (6.3) 18 (6.2) 17 (5.8) 

Missing 54 (19) 609 (22) 54 (19) 50 (17) 54 (19) 419 (21) 54 (19) 40 (14) 

Diabetes, n (%) 34 (12) 62 (2.3) 34 (12) 39 (13) 34 (12) 175 (9) 34 (12) 39 (13) 

Parity, n (%)         

Nulliparous 53 (18) 559 (21) 53 (18) 46 (16) 53 (18) 354 (18) 53 (18) 38 (13) 

Multiparous 192 (66) 1,726 (64) 192 (66) 194 (67) 192 (66) 1,282 (66) 192 (66) 210 (72) 

Unknown 44 (15) 417 (15) 44 (15) 49 (17) 44 (15) 316 (16) 44 (15) 41 (14) 

CCB, Calcium channel blockers. a Propensity score matching was performed using nearest-neighbor with caliper (0.1) the covariates in these models are categorical (ethnicity, 

smoking, body mass index, diabetes parity and practice IMD 2015) except for maternal age which is continuous.  b This model similar to that mentioned above model but the 

caliber was set at (0.2). c Underweight (BMI<18.5 kg/m2); Normal (BMI≥18.5 to<25 kg/m2); Overweight (BMI ≥25 to <30 kg/m2); Obese (BMI: ≥30 to <40 kg/m2); and severe 

obesity (BMI: ≥40 kg/m2) 
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S6.3 Results of matching: 

The matching method achieved balance in measured covariates across the various treatment and comparison groups 

(standardized differences < 0.1 in nearly all covariates). Kernel density plots for the continuous variable (maternal age) 

between the two groups were reasonably similar. The distributions of the propensity scores are adequately overlapped 

with good balance. 

S6.4 Diagnostic assessment for propensity score 

Diagnostic assessment for propensity score matching (treated vs untreated) 

                   

          

Mother age, continuous variable  

 
 

                                                                   

         diabetes     .0632263    .0462734      1.302721   1.208098

              bmi    -.6833243    .0135876      .6674505   1.019405

           parity    -.1718425    .0170241      .8332076   .9953997

        motherage     .0001151   -.0057676       1.24921      1.182

       ethnic_hes     .0134123    .0593653      .9354637   1.125767

     e2015_imd_10     .0049165   -.0044307      .9244505   .9499361

          smoking    -.8029749   -.0116006      1.002282    .990602

                                                                   

                           Raw     Matched           Raw    Matched

                   Standardized differences          Variance ratio

                                                                   

                                                                   

                          Control obs   =        7,792        6,766

                          Treated obs   =        6,766        6,766

                          Number of obs =       14,558       13,532
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Diagnostic assessment for propensity score matching (methyldopa vs β-blockers) 

 

                 
 

 

         
 

 

 

Mother age, continuous variable  

 
 

  

                                                                   

         diabetes     .2924059    .0072084      3.640849   1.021093

              bmi    -.0251983    .0308687       .964967   1.043757

           parity     .0558617   -.0254832      .9566343   1.018725

        motherage      .166595   -.0371963       .980408   1.128888

       ethnic_hes     .1825681    .0203529      1.497676   .9962426

     e2015_imd_10     .0163308    .0132794      .9789923   .9807839

          smoking     .0866368   -.0000748      1.069856   1.000107

                                                                   

                           Raw     Matched           Raw    Matched

                   Standardized differences          Variance ratio

                                                                   

                                                                   

                          Control obs   =        2,702        1,952

                          Treated obs   =        1,952        1,952

                          Number of obs =        4,654        3,904

                                                                   

                                                   Raw      Matched

  Covariate balance summary
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Diagnostic assessment for propensity score matching (calcium channel blockers vs β-blockers) 

 

 
 

         
 

 

 

Mother age, continuous variable  

 
 

 

  

                                                                   

         diabetes     .3764114   -.0520101      4.644544   .8892308

              bmi    -.0951402    .0357488      .8728326   1.062151

           parity     .0363377   -.0719775      .9365495   1.018436

        motherage     .2947889    .0158528      1.060711    1.02577

       ethnic_hes      .251726    .0286034      1.492381   .9446205

     e2015_imd_10     .2037168    .0615079      .9326104   .9697613

          smoking     .1051499    .0809293      1.085994   1.060063

                                                                   

                           Raw     Matched           Raw    Matched

                   Standardized differences          Variance ratio

                                                                   

                                                                   

                          Control obs   =        2,702          289

                          Treated obs   =          289          289

                          Number of obs =        2,991          578

                                                                   

                                                   Raw      Matched

  Covariate balance summary



 

405 

 

Diagnostic assessment for propensity score matching (calcium channel blockers vs methyldopa) 

 

 
 

          
 

 

 

Mother age, continuous variable  

 
  

                                                                   

         diabetes     .0918444   -.0520101      1.275676   .8892308

              bmi    -.0699873    .1309886      .9045207   1.274467

           parity    -.0200386   -.0751836      .9790047   1.224783

        motherage     .1321016   -.0387607      1.081907   1.026788

       ethnic_hes     .0629638      .18925      .9964649   1.443102

     e2015_imd_10      .188217    .0418164      .9526228   1.006839

          smoking      .018541     .014333      1.015084   1.009742

                                                                   

                           Raw     Matched           Raw    Matched

                   Standardized differences          Variance ratio

                                                                   

                                                                   

                          Control obs   =        1,952          289

                          Treated obs   =          289          289

                          Number of obs =        2,241          578

                                                                   

                                                   Raw      Matched

  Covariate balance summary
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Table S6.13 CPRD and HES codes used to identify variables  

Variable CPRD – Read code diagnoses 
HES – ICD10 Hospital 

diagnoses 

Pre-

eclampsia 

L124.00: Mild or unspecified pre-eclampsia 

L124.11; Mild pre-eclampsia 

L124.12: Toxaemia NOS 

L124000: Mild or unspecified pre-eclampsia unspecified 

L124100: Mild or unspecified pre-eclampsia - delivered 

L124200: Mild or unspecified pre-eclampsia - delivered with p/n comp 

L124300: Mild or unspecified pre-eclampsia - not delivered 

L124400: Mild or unspecified pre-eclampsia with p/n complication 

L124500: Mild pre-eclampsia 

L124600: Pre-eclampsia, unspecified 

L124z00: Mild or unspecified pre-eclampsia NOS 

L125.00: Severe pre-eclampsia 

L125000: Severe pre-eclampsia unspecified 

L125100: Severe pre-eclampsia - delivered 

L125200: Severe pre-eclampsia - delivered with postnatal complication 

L125300: Severe pre-eclampsia - not delivered 

L125400: Severe pre-eclampsia with postnatal complication 

L125z00: Severe pre-eclampsia NOS 

L126.00: Eclampsia 

L126000: Eclampsia unspecified 

L126100: Eclampsia - delivered 

L126200: Eclampsia - delivered with postnatal complication 

L126300: Eclampsia - not delivered 

L126400: Eclampsia with postnatal complication 

L126500: Eclampsia in pregnancy 

L126600: Eclampsia in labour 

L126z00: Eclampsia NOS 

L127.00: Pre-eclampsia or eclampsia with pre-existing hypertension 

L127000: Pre-eclampsia or eclampsia with hypertension unspecified 

L127100: Pre-eclampsia or eclampsia with hypertension - delivered 

L127200: Pre-eclampsia or eclampsia with hypertension - del+p/n comp 

L127300: Pre-eclampsia or eclampsia with hypertension - not delivered 

L127400: Pre-eclampsia or eclampsia with hypertension + p/n comp 

L127z00: Pre-eclampsia or eclampsia + pre-existing hypertension NOS 

L129.00: Moderate pre-eclampsia 

L12A.00: HELLP - Syndrome haemolysis, elev liver enzyme low platelets 

L12B.00: Proteinuric hypertension of pregnancy 

Lyu1.00: [X]Oedema,proteinuria+hypertens in pregnancy,childbrth,puerp 

Q000.11: Fetus affected by maternal toxaemia 

O14: Pre-eclampsia 

O14.0: Mild to moderate 

pre-eclampsia 

O14.1: Severe pre-

eclampsia 

O14.2: HELLP 

syndrome 

O14.9: Pre-eclampsia, 

unspecified 

O15: Eclampsia 

O15.0: Eclampsia in 

pregnancy 

O15.1: Eclampsia in 

labour 

O15.2: Eclampsia in the 

puerperium 

O15.9: Eclampsia, 

unspecified as to time 

period 

Preterm 

birth 

Q110.00: Very premature - less than 1000g or less than 28 weeks 

Q111.00: Premature - weight 1000g-2499g or gestation of 28-37weeks 

6351: Baby premature 36-38 weeks 

6352: Baby v. premature 32-36 weeks 

6353: Baby extremely prem.28-32 week 

6356: Baby premature 26-28 weeks 

6357: Baby premature 24-26 weeks 

635..13: Premature baby 

635A.00: Baby premature 37 weeks 

635B.00: Baby premature 36 weeks 

635C.00: Preterm infant status 

635C.11: Preterm 

L14..11: Premature labour 

L142.11: Premature delivery 

L143.00: Premature labour and delivery 

L143100: Premature labour with premature delivery 

Q11..11: Baby born premature 

Q112.11: Extreme prematurity - less than 28 weeks 

Q116.00: Premature infant 28-37 weeks 

Q11z.00: Born premature NOS 

O60: Preterm labour and 

delivery 

O60.1: Preterm 

spontaneous labour with 

preterm delivery 

O60.3: Preterm delivery 

without spontaneous 

labour 
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Qyu1100: Other preterm infants 

Q317100: Prematurity with interstitial pulmonary fibrosis 

Fetal 

growth 

restriction 

Q10z.00: Fetal growth retardation NOS 

Q10z.11: Intrauterine growth retardation 

O36.5: Maternal care for 

poor fetal growth 

 

Diabetes 6761: Diabetic pre-pregnancy counselling 

7276: Pan retinal photocoagulation for diabetes 

9360: Patient held diabetic record issued 

13AB.00: Diabetic lipid lowering diet 

13AC.00: Diabetic weight reducing diet 

13B1.00: Diabetic diet 

2BBF.00: Retinal abnormality - diabetes related 

2BBk.00: O/E - right eye stable treated prolif diabetic retinopathy 

2BBL.00: O/E - diabetic maculopathy present both eyes 

2BBl.00: O/E - left eye stable treated prolif diabetic retinopathy 

2BBM.00: O/E - diabetic maculopathy absent both eyes 

2BBo.00: O/E - sight threatening diabetic retinopathy 

2BBP.00: O/E - right eye background diabetic retinopathy 

2BBQ.00: O/E - left eye background diabetic retinopathy 

2BBR.00: O/E - right eye preproliferative diabetic retinopathy 

2BBS.00: O/E - left eye preproliferative diabetic retinopathy 

2BBT.00: O/E - right eye proliferative diabetic retinopathy 

2BBV.00: O/E - left eye proliferative diabetic retinopathy 

2BBW.00: O/E - right eye diabetic maculopathy 

2BBX.00: O/E - left eye diabetic maculopathy 

2G51000: Foot abnormality - diabetes related 

2G5A.00: O/E - Right diabetic foot at risk 

2G5B.00: O/E - Left diabetic foot at risk 

2G5C.00: Foot abnormality - diabetes related 

2G5E.00: O/E - Right diabetic foot at low risk 

2G5F.00: O/E - Right diabetic foot at moderate risk 

2G5G.00: O/E - Right diabetic foot at high risk 

2G5H.00: O/E - Right diabetic foot - ulcerated 

2G5I.00: O/E - Left diabetic foot at low risk 

2G5J.00: O/E - Left diabetic foot at moderate risk 

2G5K.00: O/E - Left diabetic foot at high risk 

2G5L.00: O/E - Left diabetic foot - ulcerated 

2G5V.00: O/E - right chronic diabetic foot ulcer 

2G5W.00: O/E - left chronic diabetic foot ulcer 

66A3.00: Diabetic on diet only 

66A4.00: Diabetic on oral treatment 

66A5.00: Diabetic on insulin 

66A8.00: Has seen dietician - diabetes 

66A9.00: Understands diet - diabetes 

66Aa.00: Diabetic diet - poor compliance 

66AA.11: Injection sites - diabetic 

66Ab.00: Diabetic foot examination 

66Ac.00: Diabetic peripheral neuropathy screening 

66AD.00: Fundoscopy - diabetic check 

66AG.00: Diabetic drug side effects 

66Ag.00: Insulin needles changed daily 

66AH.00: Diabetic treatment changed 

66Ah.00: Insulin needles changed for each injection 

66AI.00: Diabetic - good control 

66Ai.00: Diabetic 6 month review 

66AJ.00: Diabetic - poor control 

66Aj.00: Insulin needles changed less than once a day 

66AJ.11: Unstable diabetes 

66AJ100: Brittle diabetes 

66AJz00: Diabetic - poor control NOS 

66AK.00: Diabetic - cooperative patient 

66AL.00: Diabetic-uncooperative patient 

66Am.00: Insulin dose changed 

E10: Insulin-

dependent diabetes 

mellitus 

E11: Non-insulin-

dependent diabetes 

mellitus 

E13: Other specified 

diabetes mellitus 

E14: Unspecified 

diabetes mellitus 

G590: Diabetic 

mononeuropathy 

G632: Diabetic 

polyneuropathy 

H280: Diabetic 

cataract 

H360: Diabetic 

retinopathy 

M142: Diabetic 

arthropathy 

N083: Glomerular 

disorders in diabetes 

mellitus 

O240: Diabetes 

mellitus in 

pregnancy: Pre-

existing diabetes 

mellitus, insulin-

dependent 

O241: Diabetes 

mellitus in 

pregnancy: Pre-

existing diabetes 

mellitus, non-insulin-

dependent 

O243: Diabetes 

mellitus in 

pregnancy: Pre-

existing diabetes 

mellitus, unspecified 
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66An.00: Diabetes type 1 review 

66AN.00: Date diabetic treatment start 

66Ao.00: Diabetes type 2 review 

66AO.00: Date diabetic treatment stopp. 

66AP.00: Diabetes: practice programme 

66Ap.00: Insulin treatment initiated 

66AQ.00: Diabetes: shared care programme 

66Aq.00: Diabetic foot screen 

66AR.00: Diabetes management plan given 

66AS.00: Diabetic annual review 

66AT.00: Annual diabetic blood test 

66AU.00: Diabetes care by hospital only 

66AV.00: Diabetic on insulin and oral treatment 

66AW.00: Diabetic foot risk assessment 

66AX.00: Diabetes: shared care in pregnancy - diabetol and obstet 

66AY.00: Diabetic diet - good compliance 

68A7.00: Diabetic retinopathy screening 

68A9.00: Diabetic retinopathy screening offered 

68AB.00: Diabetic digital retinopathy screening offered 

7L10000: Continuous subcutaneous infusion of insulin 

7L19800: Subcutaneous injection of insulin 

889A.00: Diab mellit insulin-glucose infus acute myocardial infarct 

8A13.00: Diabetic stabilisation 

8B3l.00: Diabetes medication review 

8BL2.00: Patient on maximal tolerated therapy for diabetes 

8CA4100: Pt advised re diabetic diet 

8CAQ.00: Advice about blood glucose control 

8CP2.00: Transition of diabetes care options discussed 

8H2J.00: Admit diabetic emergency 

8H3O.00: Non-urgent diabetic admission 

8H7r.00: Refer to diabetic foot screener 

8HBG.00: Diabetic retinopathy 12 month review 

8HBH.00: Diabetic retinopathy 6 month review 

8Hl1.00: Referral for diabetic retinopathy screening 

8HLE.00: Diabetology D.V. done 

8I3k.00: Insulin therapy declined 

8I3W.00: Diabetic foot examination declined 

8I3X.00: Diabetic retinopathy screening refused 

8I57.00: Patient held diabetic record declined 

9OLD.00: Diabetic patient unsuitable for digital retinal photography 

C10..00: Diabetes mellitus 

C100.00: Diabetes mellitus with no mention of complication 

C100000: Diabetes mellitus, juvenile type, no mention of complication 

C100011: Insulin dependent diabetes mellitus 

C100100: Diabetes mellitus, adult onset, no mention of complication 

C100111: Maturity onset diabetes 

C100112: Non-insulin dependent diabetes mellitus 

C100z00: Diabetes mellitus NOS with no mention of complication 

C101.00: Diabetes mellitus with ketoacidosis 

C101000: Diabetes mellitus, juvenile type, with ketoacidosis 

C101100: Diabetes mellitus, adult onset, with ketoacidosis 

C101y00: Other specified diabetes mellitus with ketoacidosis 

C101z00: Diabetes mellitus NOS with ketoacidosis 

C102.00: Diabetes mellitus with hyperosmolar coma 

C102000: Diabetes mellitus, juvenile type, with hyperosmolar coma 

C102100: Diabetes mellitus, adult onset, with hyperosmolar coma 

C102z00: Diabetes mellitus NOS with hyperosmolar coma 

C103.00: Diabetes mellitus with ketoacidotic coma 

C103000: Diabetes mellitus, juvenile type, with ketoacidotic coma 

C103100: Diabetes mellitus, adult onset, with ketoacidotic coma 

C103y00: Other specified diabetes mellitus with coma 

C103z00: Diabetes mellitus NOS with ketoacidotic coma 

C104.00: Diabetes mellitus with renal manifestation 

C104.11: Diabetic nephropathy 
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C104000: Diabetes mellitus, juvenile type, with renal manifestation 

C104100: Diabetes mellitus, adult onset, with renal manifestation 

C104y00: Other specified diabetes mellitus with renal complications 

C104z00: Diabetes mellitis with nephropathy NOS 

C105.00: Diabetes mellitus with ophthalmic manifestation 

C105000: Diabetes mellitus, juvenile type, + ophthalmic manifestation 

C105100: Diabetes mellitus, adult onset, + ophthalmic manifestation 

C105y00: Other specified diabetes mellitus with ophthalmic complicatn 

C105z00: Diabetes mellitus NOS with ophthalmic manifestation 

C106.00: Diabetes mellitus with neurological manifestation 

C106.11: Diabetic amyotrophy 

C106.12: Diabetes mellitus with neuropathy 

C106.13: Diabetes mellitus with polyneuropathy 

C106000: Diabetes mellitus, juvenile, + neurological manifestation 

C106100: Diabetes mellitus, adult onset, + neurological manifestation 

C106y00: Other specified diabetes mellitus with neurological comps 

C106z00: Diabetes mellitus NOS with neurological manifestation 

C107.00: Diabetes mellitus with peripheral circulatory disorder 

C107.11: Diabetes mellitus with gangrene 

C107.12: Diabetes with gangrene 

C107000: Diabetes mellitus, juvenile +peripheral circulatory disorder 

C107100: Diabetes mellitus, adult, + peripheral circulatory disorder 

C107200: Diabetes mellitus, adult with gangrene 

C107300: IDDM with peripheral circulatory disorder 

C107400: NIDDM with peripheral circulatory disorder 

C107z00: Diabetes mellitus NOS with peripheral circulatory disorder 

C108.00: Insulin dependent diabetes mellitus 

C108.11: IDDM-Insulin dependent diabetes mellitus 

C108.12: Type 1 diabetes mellitus 

C108.13: Type I diabetes mellitus 

C108000: Insulin-dependent diabetes mellitus with renal complications 

C108011: Type I diabetes mellitus with renal complications 

C108012: Type 1 diabetes mellitus with renal complications 

C108100: Insulin-dependent diabetes mellitus with ophthalmic comps 

C108200: Insulin-dependent diabetes mellitus with neurological comps 

C108211: Type I diabetes mellitus with neurological complications 

C108212: Type 1 diabetes mellitus with neurological complications 

C108300: Insulin dependent diabetes mellitus with multiple complicatn 

C108400: Unstable insulin dependant diabetes mellitus 

C108411: Unstable type I diabetes mellitus 

C108412: Unstable type 1 diabetes mellitus 

C108500: Insulin dependent diabetes mellitus with ulcer 

C108511: Type I diabetes mellitus with ulcer 

C108512: Type 1 diabetes mellitus with ulcer 

C108600: Insulin dependent diabetes mellitus with gangrene 

C108700: Insulin dependent diabetes mellitus with retinopathy 

C108711: Type I diabetes mellitus with retinopathy 

C108712: Type 1 diabetes mellitus with retinopathy 

C108800: Insulin dependant diabetes mellitus - poor control 

C108811: Type I diabetes mellitus - poor control 

C108812: Type 1 diabetes mellitus - poor control 

C108900: Insulin dependant diabetes maturity onset 

C108911: Type I diabetes mellitus maturity onset 

C108912: Type 1 diabetes mellitus maturity onset 

C108A00: Insulin-dependent diabetes without complication 

C108A11: Type I diabetes mellitus without complication 

C108B00: Insulin dependent diabetes mellitus with mononeuropathy 

C108C00: Insulin dependent diabetes mellitus with polyneuropathy 

C108D00: Insulin dependent diabetes mellitus with nephropathy 

C108D11: Type I diabetes mellitus with nephropathy 

C108E00: Insulin dependent diabetes mellitus with hypoglycaemic coma 

C108E11: Type I diabetes mellitus with hypoglycaemic coma 

C108E12: Type 1 diabetes mellitus with hypoglycaemic coma 

C108F00: Insulin dependent diabetes mellitus with diabetic cataract 



 

410 

 

C108F11: Type I diabetes mellitus with diabetic cataract 

C108G00: Insulin dependent diab mell with peripheral angiopathy 

C108H00: Insulin dependent diabetes mellitus with arthropathy 

C108H11: Type I diabetes mellitus with arthropathy 

C108J00: Insulin dependent diab mell with neuropathic arthropathy 

C108J11: Type I diabetes mellitus with neuropathic arthropathy 

C108J12: Type 1 diabetes mellitus with neuropathic arthropathy 

C108y00: Other specified diabetes mellitus with multiple comps 

C108z00: Unspecified diabetes mellitus with multiple complications 

C109.00: Non-insulin dependent diabetes mellitus 

C109.11: NIDDM - Non-insulin dependent diabetes mellitus 

C109.12: Type 2 diabetes mellitus 

C109.13: Type II diabetes mellitus 

C109000: Non-insulin-dependent diabetes mellitus with renal comps 

C109011: Type II diabetes mellitus with renal complications 

C109012: Type 2 diabetes mellitus with renal complications 

C109100: Non-insulin-dependent diabetes mellitus with ophthalm comps 

C109111: Type II diabetes mellitus with ophthalmic complications 

C109112: Type 2 diabetes mellitus with ophthalmic complications 

C109200: Non-insulin-dependent diabetes mellitus with neuro comps 

C109211: Type II diabetes mellitus with neurological complications 

C109212: Type 2 diabetes mellitus with neurological complications 

C109300: Non-insulin-dependent diabetes mellitus with multiple comps 

C109400: Non-insulin dependent diabetes mellitus with ulcer 

C109411: Type II diabetes mellitus with ulcer 

C109412: Type 2 diabetes mellitus with ulcer 

C109500: Non-insulin dependent diabetes mellitus with gangrene 

C109511: Type II diabetes mellitus with gangrene 

C109512: Type 2 diabetes mellitus with gangrene 

C109600: Non-insulin-dependent diabetes mellitus with retinopathy 

C109611: Type II diabetes mellitus with retinopathy 

C109612: Type 2 diabetes mellitus with retinopathy 

C109700: Non-insulin dependant diabetes mellitus - poor control 

C109711: Type II diabetes mellitus - poor control 

C109712: Type 2 diabetes mellitus - poor control 

C109900: Non-insulin-dependent diabetes mellitus without complication 

C109A00: Non-insulin dependent diabetes mellitus with mononeuropathy 

C109A11: Type II diabetes mellitus with mononeuropathy 

C109B00: Non-insulin dependent diabetes mellitus with polyneuropathy 

C109B11: Type II diabetes mellitus with polyneuropathy 

C109C00: Non-insulin dependent diabetes mellitus with nephropathy 

C109C11: Type II diabetes mellitus with nephropathy 

C109C12: Type 2 diabetes mellitus with nephropathy 

C109D00: Non-insulin dependent diabetes mellitus with hypoglyca coma 

C109D11: Type II diabetes mellitus with hypoglycaemic coma 

C109D12: Type 2 diabetes mellitus with hypoglycaemic coma 

C109E00: Non-insulin depend diabetes mellitus with diabetic cataract 

C109E11: Type II diabetes mellitus with diabetic cataract 

C109E12: Type 2 diabetes mellitus with diabetic cataract 

C109F00: Non-insulin-dependent d m with peripheral angiopath 

C109F11: Type II diabetes mellitus with peripheral angiopathy 

C109F12: Type 2 diabetes mellitus with peripheral angiopathy 

C109G00: Non-insulin dependent diabetes mellitus with arthropathy 

C109G11: Type II diabetes mellitus with arthropathy 

C109G12: Type 2 diabetes mellitus with arthropathy 

C109H00: Non-insulin dependent d m with neuropathic arthropathy 

C109H11: Type II diabetes mellitus with neuropathic arthropathy 

C109H12: Type 2 diabetes mellitus with neuropathic arthropathy 

C109J00: Insulin treated Type 2 diabetes mellitus 

C109J11: Insulin treated non-insulin dependent diabetes mellitus 

C109J12: Insulin treated Type II diabetes mellitus 

C109K00: Hyperosmolar non-ketotic state in type 2 diabetes mellitus 

C10A.00: Malnutrition-related diabetes mellitus 

C10A000: Malnutrition-related diabetes mellitus with coma 
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C10A100: Malnutrition-related diabetes mellitus with ketoacidosis 

C10B.00: Diabetes mellitus induced by steroids 

C10B000: Steroid induced diabetes mellitus without complication 

C10C.00: Diabetes mellitus autosomal dominant 

C10C.11: Maturity onset diabetes in youth 

C10C.12: Maturity onset diabetes in youth type 1 

C10D.00: Diabetes mellitus autosomal dominant type 2 

C10D.11: Maturity onset diabetes in youth type 2 

C10E.00: Type 1 diabetes mellitus 

C10E.11: Type I diabetes mellitus 

C10E.12: Insulin dependent diabetes mellitus 

C10E000: Type 1 diabetes mellitus with renal complications 

C10E100: Type 1 diabetes mellitus with ophthalmic complications 

C10E112: Insulin-dependent diabetes mellitus with ophthalmic comps 

C10E200: Type 1 diabetes mellitus with neurological complications 

C10E300: Type 1 diabetes mellitus with multiple complications 

C10E311: Type I diabetes mellitus with multiple complications 

C10E312: Insulin dependent diabetes mellitus with multiple complicat 

C10E400: Unstable type 1 diabetes mellitus 

C10E411: Unstable type I diabetes mellitus 

C10E412: Unstable insulin dependent diabetes mellitus 

C10E500: Type 1 diabetes mellitus with ulcer 

C10E511: Type I diabetes mellitus with ulcer 

C10E512: Insulin dependent diabetes mellitus with ulcer 

C10E600: Type 1 diabetes mellitus with gangrene 

C10E700: Type 1 diabetes mellitus with retinopathy 

C10E711: Type I diabetes mellitus with retinopathy 

C10E712: Insulin dependent diabetes mellitus with retinopathy 

C10E800: Type 1 diabetes mellitus - poor control 

C10E812: Insulin dependent diabetes mellitus - poor control 

C10E900: Type 1 diabetes mellitus maturity onset 

C10E911: Type I diabetes mellitus maturity onset 

C10E912: Insulin dependent diabetes maturity onset 

C10EA00: Type 1 diabetes mellitus without complication 

C10EA11: Type I diabetes mellitus without complication 

C10EB00: Type 1 diabetes mellitus with mononeuropathy 

C10EC00: Type 1 diabetes mellitus with polyneuropathy 

C10EC11: Type I diabetes mellitus with polyneuropathy 

C10ED00: Type 1 diabetes mellitus with nephropathy 

C10EE00: Type 1 diabetes mellitus with hypoglycaemic coma 

C10EF00: Type 1 diabetes mellitus with diabetic cataract 

C10EG00: Type 1 diabetes mellitus with peripheral angiopathy 

C10EH00: Type 1 diabetes mellitus with arthropathy 

C10EJ00: Type 1 diabetes mellitus with neuropathic arthropathy 

C10EK00: Type 1 diabetes mellitus with persistent proteinuria 

C10EL00: Type 1 diabetes mellitus with persistent microalbuminuria 

C10EM00: Type 1 diabetes mellitus with ketoacidosis 

C10EM11: Type I diabetes mellitus with ketoacidosis 

C10EN00: Type 1 diabetes mellitus with ketoacidotic coma 

C10EN11: Type I diabetes mellitus with ketoacidotic coma 

C10EP00: Type 1 diabetes mellitus with exudative maculopathy 

C10EP11: Type I diabetes mellitus with exudative maculopathy 

C10EQ00: Type 1 diabetes mellitus with gastroparesis 

C10ER00: Latent autoimmune diabetes mellitus in adult 

C10F.00: Type 2 diabetes mellitus 

C10F.11: Type II diabetes mellitus 

C10F000: Type 2 diabetes mellitus with renal complications 

C10F011: Type II diabetes mellitus with renal complications 

C10F100: Type 2 diabetes mellitus with ophthalmic complications 

C10F200: Type 2 diabetes mellitus with neurological complications 

C10F211: Type II diabetes mellitus with neurological complications 

C10F300: Type 2 diabetes mellitus with multiple complications 

C10F311: Type II diabetes mellitus with multiple complications 

C10F400: Type 2 diabetes mellitus with ulcer 
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C10F411: Type II diabetes mellitus with ulcer 

C10F500: Type 2 diabetes mellitus with gangrene 

C10F600: Type 2 diabetes mellitus with retinopathy 

C10F611: Type II diabetes mellitus with retinopathy 

C10F700: Type 2 diabetes mellitus - poor control 

C10F711: Type II diabetes mellitus - poor control 

C10F900: Type 2 diabetes mellitus without complication 

C10F911: Type II diabetes mellitus without complication 

C10FA00: Type 2 diabetes mellitus with mononeuropathy 

C10FA11: Type II diabetes mellitus with mononeuropathy 

C10FB00: Type 2 diabetes mellitus with polyneuropathy 

C10FB11: Type II diabetes mellitus with polyneuropathy 

C10FC00: Type 2 diabetes mellitus with nephropathy 

C10FD00: Type 2 diabetes mellitus with hypoglycaemic coma 

C10FD11: Type II diabetes mellitus with hypoglycaemic coma 

C10FE00: Type 2 diabetes mellitus with diabetic cataract 

C10FE11: Type II diabetes mellitus with diabetic cataract 

C10FF00: Type 2 diabetes mellitus with peripheral angiopathy 

C10FG00: Type 2 diabetes mellitus with arthropathy 

C10FH00: Type 2 diabetes mellitus with neuropathic arthropathy 

C10FJ00: Insulin treated Type 2 diabetes mellitus 

C10FJ11: Insulin treated Type II diabetes mellitus 

C10FK00: Hyperosmolar non-ketotic state in type 2 diabetes mellitus 

C10FL00: Type 2 diabetes mellitus with persistent proteinuria 

C10FL11: Type II diabetes mellitus with persistent proteinuria 

C10FM00: Type 2 diabetes mellitus with persistent microalbuminuria 

C10FM11: Type II diabetes mellitus with persistent microalbuminuria 

C10FN00: Type 2 diabetes mellitus with ketoacidosis 

C10FP00: Type 2 diabetes mellitus with ketoacidotic coma 

C10FQ00: Type 2 diabetes mellitus with exudative maculopathy 

C10FR00: Type 2 diabetes mellitus with gastroparesis 

C10M.00: Lipoatrophic diabetes mellitus 

C10y.00: Diabetes mellitus with other specified manifestation 

C10y100: Diabetes mellitus, adult, + other specified manifestation 

C10yy00: Other specified diabetes mellitus with other spec comps 

C10yz00: Diabetes mellitus NOS with other specified manifestation 

C10z.00: Diabetes mellitus with unspecified complication 

C10z000: Diabetes mellitus, juvenile type, + unspecified complication 

C10z100: Diabetes mellitus, adult onset, + unspecified complication 

C10zy00: Other specified diabetes mellitus with unspecified comps 

C10zz00: Diabetes mellitus NOS with unspecified complication 

C314.11: Renal diabetes 

C350011: Bronzed diabetes 

Cyu2.00: [X]Diabetes mellitus 

Cyu2000: [X]Other specified diabetes mellitus 

F171100: Autonomic neuropathy due to diabetes 

F345000: Diabetic mononeuritis multiplex 

F35z000: Diabetic mononeuritis NOS 

F372.00: Polyneuropathy in diabetes 

F372.11: Diabetic polyneuropathy 

F372.12: Diabetic neuropathy 

F372000: Acute painful diabetic neuropathy 

F372100: Chronic painful diabetic neuropathy 

F372200: Asymptomatic diabetic neuropathy 

F381300: Myasthenic syndrome due to diabetic amyotrophy 

F381311: Diabetic amyotrophy 

F3y0.00: Diabetic mononeuropathy 

F420.00: Diabetic retinopathy 

F420000: Background diabetic retinopathy 

F420100: Proliferative diabetic retinopathy 

F420200: Preproliferative diabetic retinopathy 

F420300: Advanced diabetic maculopathy 

F420400: Diabetic maculopathy 

F420500: Advanced diabetic retinal disease 
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F420600: Non proliferative diabetic retinopathy 

F420700: High risk proliferative diabetic retinopathy 

F420800: High risk non proliferative diabetic retinopathy 

F420z00: Diabetic retinopathy NOS 

F440700: Diabetic iritis 

F464000: Diabetic cataract 

G73y000: Diabetic peripheral angiopathy 

K01x100: Nephrotic syndrome in diabetes mellitus 

K01x111: Kimmelstiel - Wilson disease 

L180500: Pre-existing diabetes mellitus, insulin-dependent 

L180600: Pre-existing diabetes mellitus, non-insulin-dependent 

L180X00: Pre-existing diabetes mellitus, unspecified 

M037200: Cellulitis in diabetic foot 

M21yC00: Insulin lipohypertrophy 

M21yC11: Insulin site lipohypertrophy 

M271000: Ischaemic ulcer diabetic foot 

M271100: Neuropathic diabetic ulcer - foot 

M271200: Mixed diabetic ulcer - foot 

N030000: Diabetic cheiroarthropathy 

N030011: Diabetic cheiropathy 

N030100: Diabetic Charcot arthropathy 

Q441.00: Neonatal diabetes mellitus 

R054200: [D]Gangrene of toe in diabetic 

R054300: [D]Widespread diabetic foot gangrene 

TJ23.00: Adverse reaction to insulins and antidiabetic agents 

TJ23z00: Adverse reaction to insulins and antidiabetic agents NOS 

U602311: [X] Adverse reaction to insulins and antidiabetic agents 

ZC2C800: Dietary advice for diabetes mellitus 

ZC2C900: Dietary advice for type I diabetes 

ZC2CA00: Dietary advice for type II diabetes 

ZRbH.00: Perceived control of insulin-dependent diabetes 

ZV65312: [V]Dietary counselling in diabetes mellitus 

Chronic 

kidney 

disease 

1Z10.00: Chronic kidney disease stage 1 

1Z17.00: Chronic kidney disease stage 1 with proteinuria 

1Z17.11: CKD stage 1 with proteinuria 

1Z18.00: Chronic kidney disease stage 1 without proteinuria 

1Z11.00: Chronic kidney disease stage 2 

1Z19.00: Chronic kidney disease stage 2 with proteinuria 

1Z19.11: CKD stage 2 with proteinuria 

1Z1A.00: Chronic kidney disease stage 2 without proteinuria 

1Z1A.11: CKD stage 2 without proteinuria 

1Z12.00: Chronic kidney disease stage 3 

1Z15.00: Chronic kidney disease stage 3A 

1Z16.00: Chronic kidney disease stage 3B 

1Z1B.00: Chronic kidney disease stage 3 with proteinuria 

1Z1B.11: CKD stage 3 with proteinuria 

1Z1C.00: Chronic kidney disease stage 3 without proteinuria 

1Z1C.11: CKD stage 3 without proteinuria 

1Z1D.00: Chronic kidney disease stage 3A with proteinuria 

1Z1D.11: CKD stage 3A with proteinuria 

1Z1E.00: Chronic kidney disease stage 3A without proteinuria 

1Z1E.11: CKD stage 3A without proteinuria 

1Z1F.00: Chronic kidney disease stage 3B with proteinuria 

1Z1F.11: CKD stage 3B with proteinuria 

1Z1G.00: Chronic kidney disease stage 3B without proteinuria 

1Z13.00: Chronic kidney disease stage 4 

1Z1H.00: Chronic kidney disease stage 4 with proteinuria 

1Z1J.00: Chronic kidney disease stage 4 without proteinuria 

1Z1J.11: CKD stage 4 without proteinuria 

1Z14.00: Chronic kidney disease stage 5 

1Z1K.00: Chronic kidney disease stage 5 with proteinuria 

1Z1L.00: Chronic kidney disease stage 5 without proteinuria 

1Z1L.11: CKD stage 5 without proteinuria 

 

HDP 
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L123.00: Transient hypertension of pregnancy 

L123000: Transient hypertension of pregnancy unspecified 

L123100: Transient hypertension of pregnancy - delivered 

L123300: Transient hypertension of pregnancy - not delivered 

L123400: Transient hypertension of pregnancy + postnatal complication 

L123500: Gestational hypertension 

L123600: Transient hypertension of pregnancy 

L123z00: Transient hypertension of pregnancy NOS 

L12.00: Hypertension complicating pregnancy/childbirth/puerperium 

L12z.00: Unspecified hypertension in pregnancy/childbirth/puerperium 

L12z000: Unspecified hypertension in preg/childb/puerp unspecified 

L12z100: Unspecified hypertension in preg/childb/puerp - delivered 

L12z200: Unspecified hypertension in preg/childb/puerp -del +p/n comp 

L12z300: Unspecified hypertension in preg/childb/puerp - not deliv 

L12zz00: Unspecified hypertension in preg/childb/puerp NOS 

Q000.00: Fetus or neonate affected by maternal hypertensive disease 

O13; Gestational 

(pregnancy induced) 

hypertension 

O10.9: Unspecified pre-

existing hypertension 

complicating pregnancy, 

childbirth and the 

puerperium 

O16: Unspecified 

maternal hypertension 

Women with these codes (HDP: hypertensive disorders of pregnancy) were excluded from analyses except for pre-

eclampsia analysis when comparing hypertensive with normotensive pregnancies 
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373,260 duplicate records 

from Maternity File cohort 

(HES) 

357,589 records removed with identical maternal IDs and 

SPNO, we kept last record (based on matordr) 

 

9,669 Overlapping records 

from Pregnancy Register 

(CPRD) 

Figure S6.6 Dealing with duplicate/overlapping records 

2,975 overlapping records were removed with identical 

maternal IDs and (<55 wks. between previous pregnancy 

start and subsequent delivery) 

 

10,322 records removed (episode overlaps with 

another episode (within a woman)) 

 

179,418 overlapping records 

removed (CPRD with HES) 

after merging both datasets 

6,694 conflict records removed (episode overlaps with 

another episode (within a woman)) 

6,975 records removed with identical maternal IDs, SPNO 

and matordr, some were multiple pregnancies 

 

 
2,393 records removed with identical maternal IDs, antenatal 

visit & gestational age 

 

  

  

5,438 records removed from 22 women (Each of the 22 

patients had >200 records, difficult to establish validity of 

each record, all records for these women removed  

 

) 

 

816 records removed (episode overlaps with another episode 

(within a woman)) 

  

  

  
49 duplicate records removed with identical maternal IDs, 

maternal age, birthweight, and 1st antenatal visit 

 

169,096 overlapping records from CPRD with 

HES 
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Appendix 7: The Association Between Chronic 

Hypertension and The Risk of Twelve Cardiovascular 

Diseases among Parous Women: The Role of Adverse 

Pregnancy Outcomes (supplemental material)  

S7.1 Supplementary Tables S7.1-S7.3 

Table S7.1 Associations between pre-pregnancy hypertension and cardiovascular diseases  

EVENTS N Cases (%) Crude HR (95% CI) 
Adjusted HR (95% 

CI)* 

Ischemic stroke    

No pre-pregnancy HTN  665 (0.04) Reference Reference 

Pre-pregnancy HTN 30 (0.24) 4.54 (3.14–6.58) 4.04 (2.77–5.89) 

Intracerebral haemorrhage    

No pre-pregnancy HTN  317 (0.02) Reference Reference 

Pre-pregnancy HTN 11 (0.09) 3.70 (2.02–6.78) 4.12 (2.22–7.60) 

Subarachnoid haemorrhage    

No pre-pregnancy HTN  503 (0.03) Reference Reference 

Pre-pregnancy HTN 30 (0.24) 5.40 (3.72–7.83) 4.55 (3.11–6.64) 

Stroke NOS    

No pre-pregnancy HTN  251 (0.01) Reference Reference 

Pre-pregnancy HTN 16 (0.13) 6.12 (3.67–10.2) 4.63 (2.75–7.81) 

All stroke    

No pre-pregnancy HTN  1,488 (0.08) Reference Reference 

Pre-pregnancy HTN 71 (0.56) 4.68 (3.68–5.96) 4.22 (3.30–5.39) 

Myocardial infarction    

No pre-pregnancy HTN  485 (0.03) Reference Reference 

Pre-pregnancy HTN 36 (0.28) 5.83 (4.13–8.22) 4.53 (3.18–6.44) 

Stable angina    

No pre-pregnancy HTN  11,456 (0.65) Reference Reference 

Pre-pregnancy HTN 371 (2.92) 3.13 (2.82–3.48) 1.99 (1.80–2.22) 

Unstable angina    

No pre-pregnancy HTN  356 (0.02) Reference Reference 
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Pre-pregnancy HTN 18 (0.14) 3.80 (2.35–6.16) 2.65 (1.62–4.35) 

Coronary heart disease NOS    

No pre-pregnancy HTN  1,102 (0.06) Reference Reference 

Pre-pregnancy HTN 83 (0.65) 5.69 (4.53–7.15) 4.30 (3.40–5.44) 

Cardiac atherosclerosis    

No pre-pregnancy HTN  12,264 (0.69) Reference Reference 

Pre-pregnancy HTN 414 (3.26) 3.25 (2.94–3.58) 2.09 (1.89–2.31) 

Peripheral arterial disease    

No pre-pregnancy HTN  630 (0.04) Reference Reference 

Pre-pregnancy HTN 12 (0.09) 1.95 (1.10–3.46) 1.62 (0.96–2.91) 

Abdominal aortic aneurysm    

No pre-pregnancy HTN  53 (0.003) Reference Reference 

Pre-pregnancy HTN 3 (0.02) 6.30 (1.95–20.4) 4.27 (1.30–14.0) 

All peripheral disease    

No pre-pregnancy HTN  683 (0.04) Reference Reference 

Pre-pregnancy HTN 14 (0.11) 2.11 (1.24–3.60) 1.71 (1.00–2.93) 

Heart failure    

No pre-pregnancy HTN  881 (0.05) Reference Reference 

Pre-pregnancy HTN 38 (0.30) 4.38 (3.15–6.09) 3.55 (2.53–4.98) 

Atrial fibrillation    

No pre-pregnancy HTN  1,489 (0.08) Reference Reference 

Pre-pregnancy HTN 69 (0.54) 4.35 (3.41–5.55) 3.28 (2.55–4.20) 

All CVD**    

No pre-pregnancy HTN  15,966 (0.9) Reference Reference 

Pre-pregnancy HTN 533 (4.2) 3.26 (2.99–3.56) 2.22 (2.03–2.42) 

All models were stratified by maternal age at delivery and year of birth. * Adjusted for deprivation index, 

smoking, body mass index, ethnicity, parity, and family history of cardiovascular disease. ** This outcome 

included all 12 cardiovascular disorders plus any recorded death of cardiovascular mortality. 

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; HTN, 

hypertension; NOS, not otherwise specified. 
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Table S7.2 Associations between pre-pregnancy hypertension and cardiovascular diseases according to 

adverse pregnancy outcomes 

EVENTS N Cases (%) Crude HR (95% CI) 
Adjusted HR (95% 

CI)* 

Ischemic stroke    

No pre-pregnancy HTN or APO 548 (0.03) Reference Reference 

No pre-pregnancy with APO 117 (0.08) 2.50 (2.05–2.96) 2.40 (1.96–2.93) 

Pre-pregnancy HTN without APO 22 (0.22) 4.61 (3.00–7.09) 4.17 (2.70–6.45) 

Pre-pregnancy HTN with APO 8 (0.31) 7.05 (3.41–14.2) 6.42 (3.15–13.0) 

Intracerebral haemorrhage    

No pre-pregnancy HTN or APO 251 (0.02) Reference Reference 

No pre-pregnancy with APO 66 (0.04) 3.07 (2.34–4.03) 3.27 (2.48–4.31) 

Pre-pregnancy HTN without APO 6 (0.06) 2.87 (1.27–6.47) 3.26 (1.44–7.39) 

Pre-pregnancy HTN with APO 5 (0.2) 10.7 (4.37–25.9) 13.1 (5.33–32.2) 

Subarachnoid haemorrhage    

No pre-pregnancy HTN or APO 416 (0.03) Reference Reference 

No pre-pregnancy with APO 87 (0.06) 2.47 (1.96–3.11) 2.23 (1.77–2.82) 

Pre-pregnancy HTN without APO 25 (0.25) 6.20 (4.12–9.32) 5.25 (3.47–7.94) 

Pre-pregnancy HTN with APO 5 (0.20) 5.30 (2.19–12.8) 4.51 (1.85–11.0) 

Stroke NOS    

No pre-pregnancy HTN or APO 204 (0.01) Reference Reference 

No pre-pregnancy with APO 47 (0.03) 2.69 (1.95–3.69) 2.48 (1.80–3.42) 

Pre-pregnancy HTN without APO 11 (0.11) 5.92 (3.21–10.9) 4.55 (2.44–8.46) 

Pre-pregnancy HTN with APO 5 (0.20) 11.1 (4.53–27.1) 8.51 (3.44–21.0) 

All stroke    

No pre-pregnancy HTN or APO 1,218 (0.08) Reference Reference 

No pre-pregnancy with APO 270 (0.17) 2.60 (2.28–2.97) 2.49 (2.18–2.86) 

Pre-pregnancy HTN without APO 52 (0.51) 4.76 (3.60–6.30) 4.36 (3.28–5.78) 

Pre-pregnancy HTN with APO 19 (0.74) 7.43 (4.71–11.7) 6.93 (4.38–11.0) 

Myocardial infarction    

No pre-pregnancy HTN or APO 382 (0.02) Reference Reference 

No pre-pregnancy with APO 103 (0.07) 3.38 (2.56–3.96) 2.87 (2.23–3.47) 

Pre-pregnancy HTN without APO 23 (0.23) 5.38 (3.52–8.23) 4.23 (2.73–6.50) 
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Pre-pregnancy HTN with APO 13 (0.51) 13.2 (7.53–23.2) 10.3 (5.86–18.2) 

Stable angina    

No pre-pregnancy HTN or APO 11,106 (0.63) Reference Reference 

No pre-pregnancy with APO 1,350 (0.87) 1.59 (1.50–1.68) 1.33 (1.26–1.41) 

Pre-pregnancy HTN without APO 276 (2.72) 3.02 (2.68–3.41) 1.93 (1.70–2.17) 

Pre-pregnancy HTN with APO 95 (3.72) 4.35 (3.55–5.33) 2.66 (2.17–3.26) 

Unstable angina    

No pre-pregnancy HTN or APO 295 (0.02) Reference Reference 

No pre-pregnancy with APO 61 (0.04) 2.43 (1.84–3.21) 2.10 (1.59–2.77) 

Pre-pregnancy HTN without APO 13 (0.13) 3.78 (2.15–6.63) 2.58 (1.45–4.60) 

Pre-pregnancy HTN with APO 5 (0.20) 6.32 (2.57–15.5) 4.82 (1.96–11.9) 

Coronary heart disease NOS    

No pre-pregnancy HTN or APO 916 (0.06) Reference Reference 

No pre-pregnancy with APO 186 (0.12) 2.38 (2.03–2.79) 2.08 (1.77–2.44) 

Pre-pregnancy HTN without APO 57 (0.56) 5.33 (4.05–7.00) 4.00 (3.03–5.30) 

Pre-pregnancy HTN with APO 26 (1.02) 10.8 (7.23–16.1) 8.33 (5.57–12.5) 

Cardiac atherosclerosis    

No pre-pregnancy HTN or APO 10,793(0.67) Reference Reference 

No pre-pregnancy with APO 1,471 (0.94) 1.62 (1.54–1.71) 1.36 (1.29–1.44) 

Pre-pregnancy HTN without APO 308 (3.04) 3.13 (2.79–3.51) 2.02 (1.80–2.26) 

Pre-pregnancy HTN with APO 106 (4.15) 4.55 (3.75–5.52) 2.81 (2.32–3.41) 

Peripheral arterial disease    

No pre-pregnancy HTN or APO 541 (0.03) Reference Reference 

No pre-pregnancy with APO 89 (0.06) 1.87 (1.50–2.35) 1.72 (1.37–2.16) 

Pre-pregnancy HTN without APO 7 (0.07) 1.52 (0.72–3.20) 1.26 (0.59–2.67) 

Pre-pregnancy HTN with APO 5 (0.20) 4.42 (1.82–10.7) 3.85 (1.58–9.38) 

Abdominal aortic aneurysm    

No pre-pregnancy HTN or APO 43 (.002) Reference Reference 

No pre-pregnancy with APO 10 (0.01) 2.80 (1.40–5.58) 2.43 (1.21–4.88) 

Pre-pregnancy HTN without APO 1 (0.01) 2.95 (0.40–21.6) 2.06 (0.28–15.2) 

Pre-pregnancy HTN with APO 2 (0.08) 24.7 (5.92–103) 16.9 (3.92–72.5) 

All peripheral disease    
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No pre-pregnancy HTN or APO 584 (0.04) Reference Reference 

No pre-pregnancy with APO 99 (0.06) 1.94 (1.57–2.40) 1.77 (1.43–2.20) 

Pre-pregnancy HTN without APO 8 (0.08) 1.62 (0.80–3.25) 1.32 (0.65–2.66) 

Pre-pregnancy HTN with APO 6 (0.23) 4.60 (2.21–11.1) 4.22 (1.87–9.51) 

Heart failure    

No pre-pregnancy HTN or APO 730 (0.05) Reference Reference 

No pre-pregnancy with APO 151 (0.10) 2.38 (2.00–2.84) 2.31 (1.93–2.76) 

Pre-pregnancy HTN without APO 20 (0.20) 3.19 (2.04–5.00) 2.65 (1.68–4.17) 

Pre-pregnancy HTN with APO 18 (0.70) 11.5 (7.19–18.6) 9.65 (5.96–15.6) 

Atrial fibrillation    

No pre-pregnancy HTN or APO 1,280 (0.08) Reference Reference 

No pre-pregnancy with APO 209 (0.13) 1.91 (1.65–2.21) 1.70 (1.46–1.97) 

Pre-pregnancy HTN without APO 56 (0.55) 4.68 (3.57–6.13) 3.55 (2.70–4.67) 

Pre-pregnancy HTN with APO 13 (0.51) 4.61 (2.66–7.97) 3.40 (1.96–5.89) 

All CVD**    

No pre-pregnancy HTN or APO 13,958(0.86) Reference  

No pre-pregnancy with APO 2,008 (1.3) 1.71 (1.63–1.79) 1.48 (1.41–1.55) 

Pre-pregnancy HTN without APO 399 (3.9) 3.19 (2.88–3.53) 2.18 (1.97–2.41) 

Pre-pregnancy HTN with APO 134 (5.3) 4.52 (3.81–5.37) 2.97 (2.50–3.52) 

All models were stratified by maternal age at delivery and year of birth. * Adjusted for, deprivation index, 

smoking, body mass index, ethnicity, parity, and family history of cardiovascular disease. ** This outcome 

included all 12 cardiovascular disorders plus any recorded death of cardiovascular mortality. APO included 

hypertensive disorders during pregnancy, stillbirth, preterm birth, and fetal growth restriction 

Abbreviations: APO, adverse pregnancy outcomes; CI, confidence interval; CVD, cardiovascular disease; 

HR, hazard ratio; HTN, hypertension; NOS, not otherwise specified  
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Table S7.3 Survival Curves for all cardiovascular outcomes according to: (A) pre-pregnancy hypertension and (B) 

adverse pregnancy outcomes 

(A) (B) 

Ischemic stroke 

  

Intracerebral haemorrhage 
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Subarachnoid haemorrhage 

  

Stroke not otherwise specified 

 

  

All stoke 
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Myocardial infarction 

  

Stable angina 

  

Unstable angina 
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Coronary heart disease not otherwise specified 

  

Cardiac atherosclerosis 

  

Peripheral arterial disease 

  
 

 

 



 

425 

 

 

Abdominal aortic aneurysm 

  

All peripheral disease 

  

Heart failure 
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Atrial fibrillation 

  

All cardiovascular disease 
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