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A B S T R A C T

Background: With evolving Cystic Fibrosis (CF) phenotypes resulting from changes to clinical management, 
healthier dietary practices are warranted for many people with CF. Whilst diet composition is reported, diet 
quality data is lacking in CF. This study aims to evaluate dietary intakes and diet quality in adults with CF via 
guideline comparison and a validated diet quality index.
Methods: Cross-sectional study of Irish adults with CF. Demographic questionnaires and three-day food diaries 
were completed. Healthy Eating Index – 2020 (HEI-2020) assessed diet quality. Data was statistically analysed in 
SPSS®.
Results: Of n = 68 participants (female: 58.8 %, age: 35.2 ± 10.1 years, FEV1%: 77.4 ± 25.1 %), 36.8 % were 
overweight/obese and 77.6 % pancreatic insufficient. While median (interquartile range) percentage estimated 
average requirement (EAR) was 110.1 (45.3) %, 50.0 % of participants were below CF energy requirements (110 
% EAR). Mean percentage total energy intake (%TEI) protein (18.0 ± 3.9 %) aligned to dietary reference values 
(DRV). %TEI carbohydrates (44.1 ± 6.5 %) was below, and %TEI fat (37.1 ± 5.4 %), saturated fat (14.1 ± 3.3 %) 
and sugar (17.4 ± 5.6 %) exceeded DRV. Median vitamin A intake was adequate [936.6 (1005.2) µg], but 
vitamin D [3.6 (4.3) µg], E (9.6 ± 5.2 mg) and K1 [31.1 (71.2) µg] intakes were insufficient without 
supplementation.
Regarding Irish healthy eating guidelines, 95.6 % of participants overconsumed energy-dense nutrient poor 
(EDNP) foods, with 76.5 % below vegetables, salad and fruit intake guidelines. Participants’ mean HEI-2020 
score (0–100) was 59.3 ± 12.4.
Conclusion: Findings indicate suboptimal diet quality. Despite reliance on EDNP foods, many did not achieve 
energy targets. Moving forward, emphasis on diet quality is of paramount importance to improve overall health 
in people with CF.

Abbreviations: CF, Cystic Fibrosis; PwCF, People Living With Cystic Fibrosis; PI, Pancreatic Insufficiency; VSTs, Variant Specific Therapies; EAR, Estimated 
Average Requirement; BMI, Body Mass Index; EDNP, Energy-Dense Nutrient-Poor; HEI-2020, Healthy Eating Index 2020; SD, Standard Deviation; FEV1%, Predicted 
Percentage Forced Expiratory Volume; %TEI, Percentage Of Total Energy Intake; DRV, Dietary Reference Values.
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1. Introduction

Cystic Fibrosis (CF) has evolved considerably over the last decade 
with significant improvements in outcomes [1] directly related to ad
vancements in variant specific therapies (VSTs) and better clinical care 
and multidisciplinary management of CF [2]. This has extended the 
median survival age of people living with CF (PwCF) to above 50 years 
old in many countries including Canada, USA, Australia, New Zealand, 
and some European countries[3,4].

Pulmonary infections, increased resting energy expenditure from 
respiratory effort, and food and nutrient malabsorption have typically 
resulted in increased energy requirements for PwCF [5]. International 
nutrient guidelines for PwCF have reflected this in consistently recom
mending increased energy intakes relative to estimated average re
quirements (EAR) [USA (preceding 2020) / Europe / Australia: 110–200 
% EAR [6–8]; USA (2020): 125 % EAR [9]]. Until recent years inter
national guidelines recommended a high energy, high fat diet with 
pancreatic enzyme replacement therapy, to meet body mass index (BMI) 
targets [6,8,10]. However, in 2020 up to date guidelines from the 
Academy of Nutrition and Dietetics suggest high fat diets are not ther
apeutic beyond meeting high energy targets, and PwCF should follow 
general population macronutrient guidelines [9]. Likewise, the latest 
European guidelines (2024) state that insufficient evidence is available 
to advise deviation from national recommendations on macronutrient 
balance [7].

Unfavourable dietary patterns are potentially placing PwCF at risk of 
developing cardiovascular disease, obesity and other morbidities asso
ciated with a poorer diet quality [11,12] in combination with VSTs. The 
most recent data registry report (2023) from the CF Registry of Ireland 
indicated that 43.6 % of Irish adult PwCF are overweight or obese [13] 
and increases in overweight / obesity have been attributed to the 
introduction of VSTs [14]. Research assessing weight and body 
compositional change and the use of ivacaftor [15–17], 
lumacaftor-ivacaftor [18,19], tezacaftor-ivacaftor [19] and 
ivacaftor-tezacaftor-elexacaftor [20–22] support this relationship. 
However, the increases in weight and BMI are likely through a combi
nation of factors, including mitigation of malabsorption and other 
metabolic processes that previously limited weight gain prior to VSTs, 
and the continuation of high caloric intakes [17]. A higher risk of major 
cardiac disease events have also been reported for adult PwCF compared 
to matched controls (hazard ratio: 1.75, 95 % Confidence Interval: 
1.59–1.92; p < 0.001) [23].

While historical dietary practices remain relevant for some PwCF, 
many should be encouraged to follow a healthier dietary pattern which 
focuses on diet quality as well as quantity [7]. Comparisons to national 
dietary guidelines can serve as a means of assessing diet quality, but 
alternatively, various metric tools have been developed to evaluate diet 
quality [24–26], providing a means of assessing and mapping overall 
diet quality to objective measures [27]. A previous systematic review 
highlighted a paucity of diet quality research amongst adult PwCF (n = 4 
studies) and where reported, diet quality was suboptimal with a lack of 
heterogeneity in measurement tools [28].

In a modulator era, the disease process has rapidly changed and the 
impact of diet on underlying pathogenic mechanisms is largely un
known. However, it is well established that diet quality can impact in
flammatory processes in other diseases [29–31]. Furthermore, with 
increases in life expectancy PwCF are becoming more at risk of devel
oping diet-related chronic diseases[32,33]. As such, subjective and 
objective dietary measures need to be assessed and considered in 
accelerating metabolic disease processes, similar to the non-CF popu
lation. With few studies investigating diet quality thoroughly and no 
research to date reporting Irish dietary intakes and patterns in adult 
PwCF in a post modulator era, this study will endeavour to provide a 
comprehensive evaluation of the dietary intakes and diet quality of Irish 
adult PwCF.

2. Methods

2.1. Study design and population

This observational, cross-sectional study is reported in accordance 
with STROBE guidelines [34]. Quantitative data were collected using 
demographic and self-reported health related questionnaires and an 
estimated three-day food diary (September 2020 - March 2023). Study 
material was available in digital and paper formats. Questionnaire data 
were collected and managed via the Electronic Data Capture system, 
Castor, Version 1.6 (Ciwit B.V., The Netherlands). The smartphone 
application, Libro, from the dietary analysis software, Nutritics, Version 
5.7 Research Edition (Nutritics Ltd.: Dublin, Ireland) [35] was used to 
gather three-day food diary data digitally. The study protocol [36] was 
approved by the University of Limerick Institutional Review Board and 
relevant hospital ethics committees, with all participants providing 
written informed consent.

2.1.1. Participant recruitment
The aim was to recruit between 70–100 adult PwCF using a conve

nience sampling method [37]. Recruitment was carried out through CF 
Ireland (patient advocacy organisation) membership forums and in CF 
centres / clinics. Dietitians initially forwarded a recruitment email to the 
centres / clinics mailing lists. Additionally, dietitians actively promoted 
the study at centre / clinic visits. One centre / clinic adopted a different 
approach due to a large number of PwCF attending. The dietitian 
actively pre-screened participants prior to contact via email or at centre 
/ clinic visits. All other participants were screened using a self-report 
questionnaire created in Microsoft Forms specifically designed to 
assess eligibility based on inclusion / exclusion criteria.

2.1.2. Participant eligibility
Inclusion criteria: Adults (≥18 years old) with a diagnosis of CF, living 

in Ireland. Exclusion criteria: Receiving enteral nutrition, following a 
prescription diet for another medical condition (e.g., coeliac disease), 
were pregnant or has previously received an organ-transplant. Adults 
must have been on a stable medical regimen for at least four weeks prior 
to commencing the study with no recent pulmonary exacerbations or 
administration of oral or intravenous antibiotics or glucocorticoids.

2.2. Assessment of dietary intake

Three-day food diary logs were used to evaluate dietary intakes and 
compliance to dietary guidelines. Once consent was obtained, partici
pants were instructed to use the Libro app to record all foods and bev
erages consumed over a three-day period. Although weighing of foods 
and fluids was not required, participants were asked to estimate portion 
sizes using common household measurements and to document the 
cooking methods used. Data were automatically exported to Nutritics for 
analysis, generating comprehensive daily and mean energy, macronu
trient, and micronutrient intake values using Nutritics, Ireland (2009 
Irish Food Composition Database). Food diaries underwent data quality 
integrity checks, ensuring that any implausible values (i.e., extreme 
calorie intakes or unrealistic food portions) were identified and 
addressed. Oral nutritional supplements were included in food logs as 
they can significantly contribute to energy and nutrient intakes [38]. 
Although the use of micronutrient supplements are commonplace in 
PwCF [7], contributions from micronutrient supplements were not 
included in the final dietary intake reports, to examine the sufficiency of 
micronutrient intakes through diet alone. Dietary intakes were evalu
ated by assessing adherence to appropriate CF-specific [7] and general 
population nutrition guidelines [39–42].

2.3. Calculating diet quality scores

The Healthy Eating Index – 2020 (HEI-2020) tool was used to 
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evaluate diet quality (Appendix 1). Although developed for the Amer
ican context, the HEI-2020 is a valuable tool for assessing diet quality, as 
it captures core nutritional components relevant to the Irish population, 
with its principles aligning with Irish dietary guidelines (i.e., promoting 
fruits, vegetables, whole grains, and lean proteins) [42], and previous 
versions have been effectively used to examine diet–health relationships 
in Irish cohorts [43,44]. Macronutrient and micronutrient intakes were 
quantified per 1000 kcals. Grams of food items were converted to 
appropriate serving equivalents (i.e., cup, ounce) using the Food Pattern 
Equivalent Database [45]. Thereafter, the simple Healthy Eating Index 
scoring algorithm was applied [46] and HEI-2020 scores were calculated 
ranging from 0–100, with higher scores indicating higher diet quality. A 
score between 0–59 is the lowest grade applicable to HEI-2020 indi
cating poor diet quality [26].

2.4. Statistical analysis

Statistical analysis was conducted with SPSS® Statistics for Win
dows, Version 29 (IBM Corp., Released 2022). Macronutrient and 
micronutrient intakes were quantified as absolute intake. Descriptive 
statistics were used to describe baseline characteristics of the cohort. 
Distribution of data was tested using the Kolmogorov Smirnov test of 
normality, where a significance of p > 0.05 identified data as normally 
distributed. Data were presented as means ± standard deviations, me
dian (interquartile range) and frequencies (n and %) where appropriate. 
Where variables were not normally distributed, variables were noted 
with an asterisk. Parametric and non-parametric tests (e.g., t-tests, 
ANOVA, Mann-Whitney U, Kruskal-Wallis) were applied to compare 
continuous variables, with post hoc tests used for specific comparisons 
where necessary. Pearson’s Chi-square was used to test differences be
tween categorical variables. Total diet quality scores and scores for each 
component of the score were calculated and compared between de
mographic groups using appropriate statistical tests as previously 
described. Significance is denoted as p < 0.05.

3. Results

3.1. Demographic and clinical characteristics

The demographic and clinical characteristics of participants are 
displayed in Table 1. Of N = 73 enrollees to the study, n = 1 participant 
submitted the demographic and self-reported health questionnaire 
partially completed. A total of n = 68 three-day food diaries were 
completed as part of this study. Reasons for food diaries being excluded 
included participants not returning the food diaries after three requests 
(n = 4), or food diaries being returned with insufficient information 
provided (n = 1). This resulted in n = 68 HEI-2020 scores being 
generated.

The mean age of participants was 35.2 ± 10.1 years (female: 58.8 
%). The median BMI was 24.3 ± 4.2 kg/m2 with male participants 
having a significantly higher BMI compared to female participants (p <
0.001). The proportion of individuals classified as overweight or obese 
(World Health Organisation cut-off: ≥25 kg/m2) [47] was 36.8 %, with 
significantly more male participants (57.1 %) classified as overweight or 
obese (female: 22.5 %, p = 0.027). A total of 77.6 % of participants 
reported pancreatic insufficiency (PI) and 28.4 % reported CF-related 
diabetes. The mean predicted percentage forced expiratory volume 
(FEV1%) was 77.4 ± 25.1 % and 80.6 % of participants reported taking 
modulators at the time of the study.

3.2. Dietary intakes

3.2.1. Energy, macronutrient, and micronutrient intakes
The energy, macronutrient, micronutrient, and food serve intakes for 

the cohort are displayed in Table 2. The median energy intake for par
ticipants was 2281.8 (906.7) kcals/day and median percentage EAR was 

Table 1 
Demographic and clinical characteristics of Irish adults living with CF who 
participated in this cross-sectional study.

All (N ¼
68)

Male (n ¼
28)

Female (n ¼
40)

p- 
value

Age (y) (range: 19–68) 35.2 ±
10.1

37.3 ± 10.5 33.7 ± 9.7 0.150

BMI (kg/m2) 23.5 (3.9) 25.3 (4.2) 22.3 (3.4) <0.001
BMI Classification n 

(%)*,~
​ ​ ​ 0.027

Underweight (<20) 1 (1.5) 0 (0.0) 1 (2.5) –
Normal (20–24.9) 42 (61.8) 12 (42.9) 30 (75.0) –
Overweight (25–29.9) 21 (30.9) 14 (50.0) 7 (17.5) –
Obese (≥30) 4 (5.9) 2 (7.1) 2 (5.0) –

n ¼ 67 n ¼ 39

FEV1% 77.4 ± 25.1 76.5 ± 26.7 78.1 ± 24.2 0.801
FEV1% Categories n(%) ​ ​ ​ 0.880
<40 % 6 (9.0) 3 (10.7) 3 (7.7) –
40–69.99 % 17 (25.4) 8 (28.6) 9 (23.1) –
70–79.99 % 9 (13.4) 3 (10.7) 6 (15.4) –
≥80 % 35 (52.2) 14 (50.0) 2 (53.8) –
Hospital Admission ​ ​ ​ –
Since last admission (days)* 832 

(1093.0)
985.0 
(952.8)

773.0 
(1143.0)

0.247

Last admission length 
(days)*

14.0 (9.0) 13.0 (8.5) 14.0 (10.0) 0.964

Admitted in last year n(%) 48 (70.6) 23 (82.1) 25 (64.1) 0.106
Highest Education n(%) ​ ​ ​ 0.507
Secondary level 9 (13.4) 3 (10.7) 6 (15.4) –
Third level‡ 39 (58.2) 15 (53.6) 24 (61.5) –
Postgraduate level 19 (28.4) 10 (35.7) 9 (23.1) –
Income Status n(%) ​ ​ ​ 0.003
Full income 29 (43.3) 19 (67.9) 10 (25.6) –
Part-time income 13 (19.4) 3 (10.7) 10 (25.6) –
No work-based income 25 (37.3) 6 (21.4) 19 (48.7) –
Area of Living n(%) ​ ​ ​ 0.061
City 27 (40.3) 15 (53.6) 12 (30.8) –
Town 11 (16.4) 6 (21.4) 5 (12.8) –
Village 8 (11.9) 3 (10.7) 5 (12.8) –
Countryside 21 (31.3) 4 (14.3) 17 (43.6) –
Living Situation n(%) ​ ​ ​ 0.512
Living alone 7 (10.4) 4 (14.3) 3 (7.7) –
Living with housemates 13 (19.4) 4 (14.3) 9 (23.1) –
Living with family/relatives 47 (70.1) 20 (71.4) 27 (69.2) –
Clinical Characteristics 

n(%)
​ ​ ​ ​

Pancreatic insufficiency 48 (71.6) 22 (78.6) 26 (66.7) 0.286
CF-related diabetes 19 (28.4) 9 (32.1) 10 (25.6) 0.790
GORD 16 (23.5) 7 (25.0) 9 (23.1) 0.856
CF-related liver disease 8 (11.8) 6 (21.4) 2 (5.1) 0.050
CF-related bone disease 6 (9.0) 1 (3.6) 5 (12.8) 0.191
Medication / Supplement Use n(%)†

VSTs 54 (80.6) 20 (71.4) 34 (87.2) 0.108
Antibiotics 35 (52.2) 17 (60.7) 18 (46.2) 0.239
Mucolytics 13 (19.4) 6 (21.4) 7 (17.9) 0.722
Bronchodilators 27 (40.3) 12 (42.9) 15 (38.5) 0.718
Insulin 19 (28.4) 9 (32.1) 10 (25.6) 0.560
Steroids 10 (14.9) 7 (25.0) 3 (7.7) 0.054
Fat-soluble vitamins 57 (85.1) 22 (78.6) 35 (89.7) 0.179
Oral Nutritional 

Supplements
10 (14.7) 6 (21.4) 4 (10.3) 0.179

Parametric variables are presented as mean ± SD and non-parametric variables 
as median (interquartile range).
P-values presented were derived with chi-square tests, independent sample t- 
tests and ANOVA tests (Non-parametric: Mann Whitney U and Kruskal-Wallis 
tests).
Significance derived from a p-value of <0.05.

* Non-parametric test.
~ World Health Organisation cut-off values [47].
† Chronic medications and supplements used on a regular basis.
‡ University, college or vocational education. 

Abbreviations: BMI, body mass index; FEV1%, percentage of predicted force 
expiratory volume for age, sex, ethnicity, and height; GORD, gastro-oesophageal 
reflux disease; VSTs, variant-specific therapies; SD, standard deviation.
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reported as 110.1 (45.3) %, with 50.0 % of participants not achieving 
the minimum requirement for PwCF (110 % EAR) [7] (Appendix 2). The 
mean percentage of total energy intake (%TEI) from carbohydrates and 
protein were reported as 44.1 ± 6.5 % and 18.0 ± 3.9 %, respectively. A 
total of 72.1 % of participants were above the general population dietary 
reference value (DRV) for %TEI fat (20–35 %TEI) [39] (Appendix 2).

The mean %TEI total sugar and saturated fat were above heart health 

guidelines [41] and fibre intakes were insufficient relative to general 
population DRV (25 g/day), as were intakes (without micronutrient 
supplementation) for fat-soluble vitamins D, E, and K1 [39]. Vitamin A 
and calcium intakes were sufficient relative to DRVs [39]. Furthermore, 
the median intake of iron was suboptimal in female participants relative 
to gender-specific guidelines (16 µg), with the median iron intake for 
male participants meeting the reference intake value (11 µg) [39].

Table 2 
Energy, macronutrient, micronutrient, and food serve intakes of Irish adults with CF who participated in this cross-sectional study.

Nutrient Measure All (n ¼ 68) Male (n ¼ 28) Female (n ¼ 40) p-value Recommended Intakes

Male Female

Energy (kcal)* 2281.8 (906.7) 2456.7 (1122.5) 2157.0 (788.8) 0.050 2200–5000a 1980–4000a

% EAR*,† 110.1 (45.3) 109.2 (49.9) 113.5 (41.5) 0.770 110–200a

Carbohydrates (g)* 248.5 (101.0) 256.3 (102.8) 236.9 (78.0) 0.105 -
%TEI carbohydrates 44.1 ± 6.5 43.9 ± 7.1 44.3 ± 6.1 0.814 45–60
Protein (g) 107.2 ± 36.4 117.9 ± 33.4 99.6 ± 36.8 0.040 -
%TEI protein 18.0 ± 3.9 18.8 ± 4.5 17.5 ± 3.4 0.167 15–20b

Fat (g) 100.4 ± 37.2 103.2 ± 28.0 98.5 ± 42.6 0.610 -
%TEI fat 37.1 ± 5.4 36.3 ± 5.2 37.7 ± 5.5 0.302 20–35
Fibre (g) 23.0 ± 9.0 22.8 ± 7.9 23.0 ± 9.8 0.924 25
Total sugar (g)* 98.2 (57.05) 102.3 (59.7) 97.3 (60.6) 0.462 as low as possible
%TEI total sugar 17.4 ± 5.6 17.2 ± 5.5 17.5 ± 5.8 0.799 <10c

Free sugar (g)*,~ 33.8 (36.7) 43.0 (25.8) 29.4 (42.4) 0.079 as low as possible
%TEI free sugar* 6.0 (4.2) 6.9 (3.4) 4.7 (6.0) 0.121 <5d

Saturated fats (g) 38.1 ± 15.8 38.7 ± 12.5 37.7 ± 17.9 0.804 as low as possible
%TEI saturated fat 14.1 ± 3.3 13.6 ± 3.2 14.4 ± 3.4 0.365 <10c

Monounsaturated fat (g) 31.3 ± 15.8 33.7 ± 13.7 29.6 ± 17.0 0.296 –
%Fat Monounsaturated 30.4 ± 8.0 31.2 ± 7.9 29.1 ± 7.9 0.905 –
Polyunsaturated fat (g) 12.1 ± 6.3 12.2 ± 5.2 12.0 ± 7.1 0.113 –
%Fat Polyunsaturated 11.8 ± 3.8 11.7 ± 3.4 11.8 ± 4.1 0.874 –
Omega 3 (n-3) (g)* 0.96 (1.5) 1.0 (1.3) 0.9 (1.6) 0.695 –
Omega 6 (n-6) (g)* 4.7 (6.1) 5.9 (5.0) 4.2 (6.2) 0.363 –
Sodium (mg)* 2657.4 (1256.6) 2717.5 (1409.8) 2650.2 (1287.0) 0.737 2000e

Calcium (mg) 1066.7 ± 494.6 1201.9 ± 465.0 972.1 ± 498.3 0.059 18–25 years: 1000 
>25 years: 950

Iron (mg)* 11.3 (7.9) 13.6 (7.0) 9.3 (6.9) 0.095 11 16
Zinc (mg) 11.0 ± 4.9 12.6 ± 4.9 9.8 ± 4.6 0.019 9.4–16.3 7.5–12.5
Vitamin A (ret. eq.) (µg)* 936.6 (1005.2) 846.8 (1189.7) 943.7 (951.7) 0.891 750f 650f

Vitamin D (µg)* 3.6 (4.3) 4.0 (4.8) 3.6 (3.6) 0.751 15f

Vitamin E (mg) 9.6 ± 5.2 9.9 ± 4.2 9.4 ± 5.8 0.667 13f 11f

Vitamin K1 (µg)* 31.1 (71.2) 31.0 (77.3) 31.1 (65.1) 0.955 70f

Vitamin C (mg)* 87.5 (98.4) 104.1 (123.0) 84.5 (98.9) 0.370 110 95
Food Serves (serves / day)g

Vegetables, salad & fruit 3.5 ± 2.5 3.4 ± 2.2 3.6 ± 2.6 0.695 5–7
Grains‡ 3.6 ± 1.3 3.9 ± 1.4 3.4 ± 1.1 0.134 3–5h

Milk, yoghurt & cheese* 2.7 (2.3) 2.7 (2.6) 2.7 (2.2) 0.818 3
Protein foods*,§ 3.0 (2.7) 3.3 (2.1) 2.8 (1.6) 0.101 2
Fats, spreads & oils 4.1 ± 2.9 4.0 ± 3.0 4.2 ± 2.8 0.763 very small amounts
EDNP foods*,|| 5.1 (4.7) 5.2 (4.6) 4.5 (4.6) 0.485 not every day

Parametric variables are presented as mean ± SD and non-parametric variables as median (interquartile range).
P-values were derived with independent sample t-tests (Non-parametric: Mann Whitney U test).
Significance derived from a p-value of <0.05.
Guideline intakes are EFSA general population dietary reference values [39] unless stated otherwise.
Calcium, iron, zinc, vitamin A and C recommended intakes are derived from EFSA population reference intake values.
Vitamins A, E, and K recommended intakes are derived from EFSA adequate intake values.

* Non-parametric test.
~ Free sugars refer to sugars added to foods as well as sugars naturally present in honey, syrups, and fruit juices. It excludes sugars found in whole fruits and 

vegetables [40].
† Derived from the average energy intake recommendations (female: 1800–2000 kcal/day, male: 2000–2500 kcal/day) provided by Healthy Ireland [42].
‡ Wholemeal cereals and breads, potatoes, pasta, and rice.
§ Meat, poultry, fish, eggs, beans and nuts.
|| Foods and drinks high in fat, sugar and salt.
a Derived from ESPEN-ESPGHAN-ECFS CF-specific nutrition guidelines [7].
b Derived from Academy of Nutrition and Dietetics CF-specific nutrition guidelines [9].
c Derived from the Irish Heart Foundations nutrition guidelines for heart health [41].
d Derived from World Health Organisation nutrition guidelines [40].
e CF-specific nutrition guidelines recommend supplementing in stress situations when excessive sweating is expected (i.e., fever, exercise/sports, hot weather) [7].
f CF-specific nutrition guidelines recommend to always take a supplement on top of recommended intakes [7].
g Derived from Healthy Ireland guidelines [42].
h Up to 7 serves per day for men 19–50 years old. 

Abbreviations: % EAR, percentage estimated average requirement; %TEI, percentage of total energy intake from; ret. eq., retinol equivalent; SD, standard devi
ation; EDNP, Energy-Dense Nutrient Poor; EFSA, European Food Safety Authority; CF, Cystic Fibrosis.
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3.2.2. Food serve intakes
In relation to food groups, mean serves of vegetables, salad and fruit 

were suboptimal with 76.5 % of participants not meeting the Irish food 
based dietary guidelines [42]. Mean serves of fats, spreads and oils, and 
median serves of protein foods and EDNP foods exceeded guidelines 
with 80.9 % of participants overconsuming fats spreads and oils, 67.6 % 
overconsuming protein foods, and 95.6 % overconsuming EDNP foods 
(Appendix 2) [42]. Compared to Irish food based dietary guidelines 
[42], mean serves of grains and median serves of milk, yoghurt and 
cheese were sufficient.

3.3. Diet quality scores

The mean HEI-2020 score was 59.3 ± 12.4. Participants with a 
FEV1% above the mean value had significantly higher HEI-2020 diet 
quality scores (62.8 ± 11.2, p = 0.009) and total fruits [3.0 (3.0), p =
0.017] and whole fruits [4.5 (4.0), p = 0.025] component scores 
compared to participants below the mean FEV1% [HEI-2020: 54.8 ±
12.9; total fruits: 1.0 (1.0); whole fruits: 1.0 (3.0)] (Table 3). Further 
subgroup analysis (i.e., gender, FEV1%, BMI classification, PI status, 
modulator use) of dietary intakes, food serves and diet quality can be 
found in Appendix 3.

4. Discussion

This study provides a comprehensive evaluation of dietary intakes of 
adult PwCF, presenting findings that are theoretically relevant for future 
nutrition practices, guidelines, and interventions. This study uniquely 
examines diet quality in a European context, where environmental in
fluences on diet and food choice may differ to that of previous research 
assessing diet quality in CF from other regions [48–52]. The results 
indicate that the diets of Irish adults with CF are inadequate to meet 
their health needs and may place them at risk of adverse metabolic 
outcomes.

While the median percentage EAR of adult PwCF is within the range 
recommended by the European CF-specific nutrition guidelines [7], 50 
% of participants have percentage EAR below this recommendation. A 
recent systematic review (N = 19 cohorts) evaluating the dietary intakes 
and diet quality of adult PwCF worldwide (N = 724) observed that of 
studies that reported percentage EAR (n = 9), based on mean and me
dian intake data most cohorts were achieving the recommendation (n =
9). However, most studies in this review were from a pre-modulator era, 
with no study in the systematic review provided information on the 
percentage of participants in each cohort achieving the recommendation 
[28]. The low percentage of individuals in this study meeting the EAR 
target may be attributed to the use of modulator therapy, whereby the 
population requires less energy intake than before to maintain their BMI 
[7]. As a result, they may be consuming fewer calories overall, which is 
further highlighted by the fact that only one participant in this study is 
classified as underweight. However, the limited data available from 
previous research makes it difficult to confirm this hypothesis defini
tively. Furthermore, the current study also aligns with the findings 
presented in Greaney et al. [28] in relation to mean and median 
macronutrient and micronutrient intake distributions, with %TEI fat, 
saturated fat and sugar all above nutrition recommendations[39,41], 
fibre and fat soluble vitamin D, E and K1 intakes suboptimal compared to 
DRVs [39] and %TEI protein sufficient alongside intakes of calcium, and 
zinc relative to age and gender specific reference intakes [39]. However, 
results differ in that the group mean %TEI carbohydrates is below 
guideline recommendations [39], while in Greaney et al. [28], 80 % of 
cohorts were achieving recommendations. In a representative sample of 
the Irish general population the Irish National Adult Nutrition Survey II 
reflected similar consumption patterns in relation to mean %TEI car
bohydrates, protein, fat, total sugar and saturated fat [53].

High fat intakes are likely a result of ingrained and life-long dietary 
practices amongst PwCF, with long-standing clinical practice being to 
prescribe a diet high in energy and fat alongside pancreatic enzyme 
replacement therapy to achieve gender-specific BMI targets [8]. This has 
been suggested in other research assessing intakes amongst children 
living with CF where significantly higher EDNP food intakes were re
ported compared to controls, largely contributing to higher %TEI fat and 
energy intakes [54]. VSTs are now an established part of the manage
ment plan for many PwCF leading to significant changes in energy 
intake needs due to better lung function and nutrient absorption 
[55–58]. In light of the Academy of Nutrition and Dietetics recom
mendation that high fat diets are not therapeutically beneficial beyond 
meeting high energy targets [9], it may be timely to reconsider tradi
tional dietary priorities for this population in line with the latest Euro
pean CF-specific nutrition guidelines which advise that most PwCF 
follow similar macronutrient targets to general population nutrition 
guidelines [7]. However, higher energy intakes may still be required for 
specific patients (e.g., PI, low FEV1%, BMI <20 kg/m2, CF liver disease, 
etc.) highlighting that a more individualised approach to dietary advice 
is necessary in optimising the health and wellbeing of all PwCF.

Poor diet quality is reflected in food group consumption patterns, 
with a disproportionally high intake of EDNP foods and fats, spreads and 
oils recorded, alongside suboptimal intakes of vegetables, salad and fruit 
[42], aligning with inadequacies presented for micronutrient intakes (i. 
e., iron, vitamin D, E, K1 and C). The reliance on EDNP foods amongst 

Table 3 
HEI-2020 diet quality score and associated component scores in Irish adults with 
CF who participated in this cross-sectional study below and above the mean 
FEV1% for the cohort.

Diet Quality 
Measure

All (n 
¼ 68)

Below Mean 
FEV1% (n ¼ 29)

Above Mean 
FEV1% (n ¼ 38)

p- 
value

HEI-2020 Score 
(0–100)

59.3 ±
12.4

54.8 ± 12.9 62.8 ± 11.2 0.009

HEI-2020 
Component 
Scores*

​ ​ ​ ​

Total Fruits (0–5) 2.0 
(2.8)

1.0 (1.0) 3.0 (3.0) 0.017

Whole Fruits (0–5) 3.0 
(4.0)

1.0 (3.0) 4.5 (4.0) 0.025

Total Vegetables 
(0–5)

4.0 
(2.0)

4.0 (2.0) 5.0 (2.0) 0.167

Greens & Beans 
(0–5)

3.0 
(3.8)

2.0 (4.5) 3.5 (3.0) 0.131

Wholegrains (0–10) 5.0 
(5.0)

4.0 (6.5) 5.0 (4.3) 0.665

Dairy (0–10) 6.0 
(5.0)

5.0 (4.5) 7.0 (6.0) 0.206

Total Protein (0–5) 5.0 
(1.0)

5.0 (1.0) 5.0 (1.0) 0.475

Seafood & Plant 
Protein (0–5)

3.0 
(5.0)

3.0 (5.0) 3.5 (3.3) 0.163

Refined Grains 
(0–10)

8.0 
(4.0)

8.0 (4.5) 8.5 (4.0) 0.572

Added Sugar (0–10) 10.0 
(2.0)

9.0 (4.5) 10.0 (1.0) 0.173

Sodium (0–10) 9.0 
(3.0)

8.0 (4.0) 10.0 (3.0) 0.059

Saturated Fat (0–10) 3.0 
(4.0)

3.0 (5.5) 4.0 (4.0) 0.406

Fatty Acid (0–10) 0.0 
(3.0)

1.0 (3.0) 0.0 (3.3) 0.146

Parametric variables are presented as mean ± SD and non-parametric variables 
as median (interquartile range).
Mean FEV1%: 77.4 ± 25.1 %.
Of participants who completed the three-day food diary, n = 1 did not report 
their FEV1%.
P-values were derived with independent sample t-tests (Non-parametric: Mann 
Whitney U test).
Significance was derived from a p-value of <0.05.

* Non-parametric test. 
Abbreviations: FEV1%, forced expiratory volume as a percentage predicted; 

HEI-2020, Healthy Eating Index 2020; SD, standard deviation.
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PwCF has been replicated in previous research in both adult [50,51] and 
child CF populations [54]. With sustained intakes of EDNP foods closely 
associated with the development of diet-related chronic diseases in the 
general population [59], for many PwCF there is a necessity in reba
lancing current intake patterns for the betterment of overall health and 
longevity. However, this pattern of eating is not exclusively present in 
PwCF, with various national dietary surveys displaying that similar di
etary structures are present in the general population [53,60,61]. PwCF 
live in the same obesogenic environments [62] as the general population 
and experience the same marketing and commercial influences that 
encourage EDNP foods which can powerfully affect food choice [63–65]. 
Adherence to nutrition guidelines in the general population have 
sequentially proven difficult to achieve due to these intrinsic and 
extrinsic factors [66–68]. Where once, emphasis may not have been 
placed on this, in the CF modulator era, where BMI and metabolic 
syndromes are increasing [14,23], education and guidance is needed to 
promote healthier alternatives for PwCF. With the latest European CF 
nutrition guidelines advocating for more healthy dietary pattern con
sumption [7], the development of effective strategies for instilling di
etary changes towards the achievement of a high-quality diet are 
warranted. Therefore, future research should aim to assess the enablers 
and barriers for PwCF to achieve the recommended food serves or di
etary patterns promoted over the course of updated guideline 
implementation.

The mean HEI-2020 score achieved by participants falls within the 
lowest grade applicable (HEI-2020: 0–59) when compared to evaluation 
criteria [26], further indicating poor diet quality in Irish adult PwCF. 
This aligns with previous research in adult PwCF evaluating diet quality 
via the Healthy Eating Index – 2015 (HEI-2015) [48,49], which addi
tionally reported significantly worse mean diet quality scores compared 
to the population level mean score (HEI-2015 score: 59, p < 0.0001)[60] 
and an age-matched control group (63.9 ± 27.3, p < 0.001) [49]. The 
most recent HEI-2020 scores reported for adults in the USA (19–30 
years: 55.3; 31–59 years: 55.3; ≥60 years: 59.5) similarly are within the 
lowest HEI-2020 grade, but score notably lower in ages 19–59 years 
[27]. Furthermore, in a healthy population of adults in the USA (n =
6614, 30–74 years old), higher HEI-2015 diet quality scores were 
associated with significantly lower predicted 10-year cardiovascular 
disease risk and lower heart age, highlighting the importance of diet 
quality in lowering the risk of adverse cardiometabolic complications 
[69]. In the absence of evidence suggesting that higher-quality diets are 
ineffective for PwCF, similar dietary principles could be effectively 
applied within this population.

Examining the relationship between diet quality and lung function in 
adult PwCF, participants with a higher FEV1% have significantly higher 
HEI-2020 diet quality scores, alongside significantly higher HEI-2020 
total fruits and whole fruits component scores. Additionally, partici
pants below the mean FEV1% have a mean HEI-2020 score that falls 
within the lowest grade applicable to the index, with those above the 
mean FEV1% achieving a mean HEI-2020 score above this classification. 
The results display that increases in FEV1% appear to coincide with 
better diet quality, likely through increased intakes of fruits and fibre in 
individuals with higher FEV1%. While the data indicate a significant 
difference between those above and below the mean FEV1%, the clinical 
implications of these findings remain unclear. Caution is warranted in 
interpreting these results, as it should not be assumed that all PwCF with 
a higher FEV1% have better diet quality. Consequently, a more thorough 
investigation of the relationship between diet quality and FEV1% is 
needed to draw appropriate conclusions.

The use of a diet quality score within CF contexts may be advanta
geous moving forward in creating and measuring effects of future 
nutrition interventions and practices on disease progression and meta
bolic risk factors and may enable a deeper understanding of diet in CF 
patients beyond nutrient and food group intake data. However, utilising 
the HEI-2020 requires significant effort and can be quite time- 
consuming, making it challenging to implement broadly in clinical 

environments with strict time limitations. In these settings, a more 
fitting strategy to assess diet quality may be to continue evaluating di
etary intakes against established national and regional nutrition 
guidelines.

This study presents a sample size larger than any assessing dietary 
intakes of adult PwCF from one country, with only Moen et al. [70] (n =
136), surpassing the number of participants involved when including 
studies which assessed dietary intakes of PwCF across multiple nations. 
Although imbalances related to PI status and modulator use were pre
sent, proportions are considered clinically representative, and based on 
projections for BMI, FEV1% and other relevant clinical endpoints in 
registry data, the cohort is representative of the overall well population 
of PwCF moving forward [14] as well as many CF cohorts in Europe, 
Australia and USA [14,71,72]. While a subset of participants were not on 
CFTR modulators, exploratory comparisons suggested that their inclu
sion did not skew the overall findings (Appendix 3). However, the 
sample size disparity between those on and not on modulators should be 
acknowledged, and future studies may benefit from stratified recruit
ment or subgroup analysis to examine dietary differences by modulator 
status more robustly. While it must be recognised that the sample size in 
this study is still not representative, it is important to acknowledge that a 
wide and strategic recruitment process was employed. For future 
studies, achieving a larger and more representative sample may require 
broader recruitment across countries with similar habitual dietary pat
terns (e.g., the UK and Northern Europe), continued use of both online 
and paper-based data collection methods, and benchmarking participant 
characteristics against CF registry data. Additionally, recognition of the 
time commitment required from participants in completing detailed 
dietary assessments may be important to enhance engagement and 
retention. Furthermore, proportions of females in this population are 
higher than the most recent Irish registry data report (43.6 %) [14] 
which may have impacted results based on typical differences observed 
in dietary intakes between males and females [53]. Data were collected 
using self-report measures which have limitations in terms of recall bias 
and the reporting of conditions like CF bone and liver disease may have 
been subject to misclassification bias due to variations in how these 
conditions were defined. Data were not collected on date of diagnosis, 
mutation type, and the specific VSTs used by each participant. There
fore, assessment of dietary intakes and quality against diagnosis stage 
and comparisons of dietary intakes and quality between mutations and 
type of VSTs were not possible. Lastly, contributions from micronutrient 
supplements were not included. However, the primary focus was to 
assess dietary intake sufficiency without the influence of supplements to 
provide a more explicit picture of diet quality and adherence to dietary 
guidelines specifically from food sources.

It is clear from this cross-sectional study that the diet quality of adult 
PwCF is suboptimal, with misalignments in macronutrient, micro
nutrient, and food group intakes relative to CF-specific, national, and 
European guidelines. While the cohort displayed clinical measurements 
representative of an overall well CF population, many did not meet CF- 
specific minimum energy requirements despite a significant proportion 
of food eaten coming from the EDNP food category, which contributed 
to excesses in %TEI fat, saturated fat, and sugar. With current dietary 
patterns in CF linked to diet-related chronic diseases in the general 
population and rising incidences amongst PwCF, emphasis on diet 
quality is of paramount importance. Future research should validate 
HEI-2020 in a representative CF sample size and explore barriers to 
dietary changes. Important factors to consider include clinical equipoise, 
food insecurity and the time and treatment burdens PwCF face. While 
changing ingrained dietary habits is complex, understanding these 
barriers will be essential for developing patient-informed nutrition 
guidelines and interventions tailored to the unique challenges of this 
population.
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