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INTRODUCTION

Methods: In this cross-sectional descriptive study, we assessed polypharmacy
and calcium channel blocker and diuretic co-prescribing suggesting a prescrib-
ing cascade in patients aged >65 years from five international secondary data-
bases: population-level community and nursing home (ICES, Maccabi
Healthcare Services), clinical trial (SENATOR), and patient registry (Report-
AGE, SHELTER). The intersection of age, sex, and gender was explored.

Results: All databases provided age and sex; none included gender-identity
data. Gender-related sociocultural factors, socioeconomic status (SES) mea-
sured as income and educational attainment, and marital status were not uni-
formly collected. Compared with males, females had lower income, has less
educational attainment, and were more frequently widowed. Polypharmacy
was more common in men. Co-prescribing suggesting a prescribing cascade
was more frequent in females in four databases and was also more frequent in
lower SES and unmarried groups (significant in ICES (community and nursing
home) and Maccabi (community), with a nonsignificant trend in Maccabi
(nursing home) and three remaining databases). Using two population-level
databases, the prevalence of co-prescribing suggesting a prescribing cascade
was highest among females 85 years and older who were also in the lower SES
group (11.0% ICES and 14.6% Maccabi). Gender disparity was highest in this
group (ICES
Prevalence = 3.8%).

Differential  Prevalence = 3.0%, Maccabi Differential
Conclusion: Older adults with lower SES experienced polypharmacy or co-
prescribing suggesting a prescribing cascade more frequently than those with
higher SES. Within the lower SES groups, females more frequently than males
had evidence of co-prescribing suggesting a prescribing cascade. Considering
the role of sex and gender-related sociocultural factors may help to better
understand some contributors to polypharmacy and prescribing cascades. The

research applications are highlighted in our five lessons learned.

KEYWORDS

age, gender, polypharmacy, prescribing cascades, sex

chronic health conditions® that may require pharmaco-
therapy, making its optimization for females particularly

Improving drug prescribing and reducing medication-
related harm by addressing polypharmacy is the focus of
global efforts, including the Medication without Harm ini-
tiative'* led by the World Health Organization. The ini-
tiative's lack of consideration of the impact of age, sex,
and gender on polypharmacy represents a missed oppor-
tunity to optimize prescribing interventions for older
adults. Age- and sex-related differences due to drug phar-
macokinetics and pharmacodynamics have been well
documented.” Females are more likely than males to
experience adverse drug events (ADEs)*>™ and their inci-
dence increases with age.>” Additionally, older females
are more likely than older males to develop multiple

important. Females are also more likely than males to
experience potentially inappropriate prescribing contrib-
uting to problematic polypharmacy,”'" further increas-
ing their ADE risk and negative health-related
outcomes.”'>!3 Yet, few studies have considered the role
of gender-related sociocultural factors on polypharmacy
or prescribing cascades,'® important contributors to
potentially inappropriate prescribing.'®** As such,
descriptive epidemiology plays an important role in
describing these factors.'>'®

Biological sex and gender-related sociocultural vari-
ables are important modifiers of health and disease.'’
Although sex (typically categorized as male and female)
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is more consistently collected and considered in research,
gender—a complex sociocultural construct—is less often
considered. This is in part because self-reported gender
has often not been collected in routine health data. None-
theless, there are opportunities to explore gender by
examining the intersection between sex, age, and gender-
related sociocultural factors that may be already collected
in databases and are under-utilized by researchers. This
approach provides an opportunity to consider how gen-
der may contribute to differences observed between
males and females in drug prescribing. At its most sim-
plistic, gender refers to one's sense of identity as a man,
woman, or nonbinary individual. The Jhpiego frame-
work'® characterizes gender as a complex construct,
involving dimensions beyond identity to include gender-
related roles and relations, in addition to institutionalized
gender.'” Some examples include caregiving responsibili-
ties (gender roles), marital status (gender relations), and
socioeconomic status (SES) (institutionalized gender) but
does not adequately consider gender variation by age.
This multidimensional nature of gender makes it chal-
lenging to evaluate in research.

In this descriptive study, we aimed to assess the
influence of age, sex, and gender on drug prescribing
in older adults and create lessons learned about the
importance of including these data, in research. We
used five international secondary databases and data
triangulation methodology to explore the inter-
section of these factors with polypharmacy and a
potential prescribing cascade, both risks for potentially
inappropriate prescribing.

METHODS

Through the international GenderNet-funded iKAS-
CADE project,” in collaboration with academic geriatri-
cians from six countries, we triangulated data by bringing
together five secondary databases to explore common
patterns of polypharmacy and a potential prescribing cas-
cade, through an age, sex, and gender lens. Data triangu-
lation is a relatively recent research approach where
multiple data sources are brought together to address a
common question.”' Most frequently used in qualitative
research, triangulation is also applied to quantitative
data, and provides the opportunity to corroborate find-
ings and identify patterns from different data types and
sources, thereby increasing the generalizability of the
study results. Each investigator conducted descriptive
analyses of their data and provided summary tabular
form data. This study followed the “Items That Should be
Included in Reports of Descriptive Studies” modeled after
the Strengthening the Reporting of Observational Studies

Key points

« Gender was inconsistently measured in sec-
ondary databases; when measured, older
women were of lower SES than older men.

e Older adults in lower SES groups based on
income or educational attainment more fre-
quently experienced polypharmacy or co-
prescribing suggesting a prescribing cascade
than those in higher SES groups.

« Within lower SES groups, females had evi-
dence of co-prescribing suggesting a prescrib-
ing cascade more often than males.

Why does this paper matter?

Understanding the role that gender-related socio-
cultural factors play, in addition to age and sex, is
important for research in general, and specifically
research designed to optimize prescribing in
older people as outlined in our five lessons
learned.

in Epidemiology reporting guidelines for cross-sectional
studies (see Supplementary Table S1)."°

Database description

Five secondary databases, describing older adults and
their prescribed drug therapies, were provided by our
iKASCADE partners from Belgium, Canada, Ireland,
Israel, Italy, and the United States.*” Two population-
level databases provided separate data for the community
and nursing home setting including ICES (formerly Insti-
tute for Clinical Evaluative Sciences) and the Maccabi
Healthcare Services database. ICES provided population-
level data on the 2,377,885 older adults in Ontario,
Canada,” using Ontario’s Registered Persons Database
(RPDB). The RPDB provides basic demographic informa-
tion for registrants of the province’s universal, publicly
funded healthcare system. ICES is an independent, non-
profit research institute whose legal status under Ontar-
io’s health information privacy law allows it to collect
and analyze health care and demographic data, without
consent, for health system evaluation and improvement.
Administrative healthcare databases were linked using
unique encoded identifiers and analyzed at ICES. The
Maccabi Healthcare Services database provided
population-level data from their 289,994 older healthcare
recipients in Israel.”> Two patient registry databases
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provided data: Report-AGE provided data from 6737
older adults with multimorbidity and polypharmacy
admitted to a geriatric hospital** in Italy and SHELTER
provided data from 3966 residents living in one of
57 nursing homes in Europe.*® One clinical trial database
from the SENATOR project®® provided data on 1537 hos-
pitalized older adults with multimorbidity in six
European medical centers. Supplementary Table S2
describes these databases, types of data, number of
included individuals, location and description, the princi-
pal investigator, the index date used, and ethics approval
details. We selected the index date of January 1, 2020, for
the population-level data because it precedes COVID-19.
The index dates for the remaining databases were defined
as the date of the respective hospital or nursing home
admission.

Variables

Age and sex data were extracted. Older adults were
defined as those 65 years of age and older. Age was cate-
gorized into 65-74, 75-84, and 85 years of age or older.
Sex was identified as male or female only. Gender non-
binary status data were collected.

Steps were taken to ensure harmonization of the data
variables. To identify gender-related sociocultural vari-
ables, we followed three steps. First, investigators dis-
cussed the possible gender-related sociocultural variables
available from their respective databases. Second, a
framework for the classification of the gender-related
sociocultural variables was identified.'® This framework
considered gender in three ways: (1) gender-related iden-
tity (man, woman, nonbinary”’), (2) gender roles and
relations,”®* and (3) institutionalized gender, referring
to the ways that health and social care systems and insti-
tutions perpetuate gender inequities. Third, investigators
identified the gender-related sociocultural variables in
their respective databases that aligned with this frame-
work. Supplementary Table S3 summarizes the gender-
related sociocultural variables, their definition, and the
database where these data were found. Institutionalized
gender data, measured as SES, were available from the
ICES population-level database based on income,
the Maccabi population-level database based on SES clus-
ters, and the SENATOR clinical trial database based on
educational attainment. In the ICES database, lower SES
was identified by eligibility for a low-income subsidy
from the Ontario Drug Benefit program,® defined as an
annual income of $19,300 (Canadian) or less per individ-
ual or a combined annual income of $32,300 (Canadian)
or less per couple.

In the Maccabi Healthcare Services database, SES was
classified into clusters from 1 to 10, with 1 symbolizing
very low and 10 very high SES status. Residences in clus-
ters 1-3 were categorized as lower SES status. In the
SENATOR database, educational attainment was classi-
fied as no school/primary only, secondary, or third level.

Gender-related roles and relations data, measured as
marital status, were available in the Report-AGE and
SHELTER databases. Marital status classifications were
simplified as “married” (partner/cohabitant/common
law, married) and “unmarried” (single, widow, separated,
or divorced) for the analysis. Unmarried status can disad-
vantage both men and women from a social support and
socioeconomic perspective, particularly women.**

Drug prescribing measures

Two drug prescribing measures, polypharmacy and a
potential prescribing cascade,*** were used. Polyphar-
macy was defined as five or more long-term daily drug
therapies®>** and hyperpolypharmacy as 10 or more daily
drug therapies prescribed at the index date.**** These
numeric measures of polypharmacy were selected as all
databases included number of drug therapies.

Co-prescribing suggesting a prescribing cascade was
included, as prescribing cascades are an important con-
tributor to polypharmacy and a risk for potentially inap-
propriate prescribing.'’ A prescribing cascade occurs
when a drug therapy is initiated, an adverse event
develops (often misinterpreted as a new medical condi-
tion), and a subsequent drug therapy is prescribed to treat
this adverse event. The calcium channel blocker (CCB) to
diuretic prescribing cascade was selected because it is
among the best characterized,**>® and most common,
with an estimated 16.8 million people being prescribed
amlodipine in the United States alone in 2020.*” Further-
more, this prescribing cascade occurs in the community,
hospital, and nursing home settings and was measurable
in the smaller databases included in our study. Other pre-
scribing cascades were explored, including the antipsy-
chotic to antiparkinsonian medication and the overactive
bladder to cholinesterase inhibitor prescribing cascades,
but the numbers of these prescribing cascades were too
small to report in these different settings. The CCB and
diuretic medications included in each database related to
this prescribing cascade are described in Supplementary
Table S4. Co-prescribing suggesting a prescribing cascade
was measured by the number and percentage of co-
prescribing of any CCB and any diuretic at the index date
to allow measuring this prescribing cascade across all
databases.
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TABLE 1 Table 1: Description of the age, sex and gender-related sociocultural factors among older adults in five secondary databases.
. Geriatric .
Community ) Nursing home )
hospital Hospital
Maccabi Maccabi
Characteristic ICES Healthcare Report-AGE ICES Healthcare SHELTER SENATOR
Number 2,302,515 283,292 6737 75,370 6702 3966 1537
Age: Mean years 74.7 73 85.9 85.1 84 84.6 78.2
Female, % 54.3% 54.1% 57.8% 69.2%  68.4% 74.2% 47.2%
Mean number of 3.6 6 6.0 6.0 7 7.1 9.3
medications
Gender-related Sociocultural Factors
Socioeconomic status (SES)
Income %: Low 13.1% Data unavailable 23.8% Data unavailable
Cluster %: Low Data 18.6% Data unavailable 22.2% Data unavailable
unavailable
Educational Data unavailable
attainment
No more than 38.9%
primary, %
Secondary, % 47.4%
Third level, % 13.7%
Marital status
Data available, n Data unavailable 5699 Data unavailable 3236 Data
Unmarried, % 56.5% 80.8% unavailable
Single, % 6.9% 12.7%
Widowed, % 48.9% 61.3%
Separated/ Divorced, % 0.8% 6.7%
Married/common law, % 43.5% 19.2%
Marital status not reported, n 1038 730

Note: In the ICES database, lower socioeconomic status was identified by eligibility for a low-income subsidy from the Ontario Drug Benefit program,® defined as an
annual income of $19,300 (Canadian) or less per individual or a combined annual income of $32,300 (Canadian) or less per couple. In the Maccabi Healthcare Services
database, socioeconomic status of the older adult was classified into clusters from 1 to 10, with 1 symbolizing a very low and 10 a very high socioeconomic status.
Residences in clusters 1-3 were categorized as lower socioeconomic status. In the Report-AGE and SHELTER databases, marital status was not reported by all older
adults. These data were not reported for 15.3% of those in the Geriatric Hospital and 18.4% in the SHELTER database, primarily female older adults. In the SENATOR
database, no more than primary education was classified as lower socioeconomic status. Third level of educational attainment was university/college level education.

Data unavailable indicates that the data does not exist.
Abbreviation: n, number.

Analyses

Data were stratified by setting of care, starting from the most
independent group (community-dwelling), to the frailest
group (nursing home residents). Descriptive statistics charac-
terized the age, sex, and gender-related sociocultural factors
available from each database. Data from the gender-related
sociocultural variables (gender-related identity, SES, and mar-
ital status) were collected and stratified by sex (male, female)
and age groups (65-74, 75-84, 85 years of age and older).

For the continuous variables (age and number of medica-
tions), the t-test was used to compare the difference between

females and males. For categorical variables, the chi-squared
test was used to compare the difference between females and
males and between gender-related sociocultural variables.
The Cochrane-Armitage trend test was used to compare the
difference among the age groups. All tests were two-tailed
tests with significance level of 0.05.

We used the Differential Prevalence (DP) measure
described in the United Nations Integrating a Gender Per-
spective into Statistics®® report to measure the gender gap.
This DP measure was calculated by obtaining the per-
centage of a gender-related sociocultural variable
(e.g., educational attainment) within the female
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TABLE 2
database, and sex.

Numeric polypharmacy measures

Polypharmacy, hyperpolypharmacys and co-prescribing suggesting a prescribing cascade prevalence by setting of care,

Calcium channel blocker

and diuretic co-prescribing

Hyperpolypharmacy, suggesting a prescribing

Polypharmacy,
Setting of care Database  Sex (n) n (%)
Community ICES Female (1,249,355) 380,996 (30.5)*
Male (1,053,160) 361,752 (34.3)
Maccabi Female (153,366) 71,863 (46.9)
Male (129,926) 61,191 (47.1)
Geriatric Report- Female (3897) 2601 (66.7)
Hospital AGE Male (2840) 1919 (67.6)
Nursing home ICES Female (52,193) 31,774 (60.9)*
Male (23,177) 15,047 (64.9)
Maccabi Female (4587) 3176 (69.2)*
Male (2115) 1522 (72.0)
SHELTER  Female (2943) 2128 (72.3)
Male (1023) 744 (72.7)
Hospital SENATOR  Female (725) 668 (92.1)
Male (812) 761 (93.7)

n (%)

56,383 (4.5)*
56,043 (5.3)"
25,455 (16.6)

cascade, n (%)
57,448 (4.6)°
46,197 (4.4)*
10,795 (7.0)*

20,152 (15.5) 8645 (6.7)
473 (12.1) 312 (8.0)
350 (12.3) 229 (8.1)

8927 (17.1)* 2925 (5.6)

4930 (21.3)* 1017 (4.4)*

1294 (28.2) 390 (8.5)
671 (31.7) 145 (6.9)*
684 (23.2) 70 (2.4)
257 (25.1) 14 (1.4)
308 (42.5) 72 (9.9)
364 (44.8) 76 (9.4)

Abbreviation: n, number.

ap-value<0.05 with chi-square test for the comparison between females and males.

population and subtracting it from the percentage of the
same measure within the male population. All analyses
were performed using SAS software, version 9.4 (SAS
Institute Inc).

RESULTS

The five secondary databases ranged in size from 2,303,515
community-dwelling older adults in the ICES population-
level database to 1537 older hospitalized patients in the
SENATOR clinical trial database. All databases included
age and sex details. None provided gender-identity data on
whether sex assigned at birth differed from reported gender.
Three databases provided SES data with ICES and Maccabi
Healthcare providing income data and SENATOR provid-
ing educational attainment. Two database (Report-AGE
and SHELTER) provided marital status.

Table 1 and Supplementary Table S5 describe the age
and gender-related sociocultural factors available from each
database stratified, overall and by sex. Four databases
included more females than males, and females were, on
average, older than males. Using population-level data from
ICES community-dwelling older adults, 15.2% of females
were in the lower SES category compared with 10.5% of
males, a pattern also seen in the Maccabi population-level

database. When educational attainment was examined,
46.2% of females in the SENATOR clinical trial database had
no more than primary education, compared with 32.4% of
males. When examining unmarried status in the Report-
AGE geriatric hospital database, 75.9% of females were
unmarried compared with 31.8% of males, mostly because
they were widowed. Similarly, SHELTER study nursing
home data showed that 87.9% of females were widowed com-
pared with 60.1% of males. Marital status data were incom-
plete from both Report-AGE and SHELTER databases, with
15.4% and 18.4% not providing this information, respectively.

Table 2 describes the overall relation between sex and
potentially inappropriate prescribing measures of poly-
pharmacy, hyperpolypharmacy, and CCB and diuretic
co-prescribing suggesting a prescribing cascade for each
database. For polypharmacy measures, males more fre-
quently experienced polypharmacy or hyperpolyphar-
macy in all but one database. Specifically, males had a
greater prevalence of polypharmacy than females in the
ICES community (34.3% vs. 30.5%, p < 0.001), ICES nurs-
ing home (64.9% vs. 60.9%, p < 0.001), and Maccabi
nursing home (72.0% vs. 69.2%, p = 0.024) databases.
There was also a greater prevalence of hyperpolyphar-
macy in males over females in these databases. In the
Maccabi community-based population-level database,
polypharmacy was more frequent in females. When

85UB01 7 SUOLUWIOD @A 118D 3|ceoldde ayy Aq peueob aJe sooiLe VO ‘85N JO SNl 1oy Akeld18UIIUQ AB]IAA UO (SUONIPUOO-PUR-SLUIB)/LIOY AB | 1M Afe.d||Bul UO//StY) SUORIPUOD pue sWs 1 84y 88S *[5202/20/72] uo Akeiqiauliuo A8)im 10D abe(00 AiseAln Aq 28z6T SBITTTT 0T/I0p/woo A& (1M Aiqijpuliuo'sieunokBe/sdiy woly pepeojumoa ‘Z ‘SZ0Z ‘STrSZeST



15325415, 2025, 2, Downloaded from https:/agsjournals.onlinelibrary.wiley.com/doi/10.1111/jgs.19282 by University College Cork, Wiley Online Library on [24/07/2025]. See the Terms and Conditions (https://onlinelibrary.wil ey.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ROCHON ET AL.

526 | TAGS

‘(Juawrure)e

UOI1BINPS IOMO] "SA JUSUIUTE}IE UOTEINPS IOYSIY ‘SHS IOMO] "SA SHS I9USIY ‘POLLIBUIUN 'SA PILLIEW) SI[QELIBA [EIN}INIOIO0S PIJR[aI-IOpUas Y3 usamjdq uosLredurod ay) 10y Is3) 21enbs-1yd Yym 00> anjea-d,

*SNJE)S OTUIOU0IIO0IO0S ‘SHS UOTJBIAIqQY

"JUSWIUTE)IE [BUONLINDS IoYSIY SB PIISSE[O Sem JUSWUTEIIR [EUOIBONPI JO [9AJ] PIIY) IO ATPUOIIS "JUSWUTEIIE [BUOIILINDS JOMO] SB PAYISSE[D Sem uoneonps Arewrtid uey) a1ow ou ‘dseqeiep YOLVNAS U3 U 910N

TT 6'T €8 08 9 ‘durquosaxd-0p
opeosed Suiquosard e Sunsaddns 3urqriosaid-0d onRINIp pue I9J0[q [SUUBYD WNIO[E)
%
9'sc 8T 0l WSTI “AoewrreydAjodiadA
TYL v'SL ©T'S9 ©S'89 % ‘AoeurreydAjod
sainseaw Aoeureyd£jod orownN
19z = u) (zz9 = u) (ozze = u) (6Lve = u)
paLLrewrun paLLIRIA paLLrewrun PaLLIBIA

(duroy Sursinu) YALTAHS  (readsoy onersn) gov-11odoy

snjels [eILICIAI
¥IT ] 9 ‘durquosaid-0p
opeosed Suiquosaid e Sunsaddns 3urqriosaid-0d onRINIP pue I9J0[q [SUURYD WNId[E)
%
0Ly 9T ‘KoewreydAjodiodAH
816 816 % ‘KoeurreydAfod
sarnseawt Aoeureyd£jod orownN
(865 = u) (66 = u)
uoneINpa MO0 UoneINpa IYSIH
(reyrdsoHy) YOLVNAES
pPaseq judurure)je [euoneINpPH
€8 6L 89 8P T'8 299 0L TP % ‘3urquosaid-0D
opeosed duiqriosard e Sunsaddns Surqriosard-09 o13AINIP pue I9)00[q [SUUBYD WINIO[BD)
'0€ 06T S'TT YA 28'0C 0'ST 0T 0 % ‘KoewreydAjodiadAy
9'IL L'69 2C'69 =109 e€'CS e8'SY el'€S eL'6C % ‘KoewrreydAjod
sainseawt Aoewreyd£jod orownN
(88YT = u) (vies = u) (9Ls'9T = u) (v6L'8s = u) (ss9‘zs = u) (Leo'oge =u)  (geo'esc = u) (zev'6r0'c = u)
SdS 1mo] SHS 1PYSIH SHS 1oM0] SHS IoYSIH SHS 19MO0] SHS IoYSIH SHS I1oMo] SHS IoYSIH
paseq 133snd paseq paseq Ppaseq dwodul (ATunurwod) SHOI

(swoy Sursanu) 1qedsdse

swoour (dwioy Sursanu) SHOI J191SNO (ATUnwInIod) 1qeddsey

paseq I3)SNJO pue duIodu]

Paseq JUdUIUTE)IE [BUOIIEINPI PUE JIIISN]I ‘DQUI0IU] :SNIE)S ITUIOU0II0II0S

"S9[qELIeA [BINI[NJO0IO0S Paje[aI-19puagd £q opeosed Suiquosaid renuajod pue Aoewreyd4jod jo sousesdld € ATIV.L



IMPACT OF AGE, SEX, GENDER ON PRESCRIBING

JAGS | 527

FIGURE 1 Prevalence of calcium channel

blocker (CCB) to diuretic co-prescribing 20%
suggesting a prescribing cascade in older adults

by sex, age, and socioeconomic status. The figure

describes the calcium channel blocker to

diuretic co-prescribing suggesting a prescribing .
cascade in older adults living in the community

in Ontario, Canada and Maccabi Health System,

Israel, on January 1st, 2020. This index date was 10%
selected because it precedes the presence of

COVID-19. The percentage of a co-prescribing

was provided by the intersection with sex 5%
(female [F] or male [M]), age (65-74 years old, -0.7%

the gender-related sociocultural factors of

75-84 years old, or 85 years of age or older), and I

socioeconomic status (SES) that was available 0% =
from this population-level data. The differential
prevalence®® (the percent of the female
population experiencing co-prescribing
subtracting the corresponding percent within
the male population) is provided between the
bars representing the female and male older

0
adults. 20%

15%

10%

-0.9%
5%

0%
F M
65-74

looking at co-prescribing suggesting a prescribing cas-
cade, results showed consistent patterns with higher pro-
portions of females than males having evidence of this
co-prescribing in all but one database, where they were
similar (Report-AGE: 8.0% females vs. 8.1% males,
p = 0.93). Sex differences were significant in the ICES
population-level community (4.6% females vs. 4.4%
males, p < 0.001) and nursing home databases (5.6%
females vs. 4.4% males, p < 0.001). A similar pattern was
evident for the Maccabi population-level community
(7.0% vs. 6.7%, p < 0.001) and nursing home databases
(8.5% vs. 6.9%, p = 0.021).

Table 3 describes polypharmacy, hyperpolypharmacy,
and CCB and diuretic co-prescribing suggesting a pre-
scribing cascade by gender-related sociocultural variable

65-74

ICES (Community)

+3.0%

+1.6% +1.7%

+0.3% -0.1%

F M F M F M F M

F M
75-84 85+ 65-74 75-84 85+

Higher SES Lower SES

Maccabi healthcare (Community)

+3.8%
+3.7%

+3.7%

+0.9%

I +0.3%
F M F M F M F M F M

75-84 85+ 65-74 75-84 85+
Higher SES Lower SES

available from each database. Overall, three databases
provided SES data, two based on income and one on edu-
cational attainment. Those categorized as being in the
lower SES groups experienced polypharmacy or hyperpo-
lypharmacy more frequently than those in the higher
SES groups. Two databases (Report-AGE and SHELTER)
provided marital status data. There was more polyphar-
macy or hyperpolypharmacy among those who were
married in the Report-AGE geriatric hospital database
and a nonsignificant trend for those who were married in
the SHELTER database.

Co-prescribing suggesting a prescribing cascades was
more common in the lower relative to the higher SES
groups in the ICES community (7.0% vs. 4.2%, p < 0.001),
Maccabi community (8.1% vs. 6.6%, p < 0.001), and ICES
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nursing home databases (6.8% vs. 4.8%, p < 0.001), with a
nonsignificant trend in the Maccabi nursing home data-
base (8.3% vs. 7.9%, p = 0.57) and SENATOR hospital
database (11.4% vs. 8.5%, p = 0.06). No differences were
apparent based on marital status.

Supplementary Figure S1 describes co-prescribing
suggesting the CCB to diuretic prescribing cascade by sex
and its intersections with age and SES using ICES and
Maccabi community-dwelling population-level databases.
The overall gender difference was small (Differential
Prevalence [DP] 0.2% in ICES and 0.3% in Maccabi). The
prevalence of co-prescribing suggesting a prescribing cas-
cade increased across age groups (p < 0.001 with a trend
test). Figure 1 illustrates that the largest difference was
found in those aged 85 years and older (DP 2.1% in ICES
and 3.7% in Maccabi) and in the lower SES groups
(DP 1.6% in ICES and 1.8% in Maccabi). Further, the gen-
der difference was largest for those aged 85 years of age
or older in the lower SES group (DP 3.0% in ICES and
3.8% in Maccabi databases).

DISCUSSION

In this novel descriptive study, we examined polyphar-
macy and co-prescribing suggesting a prescribing cas-
cade, two contributors to potentially inappropriate
prescribing, by triangulating data from five diverse sec-
ondary databases, including older adults from 14 coun-
tries. We found consistent patterns across the different
data types and sources, providing an opportunity to cor-
roborate findings. As reported in the literature,*>*° our
study found that older women were more frequently in
the lower SES category than older men,*' based on
income, SES clusters, or educational attainment. For edu-
cational attainment, almost 14% more older females than
males reported only receiving primary school education.
Additionally, women were more likely than men to be
unmarried, mostly because they were widowed.** Overall
polypharmacy, hyperpolypharmacy, and co-prescribing
suggesting a prescribing cascade tended to be more fre-
quent in the lower relative to the higher SES groups, a
pattern seen across all databases. Lower SES has been
associated with greater use of potentially inappropriate
medications, possibly related to factors including less
access to health and drug information, and in some cases
to receiving inferior quality of health care.*’ Further-
more, those within the lower SES group are more likely
to receive suboptimal combinations of drug therapies****
and it is possible that some of these combinations may
represent prescribing cascades.

Second, we found similar patterns of co-prescribing
suggesting a CCB to diuretic prescribing cascade across

databases when analyzing by age, sex, and gender-related
sociocultural factors. Our results found that females were
generally more impacted by co-prescribing, suggesting a
higher prevalence of a CCB to diuretic prescribing cas-
cade than in men. Furthermore, this impact was greatest
among those females with multiple intersecting factors—
specifically, those in the oldest age and lower SES group.
By restricting our analyses to individuals with a pattern
of co-prescribing suggesting a prescribing cascade, specif-
ically those taking a CCB and a diuretic simultaneously,
we created a more homogeneous group of individuals
being treated for a single condition, likely hypertension.*
Exploring a potential prescribing cascade using a more
homogeneous group could reveal patterns that would
otherwise be obscured when triangulating data from
these diverse databases. Our findings warrant, we con-
tend, further exploration of the association between age,
sex, and gender-related sociocultural factors and other
potential prescribing cascades.

Third, although age and sex data were available from
all databases, none collected gender-identity data. Data
on gender-related sociocultural factors were inconsis-
tently collected. Our study demonstrates that some
gender-related sociocultural factors can be explored in
secondary databases by using available SES data based on
income, SES clusters, or educational attainment, as well
as exploring marital status. Future studies would greatly
benefit from routinely collecting and including these and
other gender-related variables in research.

Our study revealed a few unexpected findings when
looking at polypharmacy and hyperpolypharmacy, that
warrant further investigation. First, the prevalence of
polypharmacy and hyperpolypharmacy was generally
higher among men. The literature on this issue is incon-
clusive, where some studies suggest that women are pre-
scribed more drug therapies than men,*® whereas other
studies report polypharmacy as being more common in
men.*”** No sex difference for polypharmacy prevalence
was found in the SENATOR clinical trial secondary data-
base. This may be due to these individuals being part of a
hospital-based research study where multimorbidity was
an inclusion requirement. Future research should exam-
ine sex differences by drug classes contributing to poly-
pharmacy. Prior research suggests that women are more
likely to be prescribed drug therapy for the management
of conditions like depression and sleep disorders,
whereas men are more likely to be prescribed medica-
tions for secondary prevention of chronic conditions."”

Additionally, polypharmacy and hyperpolypharmacy
were more frequent among married compared with
unmarried individuals. Those who are married may be
more likely to be encouraged by a spouse to seek needed
care. This reflects the importance of distinguishing
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FIGURE 2 Five lessons
learned about age, sex, and gender-
related sociocultural variables to

LESSONS LEARNED

about age, sex, and gender to inform the conduct of drug prescribing research, and

inform research.

health research in general, using secondary databases

Age and sex data are an important starting point to include in studies

Age and sex data are generally available in all databases

Gender is a complex, multi-dimensional construct, which makes
incorporating this information into research more challenging.

Using a gender framework can help researchers to operationalize gender and
identify key gender related variables to consider.

Gender-related sociocultural factors are inconsistently included

The importance of gender on health outcomes makes it crucial that these
variables be included in analysis.

Older females are more likely to have low socioeconomic status, as
measured by income, socioeconomic status clusters, or educational
attainment

These sociocultural factors disadvantage all older adults, particularly women.

Gender-related sociocultural differences are found within all our

secondary databases and international in scope

Gender related sociocultural data need to be collected and reported because
they provide insights into addressing the root causes of potentially
inappropriate prescribing.

appropriate polypharmacy, where individuals seek out
health care and receive needed medications to manage
health conditions, from problematic polypharmacy that
can be harmful.™!

LIMITATIONS

Although data triangulation provides the opportunity to
corroborate findings and identify patterns from different
data types and sources (thereby increasing the validity of
results), there were some limitations. First, databases
included were originally collected for different purposes
and not designed to be compared or to explore
gender-related sociocultural variables. Only a few vari-
ables were available to study the gender construct, limit-
ing our ability to explore gender in a robust manner. The
variables that we did identify have likely been routinely
included in many databases, but not used within a gen-
der framework. Nevertheless, the fact that common sex
and gender-related patterns emerged from these diverse
databases using these few gender-related sociocultural
variables strengthens our findings. Our study highlights
that even including a small subset of variables from the
gender framework is helpful and underscores the impor-
tance of considering gender in more robust ways in
future research. Second, observed differences could be
due to overall differences in the health of females and
males and their associated comorbidities. By exploring
the CCB to diuretic prescribing cascade, we created a

more homogeneous group of older adults likely being
treated for hypertension. Although a prescribing cascade
is generally characterized by sequential prescribing,
determining this was not possible from the smaller
databases. As such, we used co-prescribing as a crude
indicator to suggest a prescribing cascade. Finally,
gender-related sociocultural factors were not uniformly
available. Nevertheless, the gender-related sociocultural
factors of SES and marital status that were available
across the databases followed a similar pattern.

We generated five lessons learned from triangulating
data from these diverse databases. These lessons can
inform our understanding of the genesis of polypharmacy
and co-prescribing suggesting prescribing cascades, and
they can assist researchers to explore age, sex, and gender
in drug prescribing research and research in general (see
Figure 2). First, analyzing age and sex data is an impor-
tant starting point to be included in studies. As our study
illustrates, age and sex data are routinely collected and
therefore available in all databases. Second, gender is a
complex, multidimensional construct, which makes
incorporating this information into research challenging.
Our study demonstrates some of these challenges. Using
a gender framework, investigators can explore opportuni-
ties to include gender-related data from the outset of their
study. Third, gender-related factors were inconsistently
included. Given the importance of gender on health, it is
crucial that investigators aim to include the appropriate
variables in their research. We included SES, measured
as income and educational attainment in our study, but
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there are many other variables in the gender framework
that could be explored. Fourth, older females more fre-
quently than males had low SES, as measured by income
or educational attainment. Finally, these findings high-
light the need to take account of gender-related sociocul-
tural differences that were found within all secondary
databases and were international in scope. These data are
important because they may provide insights that
are needed to address the root causes of potentially inap-
propriate prescribing.

CONCLUSION

By triangulating data from five diverse secondary data-
bases using descriptive statistics, we found that older
females were adversely affected by sociocultural factors
more frequently than older males. Further, older adults
with lower SES tended to more frequently experience
polypharmacy or co-prescribing suggesting a CCB to
diuretic prescribing cascade. Within these lower SES
groups, females had evidence of this co-prescribing more
frequently than males.

Considering the role of gender and profiling their
differences provides an opportunity for more targeted
approaches to optimize prescribing. Furthermore, it
may help to better understand the genesis of poly-
pharmacy and potential prescribing cascades. These
findings have important research applications
highlighted in our five lessons learned that can be
used to optimize drug prescribing research and more
generally improve the quality of health research,
using secondary databases.

AUTHOR CONTRIBUTIONS

PAR, JL, DOM, GO, MP, SAS, JHG, RS, WW, VG, LMG,
AC made a substantial contribution to the concept of
the article. PAR, DOM, GO, SAS, AC were involved in
the acquisition of data. All authors were involved in the
interpretation of data. PAR drafted the manuscript. All
authors critically assessed, edited, and approved the
final manuscript. JL created the figures in the manu-
script. The corresponding author attests that all listed
authors meet authorship criteria and that no others
meeting the criteria have been omitted. PAR is the
guarantor.

ACKNOWLEDGMENTS

We acknowledge Barbara Carrieri, Paolo Fabbietti, Mas-
similiano Fedecostante (Geriatria, Accettazione geriatrica
e Centro di Ricerca per l'invecchiamento, IRCCS INRCA,
Ancona, Italy), Cecilia Damiano (Universita Cattolica del
Sacro Cuore, Rome, Italy and ondazione Policlinico

Universitario Gemelli IRCCS, Rome, Italy), Shiri Guy-
Alfandary (Clinical & Regulatory Affairs at Seegnal, Sav-
yon, Israel), Yosef Lomnicky, Janet Vesterman-Landes,
Inbal Yifrach-Damari (Department of Pharmacy, Mac-
cabi Healthcare Services, Tel Aviv, Israel), Christina
Diong (ICES, Toronto, Ontario, Canada), Rodrigo Noor-
ani (Women's Age Lab and Women's College Research
Institute, Women's College Hospital, Toronto, Ontario,
Canada), and Francesco Pegreffi (Department of Medi-
cine and Surgery, Kore University of Enna, Enna, Italy)
from the iKASCADE team for their contributions to the
study. This study was supported by ICES, which is
funded by an annual grant from the Ontario Ministry of
Health (MOH) and the Ministry of Long-Term Care
(MLTC). This document used data adapted from the Sta-
tistics Canada Postal Code®™ Conversion File, which is
based on data licensed from Canada Post Corporation,
and/or data adapted from the Ontario Ministry of Health
Postal Code Conversion File, which contains data copied
under license from ©Canada Post Corporation and Statis-
tics Canada. Parts of this material are based on data
and/or information compiled and provided by the
Ontario Ministry of Health, Ontario Health, and CIHI.
The analyses, conclusions, opinions and statements
expressed herein are solely those of the authors and do
not reflect those of the funding or data sources; no
endorsement is intended or should be inferred. We thank
IQVIA Solutions Canada Inc. for use of their Drug
Information File.

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of financial interest that
are directly relevant to the content of this study.
Dr. Rochon is a Deputy Editor for the Journal of the
American Geriatrics Society.

SPONSOR'S ROLE
The sponsor was not involved in the design, methods,
subject recruitment, data collection, analysis, or prepara-
tion of the manuscript.

FINANCIAL DISCLOSURE

The study is funded by “Identifying Key Prescribing CAS-
CADes in the Elderly: A Transnational Initiative on Drug
Safety” (GNP-1782), GENDER-NET Plus ERA-Net
Cofund: “Promoting gender equality in H2020 and the
ERA,” in Partnership with: the Canadian Institutes of
Health Research-Institutes of Gender & Health and Insti-
tute of Aging; the Irish Research Council; Ministero della
Salute (Italy) (grant RRC-2019-2366768); and Ministry of
Science and Technology (Israel). Dr. Paula Rochon holds
the RTOERO Chair in Geriatric Medicine at the Univer-
sity of Toronto.

85UB01 7 SUOLUWIOD @A 118D 3|ceoldde ayy Aq peueob aJe sooiLe VO ‘85N JO SNl 1oy Akeld18UIIUQ AB]IAA UO (SUONIPUOO-PUR-SLUIB)/LIOY AB | 1M Afe.d||Bul UO//StY) SUORIPUOD pue sWs 1 84y 88S *[5202/20/72] uo Akeiqiauliuo A8)im 10D abe(00 AiseAln Aq 28z6T SBITTTT 0T/I0p/woo A& (1M Aiqijpuliuo'sieunokBe/sdiy woly pepeojumoa ‘Z ‘SZ0Z ‘STrSZeST



IMPACT OF AGE, SEX, GENDER ON PRESCRIBING

JAGS | sn

ORCID
Paula A. Rochon ‘@ https://orcid.org/0000-0002-5973-4151
Joyce Li ‘© https://orcid.org/0000-0001-8112-2701

Mirko Petrovic
Rachel D. Savage
373X

Kieran Dalton ‘© https://orcid.org/0000-0003-1209-8079
Lisa M. McCarthy ‘© https://orcid.org/0000-0001-9087-
1077

https://orcid.org/0000-0002-7506-8646
https://orcid.org/0000-0002-2746-

TWITTER

Paula A. Rochon kA rochonpaula

REFERENCES

1. World Health Organization. Medication without harm.
Accessed September 12, 2024. https://www.who.int/initiatives/
medication-without-harm

2. World Health Organization. Medication safety in polyphar-
macy: technical report. 2019 Accessed September 12, 2024.
https://www.who.int/publications/i/item/WHO-UHC-SDS-
2019.11

3. Regitz-Zagrosek V. Sex and Gender Differences in Pharmacol-
ogy. Springer; 2012.

4. Alhawassi TM, Krass I, Bajorek BV, Pont LG. A systematic
review of the prevalence and risk factors for adverse drug reac-
tions in the elderly in the acute care setting. Clin Interv Aging.
2014;9:2079-2086. doi:10.2147/CIA.S71178

5. Bartz D, Chitnis T, Kaiser UB, et al. Clinical advances in sex-
and gender-informed medicine to improve the health of all: a
review. JAMA Intern Med. 2020;180(4):574-583. do0i:10.1001/
jamainternmed.2019.7194

6. Lavan AH, Gallagher P. Predicting risk of adverse drug reac-
tions in older adults. Ther Adv Drug Saf. 2016;7(1):11-22. doi:
10.1177/2042098615615472

7. Zazzara MB, Palmer K, Vetrano DL, Carfi A, Onder G. Adverse
drug reactions in older adults: a narrative review of the litera-
ture. Eur Geriatr Med. 2021;12(3):463-473. doi:10.1007/s41999-
021-00481-9

8. Boersma P, Black LI, Ward BW. Prevalence of multiple chronic
conditions among US adults, 2018. Prev Chronic Dis. 2020;17:
E106. doi:10.5888/pcd17.200130

9. Ukhanova M, Markwardt S, Furuno JP, Davis L, Noble BN,
Quinones AR. Are there sex differences in potentially inappro-
priate prescribing in adults with multimorbidity? J Am Geriatr
Soc. 2021;69(8):2163-2175. doi:10.1111/jgs.17194

10. Rochon PA, Petrovic M, Cherubini A, et al. Polypharmacy,
inappropriate prescribing, and deprescribing in older people:
through a sex and gender lens. Lancet Healthy Longev. 2021;
2(5):€290-e300. doi:10.1016/S2666-7568(21)00054-4

11. Duerden M, Avery T, Payne R. Polypharmacy and medicines
optimisation — making it safe and sound. The King's Fund.
2013. Accessed September 12, 2024. https://assets.kingsfund.
org.uk/f/256914/x/0ffd18f8d6/polypharmacy_medicines_
optismisation_2013.pdf

12. Hamilton HJ, Gallagher PF, O'Mahony D. Inappropriate pre-
scribing and adverse drug events in older people. BMC Geriatr.
2009;9:5. doi:10.1186/1471-2318-9-5

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

Wallace E, McDowell R, Bennett K, Fahey T, Smith SM.
Impact of potentially inappropriate prescribing on adverse drug
events, health related quality of life and emergency hospital
attendance in older people attending general practice: a pro-
spective cohort study. J Gerontol A Biol Sci Med Sci. 2017;72(2):
271-277. doi:10.1093/gerona/glw140

McCarthy LM, Savage R, Dalton K, et al. ThinkCascades: a tool
for identifying clinically important prescribing cascades affect-
ing older people. Drugs Aging. 2022;39(10):829-840. doi:10.
1007/s40266-022-00964-9

Fox MP, Murray EJ, Lesko CR, Sealy-Jefferson S. On the need
to revitalize descriptive epidemiology. Am J Epidemiol. 2022;
191(7):1174-1179. doi:10.1093/aje/kwac056

Lesko CR, Fox MP, Edwards JK. A framework for descriptive
epidemiology. Am J Epidemiol. 2022;191(12):2063-2070. doi:10.
1093/aje/kwacl15

Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, et al. Sex and gen-
der: modifiers of health, disease, and medicine. Lancet. 2020;
396(10250):565-582. d0i:10.1016/S0140-6736(20)31561-0
Jhpiego. Gender analysis toolkit for health systems. 2016.
Accessed September 12, 2024. https://gender.jhpiego.org/docs/
Jhpiego-Gender-Analysis-Toolkit-for-Health-Systems.pdf
Canadian Institutes of Health Research. Meet the methods
series: methods for prospectively and retrospectively incorpo-
rating gender-related variables in clinical research. Accessed
September 12, 2024.https://cihr-irsc.gc.ca/e/52608.html
Sternberg SA, Petrovic M, Onder G, et al. Identifying key pre-
scribing cascades in older people (iKASCADE): a transnational
initiative on drug safety through a sex and gender lens-
rationale and design. Eur Geriatr Med. 2021;12(3):475-483. doi:
10.1007/s41999-021-00480-w

Heale R, Forbes D. Understanding triangulation in research.
Evid Based Nurs. 2013;16(4):98. doi:10.1136/eb-2013-101494
ICES. Accessed September 12, 2024. https://www.ices.on.ca/
Maccabi Healthcare Services. Accessed September 12, 2024.
https://www.maccabidu.co.il/1781-he/Maccabi.aspx
Bustacchini S, Abbatecola AM, Bonfigli AR, et al. The report-
AGE project: a permanent epidemiological observatory to iden-
tify clinical and biological markers of health outcomes in
elderly hospitalized patients in Italy. Aging Clin Exp Res. 2015;
27(6):893-901. doi:10.1007/s40520-015-0350-3

Onder G, Carpenter I, Finne-Soveri H, et al. Assessment of
nursing home residents in Europe: the Services and Health for
Elderly in Long TERm care (SHELTER) study. BMC Health
Serv Res. 2012;12:5. doi:10.1186/1472-6963-12-5

O'Mahony D, Gudmundsson A, Soiza RL, et al. Prevention of
adverse drug reactions in hospitalized older patients with
multi-morbidity and polypharmacy: the SENATOR* random-
ized controlled clinical trial. Age Ageing. 2020;49(4):605-614.
doi:10.1093/ageing/afaa072

Statistics Canada. Gender of person. Accessed September
12, 2024. https://www23.statcan.gc.ca/imdb/p3Var.pl?
Function=DEC&Id=410445

Raparelli V, Norris CM, Bender U, et al. Identification and
inclusion of gender factors in retrospective cohort studies: the
GOING-FWD framework. BMJ Glob Health. 2021;6(4):€005413.
doi:10.1136/bmjgh-2021-005413

Johnson JL, Greaves L, Repta R. Better science with sex and
gender: facilitating the use of a sex and gender-based analysis

85UB01 7 SUOLUWIOD @A 118D 3|ceoldde ayy Aq peueob aJe sooiLe VO ‘85N JO SNl 1oy Akeld18UIIUQ AB]IAA UO (SUONIPUOO-PUR-SLUIB)/LIOY AB | 1M Afe.d||Bul UO//StY) SUORIPUOD pue sWs 1 84y 88S *[5202/20/72] uo Akeiqiauliuo A8)im 10D abe(00 AiseAln Aq 28z6T SBITTTT 0T/I0p/woo A& (1M Aiqijpuliuo'sieunokBe/sdiy woly pepeojumoa ‘Z ‘SZ0Z ‘STrSZeST


https://orcid.org/0000-0002-5973-4151
https://orcid.org/0000-0002-5973-4151
https://orcid.org/0000-0001-8112-2701
https://orcid.org/0000-0001-8112-2701
https://orcid.org/0000-0002-7506-8646
https://orcid.org/0000-0002-7506-8646
https://orcid.org/0000-0002-2746-373X
https://orcid.org/0000-0002-2746-373X
https://orcid.org/0000-0002-2746-373X
https://orcid.org/0000-0003-1209-8079
https://orcid.org/0000-0003-1209-8079
https://orcid.org/0000-0001-9087-1077
https://orcid.org/0000-0001-9087-1077
https://orcid.org/0000-0001-9087-1077
https://twitter.com/rochonpaula
https://twitter.com/rochonpaula
https://www.who.int/initiatives/medication-without-harm
https://www.who.int/initiatives/medication-without-harm
https://www.who.int/publications/i/item/WHO-UHC-SDS-2019.11
https://www.who.int/publications/i/item/WHO-UHC-SDS-2019.11
info:doi/10.2147/CIA.S71178
info:doi/10.1001/jamainternmed.2019.7194
info:doi/10.1001/jamainternmed.2019.7194
info:doi/10.1177/2042098615615472
info:doi/10.1007/s41999-021-00481-9
info:doi/10.1007/s41999-021-00481-9
info:doi/10.5888/pcd17.200130
info:doi/10.1111/jgs.17194
info:doi/10.1016/S2666-7568(21)00054-4
https://assets.kingsfund.org.uk/f/256914/x/0ffd18f8d6/polypharmacy_medicines_optismisation_2013.pdf
https://assets.kingsfund.org.uk/f/256914/x/0ffd18f8d6/polypharmacy_medicines_optismisation_2013.pdf
https://assets.kingsfund.org.uk/f/256914/x/0ffd18f8d6/polypharmacy_medicines_optismisation_2013.pdf
info:doi/10.1186/1471-2318-9-5
info:doi/10.1093/gerona/glw140
info:doi/10.1007/s40266-022-00964-9
info:doi/10.1007/s40266-022-00964-9
info:doi/10.1093/aje/kwac056
info:doi/10.1093/aje/kwac115
info:doi/10.1093/aje/kwac115
info:doi/10.1016/S0140-6736(20)31561-0
https://gender.jhpiego.org/docs/Jhpiego-Gender-Analysis-Toolkit-for-Health-Systems.pdf
https://gender.jhpiego.org/docs/Jhpiego-Gender-Analysis-Toolkit-for-Health-Systems.pdf
https://cihr-irsc.gc.ca/e/52608.html
info:doi/10.1007/s41999-021-00480-w
info:doi/10.1136/eb-2013-101494
https://www.ices.on.ca/
https://www.maccabi4u.co.il/1781-he/Maccabi.aspx
info:doi/10.1007/s40520-015-0350-3
info:doi/10.1186/1472-6963-12-5
info:doi/10.1093/ageing/afaa072
https://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=410445
https://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=410445
info:doi/10.1136/bmjgh-2021-005413

532

| JAGS

ROCHON ET AL.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

in health research. Int J Equity Health. 2009;8:14. d0i:10.1186/
1475-9276-8-14

Ontario's Regulatory Registry. Updating of the income eligibil-
ity thresholds for the seniors co-payment program. Accessed
September 12, 2024. https://www.ontariocanada.com/registry/
view.do?postingld=36771&language=en

Congressional Research Service. Poverty among the population
aged 65 and older. 2022. Accessed September 12, 2024. https://
sgp.fas.org/crs/misc/R45791.pdf

Rochon PA, Stall NM, Holmes HM. Drug therapy and frailty:
chicken or the egg? J Am Geriatr Soc. 2019;67(12):2441-2443.
doi:10.1111/jgs.16213

Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is
polypharmacy? A systematic review of definitions. BMC Ger-
iatr. 2017;17(1):230. doi:10.1186/s12877-017-0621-2

Savage RD, Visentin JD, Bronskill SE, et al. Evaluation of a
common prescribing cascade of calcium channel blockers and
diuretics in older adults with hypertension. JAMA Intern Med.
2020;180(5):643-651. doi:10.1001/jamainternmed.2019.7087
Singh S, Cocoros NM, Haynes K, et al. Identifying pre-
scribing cascades in Alzheimer's disease and related
dementias: the calcium channel blocker-diuretic prescribing
cascade. Pharmacoepidemiol Drug Saf. 2021;30(8):1066-1073.
doi:10.1002/pds.5230

Rochon PA, Austin PC, Normand SL, et al. Association of a cal-
cium channel blocker and diuretic prescribing cascade with
adverse events: a population-based cohort study. J Am Geriatr
Soc. 2023;72:467-478. doi:10.1111/jgs.18683

Agency for Healthcare Research and Quality. Total purchases
in thousands by prescribed drug, United States, 1996-2021.
Accessed September 12, 2024. https://datatools.ahrq.gov/meps-
hc/?tab=prescribed-drugs&dash=18

United Nation. Integrating a Gender Perspective into Statistics.
2016.

Sen G, Ostlin P. Unequal, Unfair, Ineffective and
Inefficient — gender Inequity in Health: why it exists and how
we can change it. 2012. Accessed September 12, 2024. https://
eurohealth.ie/wp-content/uploads/2012/02/Unequal-Unfair-
Ineffective-and-Inefficient-Gender-Inequity-in-Health.pdf
Davies L, McMullin JA, Avison WR, Cassidy GL. Social policy,
gender inequality and poverty. Status of Women Canada. 2001.
Accessed September 12, 2024. https://publications.gc.ca/
Collection/SW21-64-2000E.pdf

American Psychological Association. Fact sheet: women & socio-
economic status. 2010. Accessed September 12, 2024. https://
www.apa.org/pi/ses/resources/publications/factsheet-women.pdf
United States Census Bureau. Number, timing, and duration of
marriages and divorces: 2016. 2021. Accessed September 12, 2024.
https://www.census.gov/content/dam/Census/library/publications/
2021/demo/p70-167.pdf

Hwang J, Lyu B, Ballew S, et al. The association between socio-
economic status and use of potentially inappropriate medica-
tions in older adults. J Am Geriatr Soc. 2023;71(4):1156-1166.
doi:10.1111/jgs.18165

44. Odubanjo E, Bennett K, Feely J. Influence of socioeconomic
status on the quality of prescribing in the elderly — a population
based study. Br J Clin Pharmacol. 2004;58(5):496-502. doi:10.
1111/j.1365-2125.2004.02179.x

45, Lesen E, Andersson K, Petzold M, Carlsten A. Socioeconomic
determinants of psychotropic drug utilisation among elderly: a
national population-based cross-sectional study. BMC Public
Health. 2010;10:118. doi:10.1186/1471-2458-10-118

46. Canadian Institute for Health Information. Drug Use Among
Seniors in Canada. 2016. Accessed September 12, 2024. https://
secure.cihi.ca/free_products/drug-use-among-seniors-2016-en-
web.pdf

47. Schnegg D, Senn N, Bugnon O, Schwarz J, Mueller Y. Drug
prescription in older Swiss men and women followed in family
medicine. Drugs Real World Outcomes. 2020;7(1):87-95. doi:10.
1007/s40801-019-00175-6

48. Pazan F, Wehling M. Polypharmacy in older adults: a narrative
review of definitions, epidemiology and consequences. Eur Ger-
iatr Med. 2021;12(3):443-452. doi:10.1007/s41999-021-00479-3

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

Table S1. Checklist of items that should be included in
reports of descriptive studies.

Table S2. Description of the secondary databases provid-
ing drug prescribing data on adults 65 years of age or
older.

Table S3. Description of the gender-related sociocultural
variables from each secondary database using the Cana-
dian Institutes of Health Research Framework.

Table S4. Definition of the medication included in each
database.

Table S5. Description of the age, sex and gender-related
sociocultural factors among older adults in five secondary
databases by sex.

Figure S1. Prevalence of calcium channel blocker to
diuretic co-prescribing suggesting a prescribing cascade
in older adults disaggregated by sex, age, socioeconomic
status, and their intersections.

How to cite this article: Rochon PA, LiJ,
O'Mahony D, et al. The impact of age, sex, and
gender on polypharmacy and potential prescribing
cascades: Lessons from five databases. J Am Geriatr
Soc. 2025;73(2):520-532. doi:10.1111/jgs.19282

85UB01 7 SUOLUWIOD @A 118D 3|ceoldde ayy Aq peueob aJe sooiLe VO ‘85N JO SNl 1oy Akeld18UIIUQ AB]IAA UO (SUONIPUOO-PUR-SLUIB)/LIOY AB | 1M Afe.d||Bul UO//StY) SUORIPUOD pue sWs 1 84y 88S *[5202/20/72] uo Akeiqiauliuo A8)im 10D abe(00 AiseAln Aq 28z6T SBITTTT 0T/I0p/woo A& (1M Aiqijpuliuo'sieunokBe/sdiy woly pepeojumoa ‘Z ‘SZ0Z ‘STrSZeST


info:doi/10.1186/1475-9276-8-14
info:doi/10.1186/1475-9276-8-14
https://www.ontariocanada.com/registry/view.do?postingId=36771&language=en
https://www.ontariocanada.com/registry/view.do?postingId=36771&language=en
https://sgp.fas.org/crs/misc/R45791.pdf
https://sgp.fas.org/crs/misc/R45791.pdf
info:doi/10.1111/jgs.16213
info:doi/10.1186/s12877-017-0621-2
info:doi/10.1001/jamainternmed.2019.7087
info:doi/10.1002/pds.5230
info:doi/10.1111/jgs.18683
https://datatools.ahrq.gov/meps-hc/?tab=prescribed-drugs&dash=18
https://datatools.ahrq.gov/meps-hc/?tab=prescribed-drugs&dash=18
https://eurohealth.ie/wp-content/uploads/2012/02/Unequal-Unfair-Ineffective-and-Inefficient-Gender-Inequity-in-Health.pdf
https://eurohealth.ie/wp-content/uploads/2012/02/Unequal-Unfair-Ineffective-and-Inefficient-Gender-Inequity-in-Health.pdf
https://eurohealth.ie/wp-content/uploads/2012/02/Unequal-Unfair-Ineffective-and-Inefficient-Gender-Inequity-in-Health.pdf
https://publications.gc.ca/Collection/SW21-64-2000E.pdf
https://publications.gc.ca/Collection/SW21-64-2000E.pdf
https://www.apa.org/pi/ses/resources/publications/factsheet-women.pdf
https://www.apa.org/pi/ses/resources/publications/factsheet-women.pdf
https://www.census.gov/content/dam/Census/library/publications/2021/demo/p70-167.pdf
https://www.census.gov/content/dam/Census/library/publications/2021/demo/p70-167.pdf
info:doi/10.1111/jgs.18165
info:doi/10.1111/j.1365-2125.2004.02179.x
info:doi/10.1111/j.1365-2125.2004.02179.x
info:doi/10.1186/1471-2458-10-118
https://secure.cihi.ca/free_products/drug-use-among-seniors-2016-en-web.pdf
https://secure.cihi.ca/free_products/drug-use-among-seniors-2016-en-web.pdf
https://secure.cihi.ca/free_products/drug-use-among-seniors-2016-en-web.pdf
info:doi/10.1007/s40801-019-00175-6
info:doi/10.1007/s40801-019-00175-6
info:doi/10.1007/s41999-021-00479-3
info:doi/10.1111/jgs.19282

	The impact of age, sex, and gender on polypharmacy and potential prescribing cascades: Lessons from five databases
	Abstract
	INTRODUCTION
	METHODS
	Database description

	Key points
	Why does this paper matter?
	Variables
	Drug prescribing measures
	Analyses

	RESULTS
	DISCUSSION
	LIMITATIONS
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	SPONSOR'S ROLE
	FINANCIAL DISCLOSURE
	ORCID
	TWITTER
	REFERENCES
	SUPPORTING INFORMATION


