German Center for Neu-
rodegenerative Disease
(DZNE), Bonn, and Re-
search Division, Federal
Institute for Drugs and
Medical Devices, Bonn:
Dr. oec. troph. Jonas
Peltner, Prof. Dr. rer. nat.
Britta Haenisch

Clinical Epidemiology of
Early Cancer Detection,
German Cancer Research
Center (DKFZ), Heidelberg,
and Medical Faculty,
University of Heidelberg:
Miriam Degen

Center for Translational
Medicine, University of
Bonn: Prof. Dr. rer. nat.
Britta Haenisch

*The remaining authors of
this publication are listed in
the citation and at the end
of the article, where their
affiliations can be found.

Original Article

MEDICINE

Polypharmacy Among 200 000 Subjects
of the Population-Based German National
Cohort Study (NAKO), Aged 19-74

A Baseline Analysis

Jonas Peltner, Miriam Degen, [...]* Britta Haenisch

Summary

Background: Polypharmacy is associated with adverse events,
reduced quality of life, and increased mortality, but population-
based studies including both prescribed and over-the-counter medi-
cations are scarce.

Methods: We analyzed baseline data from the German National
Cohort (NAKO), Germany'’s largest population-based cohort study
(recruitment 2014-2019; participants aged 19-74 years at base-
line). We estimated the proportion of participants with polyphar-
macy (defined as reporting regular use of = 5 prescribed and
over-the-counter medications) and hyperpolypharmacy (= 10 medi-
cations), stratified by sex and age. Determinants of polypharmacy
were estimated using logistic regression.

Results: Among 203 765 participants (mean age 49.8 years, 50.4%
female), 6869 women (6.7%; 95% confidence interval [6.5; 6.8])
and 8126 men (8.0% [7.9; 8.2] reported regular use of 2 5 medi-
cations. Regular use of = 10 medications was reported by 505
women (0.5% [0.45; 0.54]) and 722 men (0.7% [0.67;0.77]).
Polypharmacy and hyperpolypharmacy increased with age.
Diabetes and chronic cardiovascular conditions were strong
determinants. Use of cardiovascular medications was most
frequently reported.

Conclusion: Polypharmacy was common in NAKO,
particularly among older participants, men, and per-
sons with cardiovascular disease. Because medi-
cation appropriateness could not be assessed, future
studies should examine inappropriate polypharmacy
and evaluate risk factors and strategies for depre-
scribing.
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Polypharmacy, typically defined as the concurrent use
of multiple medications by a single patient, has been
associated with a range of unfavourable health outcomes,
including:

® Falls

® Cognitive impairment

® Functional decline

® Hospitalization

@ Mortality (1, 2)

Concomitant intake of five or more drugs is commonly
used as a cut-off to define polypharmacy; however, some
studies only include prescribed medicines, while others
also include over-the-counter (OTC) medications (3).

A recent meta-analysis of 54 observational studies es-
timated a pooled prevalence of polypharmacy of 37%
(4). In Germany, polypharmacy is additionally fostered
by the fragmented German healthcare system, and sev-
eral studies have reported prevalences of polypharmacy
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in older adults between 27% and 90% (5-13).
Studies without restrict of their population
to older adults have reported figures be-
tween 4% and 20% (14-16). An analysis
using German routine claims data found
that 14% of about 1.3 million insured per-
sons had multimorbidity—defined as pres-
ence of three or more chronic dis-
eases—combined with polypharmacy (17).
However, almost all studies conducted in
Germany have limitations. Given the strong
association between polypharmacy and
adverse outcomes in older adults, many
studies to date have focused predominantly
on this age group, often excluding young
adults and the middle-aged. Additional
limitations include restricted study areas,
i.e., including only residents of certain cities
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or federal states, small sample sizes, or lack of information on OTC
drug purchases.

Against this backdrop, the present analysis aims to provide esti-
mates regarding the proportion of persons with polypharmacy in Ger-
many, using data that contain information on prescribed and OTC
medications. Moreover, determinants of polypharmacy were assessed
using disease-related and lifestyle variables.

Method

This study utilizes data from the NAKO Health Study, Germany’s
largest cohort study. The primary aim of NAKO is to investigate the eti-
ology of major chronic diseases, their preclinical stages, and func-
tional health impairments. During baseline recruitment (2014-2019)
data from 205053 adults of the general German population aged
20-69 years were collected at 18 study centers in 13 federal states. The
upper age limit at recruitment was 69 years. As the baseline exami-
nations were conducted over several years, some participants had
reached or exceeded the age of 70 years by the time of their baseline
assessment. The probands were randomly sampled from local popu-
lation registries in the catchment areas of the participating study
centers. Because incidence of most chronic diseases peaks in older
age, persons aged =40 years were intentionally oversampled during
recruitment. The response rate was 15.6% overall and varied between
7.6% and 30.7% across study centers (18).

Assessment of medication use

Medication intake was assessed by computer-assisted face-to-face
interviews. Participants were asked to bring packages of all medi-
cations they had used in the previous 7 days. Based on the pharma-
ceutical identification number (PZN) and a database-supported
identification system, detailed information e.g., Anatomical Thera-
peutic Chemical (ATC) code and strength, was recorded for each
medication. In the interview, the following information was collected
for each medication:

® Number of tablets per day

® Duration of use

® Frequency of use (regularly or as needed)

® Prescription by a physician (yes or no)

If participants forgot to bring their packages, the medication was
selected manually from the database-supported identification system.
If selection from the identification system was not possible, the medi-
cation was recorded in free text. Information in free-text fields was
coded manually based on the ATC classification system, where appli-
cable. Dietary supplements and other active ingredients without an
ATC code were coded manually using a classification created specifi-
cally for these substance groups.

In line with previous studies (3), polypharmacy was defined as
reported intake of at least five prescribed or OTC medications at base-
line. Additionally, we looked at hyperpolypharmacy—defined as a
special case of polypharmacy with intake of ten or more medi-
cations—at baseline (3, 19, 20). As in previous nationwide analyses of
polypharmacy in Germany, dietary supplements, homeopathic or
anthroposophical drugs, and non-systemically acting drugs such as
creams and eyedrops were excluded from the definition of polyphar-
macy and hyperpolypharmacy (13, 16). A list of the excluded ATC
codes can be found in eSupplement-Table S1.

We performed a descriptive analysis to estimate the proportions of
study participants with polypharmacy and hyperpolypharmacy. Both
analyses were stratified by sex and age. Only medications taken regu-
larly were included in the main analysis. The analysis was then
repeated using all medications—taken regularly or as needed. Wilson’s
method was used to estimate 95% confidence intervals (95% CI) (21).

The proportions of men and women who used medi-
cations from particular drug classes were calculated to es-
tablish medication use. After exclusion of participants
with incomplete ATC codes—no second-level ATC codes
or missing values for ATC codes (n = 585)—or missing data
on frequency of use (n=530), 203 765 persons were in-
cluded for analysis. Logistic regression models were used
to identify determinants of polypharmacy. A detailed de-
scription of the modeling process can be found in the
eSupplement-Methods.

Data preprocessing and all analyses were performed
using R version 4.3.3 (R Core Team 2023), employing the
packages dplyr (version 1.1.4) (22), data.table (version
1.15.2) (23), and rms (version 7.0-0) (24).

Results

The baseline characteristics of all 203 765 NAKO partici-
pants included in the analysis are presented in Table I and
in eSupplement-Table S2 of the eSupplement-Methods.
The participants’ mean age was 60.5 years for those with
polypharmacy and 61.4years for those with hyper-
polypharmacy. Compared to the total study population,
the frequencies of all assessed comorbidities were higher
in the polypharmacy and hyperpolypharmacy sub-
samples. Altogether, 59.6% of participants with polyphar-
macy and 34.0% of those with hyperpolypharmacy rated
their overall health status as good or better.

The proportions of study participants with polyphar-
macy and hyperpolypharmacy in the total study popu-
lation, stratified by sex and age group, are shown in Table
2. Taking only regularly used medications into account,
14 995 (7.4%, 95% CI [7.2; 7.5]) of the 203 765 participants
were exposed to polypharmacy and 1227 (0.6% [0.57;
0.64]) to hyperpolypharmacy. Polypharmacy was reported
by 6869 of the 102 733 female probands (6.7% [6.5; 6.8])
and by 8126 of the 101 032 male probands (8.0% [7.9; 8.2]).
The proportion of persons with polypharmacy increased
with age: 8465 (16.8% [16.4; 17.1]) of the 50 526 participants
aged 60-69 years and 1066 (24.5% [23.2; 25.8]) of the 4355
participants aged 70-74 years were exposed to polyphar-
macy. Hyperpolypharmacy was present in 505 (0.5% [0.45;
0.54]) female and 722 (0.7% [0.67; 0.77]) male participants.
While hyperpolypharmacy was present in hardly any pro-
bands younger than 50 years, it was observed much more
often in those aged 60 years and older.

Extension to all reported medications, including medi-
cations used as needed, increased the proportions of par-
ticipants with polypharmacy to 11.0% [(10.8; 11.2] of
women and 10.2% [10.0; 10.4] of men (eSupplement-Table
S3).

The Figure shows the top ten drug classes used by men
and women with polypharmacy and hyperpolypharmacy.
Among these ten most frequent used classes of drugs,
nine were consistent between males and females with
polypharmacy and hyperpolypharmacy. Substances for
the treatment of cardiovascular diseases (ATC classes C
and B01) were the most prominent medications.

The determinants of polypharmacy are listed in
eSupplement-Table S4 and discussed in the eSupplement-
Results. In  brief, females had higher odds of
polypharmacy than males after adjustment for age and
comorbidity burden. The probability of reporting
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polypharmacy increased gradually up to the age of
40 years and more sharply thereafter. Previous self-re-
ported diagnoses of myocardial infarction, diabetes and
arterial hypertension, epilepsy, and the presence of de-
pression were also identified as predictors of polyphar-
macy.

Discussion
This study assessed the frequency and determinants of
polypharmacy in a population-based sample from Ger-
many. Polypharmacy was present in 6869 (7.4%) of the
female and 8126 (8.0%) of the male participants, and
hyperpolypharmacy was identified in 505 women (0.5%)
and 722 men (0.7%). These proportions are lower than
those published in previous studies that used samples of
the general German population. A cross-sectional analysis
of the Rhineland study, which included persons aged
between 30 and 95 years, reported the presence of poly-
pharmacy—defined as any use of prescribed and OTC
medications—in 15.9% of the first 5000 participants (14).
An analysis of the first wave of the German DEGS study,
which included adults aged 18-79 years, found polyphar-
macy (defined as in the the Rhineland study) in 18.3% of
the study population (15). An analysis based on data from
the EPIC Heidelberg cohort reported prevalences of poly-
pharmacy—defined as regular intake of prescribed and
OTC medications—of 3.5% and 11.9%. These figures also
resemble our findings (16). Differences in reported poly-
pharmacy prevalence across studies largely reflect meth-
odological heterogeneity, including differences:
e In study populations (e.g., many more highly edu-
cated and healthy participants in NAKO)
® In the definitions of polypharmacy
® Regarding the medications included in the analyses
(e.g., all medications or only those taken regularly,
time window used to assess medication exposure)
® In the data sources used to assess medication expo-
sure
Our findings regarding age and sex differences in medi-
cation use are consistent with the results of an analysis of
prescribed medications based on routine data from a Ger-
man health insurance fund, the Techniker Krankenkasse
(25). In that analysis, the volume of prescribed medi-
cations increased with age. In addition, the report found
sex differences resembling our findings: for example, men
had particularly high prescription volumes for cardiovas-
cular medications. In line with previous studies, we
identified agents acting on the renin-angiotensin system,
beta-blockers, and lipid-lowering agents as drug classes
commonly used by male and female participants with
polypharmacy (10, 14, 26). This is plausible given the
therapeutic overlap of these medications. Notably, several
of the drug classes most frequently used in our
analysis—particularly lipid-lowering agents and antihy-
pertensives—are among those commonly targeted in
deprescribing initiatives. Such initiatives aim to reduce
the medication burden and potentially inappropriate pre-
scribing in older or multimorbid patients. Evidence from
structured deprescribing interventions indicates that
medication reviews focusing on these drug classes can
reduce the treatment burden in selected groups of
patients (27, 28). This suggests that the NAKO population
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Table 1

Characteristics of the 203 765 NAKO participants included in the analysis,
stratified by polypharmacy status*'

Overall Polypharmacy Hyperpolypharmacy
(2 5 medications) (2 10 medications)

203 765 (100) 14 995 (7.4) 1227 (0.6)
Age*3 49.8 (12.8) 60.5 (8.1) 61.4 (7.3)
Female*2 102733 (50.4) 6869 (45.8) 505 (41.2)
Income*?
<60% 28213 (14.9) 0 397 (34.3)
of MNEI
60-< 80% 27 357 (14.4) 2898 (20.7) 256 (22.1)
of MNEI
80-< 100% 27174 (14.3) 1951 (13.9) 138 (11.9)
of MNEI
100-< 150% 58828 (31.0) 3612 (25.8) 242 (20.9)
of MNEI
> 150 % 48321 (25.4) 2297 (16.4) 126 (10.9)
of MNEI
Level of education*?
Low 5161 (2.7) 775 (5.6) 83 (7.5)
Medium 77971 (41.2) 6920 (50.4) 582 (52.8)
High 102013 (53.9) 6005 (43.8) 437 (39.6)
No qualification 4269 (2.3) 19 (0.1) 1(0.1)
Self-rated state of health*>**
Excellent 7282 (3.7) 77 (0.6) 6 (0.5)
Very good 57988 (29.6) 677 (4.9) 20 (1.8)
Good 108 264 (55.3) 7533 (54.1) 347 (31.7)
Less good 20356 (10.4) 4935 (35.4) 565 (51.6)
Poor 1798 (0.9) 706 (5.1) 156 (14.3)
Alcohol consumption*®
Hazardous 68 956 (35.5) 4001 (29.3) 213 (20.0)
consumption
Smoking*2
Never 90 120 (46.2) 4632 (33.6) 332 (30.9)
Former 40019 (20.5) 2697 (19.6) 213 (19.8)
Current 65010 (33.3) 6447 (46.8) 531 (49.3)
Body mass index*?
Underweight 2131 (1.1) 46 (0.3) 2(0.2)
Normal weight 80230 (40.5) 2133 (14.9) 103 (9.0)
Overweight 73110 (36.9) 4826 (33.8) 281 (24.6)
Obese 42682 (21.5) 7290 (51.0) 755 (66.2)

An exhaustive description of the variables and a more detailed version of this Table in-
cluding the presence of comorbidities can be found in eSupplement-Methods and eSupple-
ment-Table S2.

*1 Definitions of polypharmacy and hyperpolypharmacy and a description of documentation
techniques can be found in eSupplement-Methods.

*2 Expressed as n (%)

*3 Expressed as mean (with standard deviation). The upper age limit at the time of recruit-
ment was 69 years. Because the baseline surveys took place over a period of 5 years,
some participants were = 70 years old by the time their baseline data were acquired.

*4 Documented by means of the WHOQOL-BREF questionnaire

*5 Documented by means of the AUDIT-C-Score questionnaire

MNEI, Monthly net equivalent income; n, sample size
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Table 2

Proportions of participants with polypharmacy and hyperpolypharmacy in the total study population and stratified by sex and

age group

BRI

Polypharmacy (2 5 medications)

Proportion (%)

Hyperpolypharmacy (2 10 medications)
[95% CI] m Proportion (%) [95% CI]

All participants 203765 14995 7.4 [7.2;7.5] 1227 0.60 [0.57; 0.64]
Women 102733 6869 6.7 [6.5; 6.8] 505 0.49 [0.45; 0.54]
Men 101032 8126 8.0 [7.9; 8.2] 722 0.72 [0.67; 0.77]
Age group*?

18-29 years 19907 80 0.4 [0.3; 0.5] 3 0.02 [0.01; 0.04]
30-39 years 21550 203 0.9 [0.8; 1.1] 6 0.03 [0.01; 0.06]
40-49 years 52755 1305 2.5 [2.3; 2.6] 80 0.15 [0.12; 0.19]
50-59 years 54672 3876 71 [6.9; 7.3] 307 0.56 [0.50; 0.63]
60-69 years 50526 8465 16.8 [16.4; 17.1] 734 1.45 [1.35; 1.56]
70-74 years 4355 1066 24.5 [23.2; 25.8] 97 2.23 [1.83; 2.71]

*1 Definitions of polypharmacy and hyperpolypharmacy and a description of data assessment can be found in eSupplement-Methods. For the sake of accu-
racy, the figures for hyperpolypharmacy are given to two decimal places. A list of the medications not counted towards polypharmacy can also be found in

eSupplement-Methods.

*2The upper age limit for recruitment was 69 years. Because the baseline surveys were conducted over a period of 5 years, some participants were aged

70 years or over by the time they were interviewed.
Cl, Confidence interval; n, number of participants

includes a substantial proportion of persons for whom
structured medication reviews and deprescribing or
medication optimization could be clinically relevant.

Strengths and limitations

Our analysis provides a comprehensive description of
polypharmacy and hyperpolypharmacy in the NAKO
study. While previous studies focused on certain age
groups, e.g., older adults, or recruited in specific regions
of Germany, we analyzed the entire population aged
19-74 years, stratified by age and sex. Further strengths of
our analysis include the large sample size and the detailed
assessment of medication use. A major strength of NAKO
is the use of computer-assisted face-to-face interviews,
where participants were asked to bring medication pack-
ages used in the previous 7 days. This helped minimize
potential recall bias and missing data on medication
intake.

However, our results are not generalizable to the
German population due to the low response rates—es-
pecially among younger persons (29)—the uneven dis-
tribution of the NAKO study centers across Ger-
many—which led to underrepresentation of rural
areas—and the presence of healthy volunteer bias. Poly-
pharmacy was assessed within the age range covered by
the NAKO cohort, and the absence of participants aged
> 75 years should therefore be considered when inter-
preting the reported prevalences. This is particularly
relevant, as the prevalence of polypharmacy increases
with advancing age. Our oversampling of older age
groups within the NAKO survey could partially mitigate
this limitation, but it does not compensate for the ab-
sence of the oldest age groups. Overall, these limi-
tations cause our estimates of polypharmacy to be

biased downwards and to underestimate the overall
prevalence in the German population.

Although the assessment of medication use within the
previous 7 days allowed for precise monitoring of regu-
larly used medications, drugs taken at longer regular
intervals (e.g., monthly) may have been underreported.
Furthermore, comorbidities were assessed via self-report
in a standardized interview, which may lead to some
degree of misclassification if participants are unaware of
or inaccurately recall their diagnoses. Lastly, we could not
determine whether polypharmacy was inappropriate or a
result of prescribing according to guidelines, as that
information is not included in the data. This is an area of
future research in NAKO. However, focusing on adults
below 75years of age provides important insights into
polypharmacy in midlife and early old age, when preven-
tive strategies and optimization of medication may be
particularly effective in minimizing progression to poly-
pharmacy and medication-related adverse events in later
life.

Conclusions

Our findings show that polypharmacy was relatively com-
mon. Polypharmacy increased with age and was slightly
more common in men than in women. While a particular
strength of this study lies in the assessment of actual
medication intake during the previous 7 days—including
OTC medications available in the NAKO cohort—our find-
ings did not allow us to assess the appropriateness of the
polypharmacy. In this context, medication optimization
should be considered a key strategy to improve drug
safety, particularly in populations with a high medication
burden. Future studies should therefore focus on assessing
medication appropriateness and identifying predictors of
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Classes of drugs in men with polypharmacy

C09 - agents acting on the renin-angiotensin system
C10 - lipid-lowering agents

CO07 - beta-receptor blockers (beta-blockers)

B01 - antithrombotic agents

A10 - antidiabetics

A02 - drugs for acid-related disorders

C08 - calcium-channel blockers

C03 - diuretics

MO04 - antigout preparations

HO3 - thyroid therapy

0%

Classes of drugs in women with polypharmacy

C09 - agents acting on the renin-angiotensin system
CO07 - beta-receptor blockers (beta-blockers)

HO3 - thyroid therapy

A02 - drugs for acid-related disorders

C10 - lipid-lowering agents

B01 - antithrombotic agents

NO6 - psychoanaleptics

A10 - antidiabetics

C08 - calcium-channel blockers

C03 - diuretics

0%

10%

10%

20% 30% 40% 50% 60% 70% 80%  90%

20% 30% 40% 50% 60% 70%

The ten most frequently used classes of drugs in men and women with polypharmacy (at least five medications taken regularly). The figure shows the
proportion of participants regularly taking at least one drug from the ATC class concerned. More than one response could be given.

inappropriate polypharmacy. Furthermore, upcoming de-
velopments, such as the nationwide introduction of elec-
tronic patient records in Germany, should be considered,
as they may influence the frequency and patterns of poly-
pharmacy.
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Methods — Medications excluded from the polypharmacy count and identification of determinants
of polypharmacy

Medications excluded from the count

Table S1: Medications (ATC Codes and ATC groups) excluded from the count

Medication group ATC code
Food supplements Al11, A12, V06, A02X, CI0AX06

NAKO special codes TETO, DIET, NEM, GIT, PROT
Homeopathic or AO1AH, A02XH, AO3AH, AO3HH, AO4AH, AO5AH, AO5BH,
anthroposophical drugs AO07XH, AOSAH, AO9AH, A10XH, A12AH, A12CH, A13AHA,

BO3XH, CO1AH, CO1CH, CO1EH, CO2KH, CO3XH, CO4AH, CO5AH,
CO5CH, CO6AH, DO3AH, DO4AH, DO5BH, D10BH, D11BH,
GO02CH, GO4BH, GO4CH, HO3BH, HO5AH, LO1CH, LO3AH,
MO1BH, M02AH, M0O4AH, MO9AH, NO1BH, NO2BH, NO2CH,
NO4AH, NO5H, NO6AH, NO7CH”, NO7XH, RO1AH, RO1BH,
RO2AH, RO3DH, RO4AH, RO5CH, RO5FH, RO5XH, RO7AH, SO1XH,
S02DH, V60

NAKO special code ALT

Non-systemic drugs AO3AP, CO5AP, RO5DP, D02, D03, D04, D08, D09, D11, R0O2,
R0O4, SO1, V04, V07, V08, V09, V20, DO1A, DO6A, M02B, PO3A,
P0O3B, AO1AA, A0O1AP, DO7AA, DO7BA, DO7CA, DO7XA, GO2CD,
MO9AX, S02DC, C10AX13

NAKO special code DER

Other NAKO special code SON

Determinants of polypharmacy

Logistic regression models were used to estimate adjusted odds ratios (aORs) with 95% Cl for the
association between sociodemographic variables (e.g. age, sex, education, income), comorbidities
(e.g. self-reported medical history of several cardiovascular diseases, diabetes, depression, anxiety)
and lifestyle factors (e.g. alcohol consumption, smoking) and polypharmacy using complete case

data. Variable selection was informed by previous studies(1).

Sociodemographic covariates included in the analysis were sex, age in years (restricted cubic splines
with 4 knots were used to model the non-linear association between age and polypharmacy status),
income group (< 60% of monthly net equivalent income (i.e. at risk of poverty), 60% - < 100% of
monthly net equivalent income, > 100% of monthly net equivalent income), and education in
International Standard Classification of Education categories (low — ISCED 97 levels 0-2, medium —

ISCED 97 levels 3-4, high — ISCED 97 levels 5-6, not finished - still attending school, university, or an
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apprenticeship). Several variables to assess the presence of chronic comorbidities, each defined as
ever being diagnosed with the respective condition, were also included (see table 1 in the main text
for a complete list). Presence of an epilepsy diagnosis was assessed based on an algorithm developed
by members of the NAKO expert group neurological and psychiatric disorders. Based on self-reported
diagnosis, being treated for epilepsy in the last 12 months, time since the first diagnosis of epilepsy,
and use of antiepileptic medicines (ATC NO3), participants were classified as either not being
diagnosed with epilepsy, having a possible diagnosis of epilepsy, or very likely having a diagnosis of
epilepsy. Presence of depressive symptoms was assessed using the results of the PHQ-9
guestionnaire and categorized as no depressive symptoms (PHQ-9 sum score < 10) and depressive
symptoms (PHQ-9 sum score > 10). Presence of symptoms of anxiety was included using the results
of the Generalized Anxiety Disorder Scale-7 (GAD-7) and categorized as no or mild symptoms (GAD-7
sum score < 10) and moderate or severe symptoms (GAD-7 sum score > 10). A detailed description of
the questionnaires and scales used to assess psychiatric disorders in the NAKO was published
elsewhere (1, 2). As the NAKO only includes information about selected comorbidities, self-rated
health, assessed using the WHOQOL-BREF(3, 4) (categorized as excellent, very good, good, fair, poor)
was included as a proxy for overall health status. Furthermore, the following lifestyle factors were
included in the model: Risky alcohol consumption (AUDIT-C score > 4 for men and > 3 for women),
smoking (never, former, current), and BMI category (underweight, normal weight, overweight,
obesity). In the NAKO BMI categories were defined using the WHO standards: Underweight: BMI

< 18.5, normal weight: BMI > 18.5 to < 25.0, overweight: BMI > 25 to < 30.0, obesity: BMI > 30.
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Results - Determinants of polypharmacy

Table S4 shows the results of the logistic regression model. The aim of this multivariable analysis was
not to develop a predictive model, but to estimate the association between predefined determinants
and polypharmacy while adjusting for potential confounding factors. The analysis included non-
modifiable determinants, including age, sex, and comorbidities as well as modifiable factors such as
smoking behavior and alcohol consumption. Females had higher odds of polypharmacy compared to
males (aOR =1.20, 95% Cl (1.14-1.26)). While the proportion of polypharmacy was higher among
men (Table 2 in the main manuscript), adjustment for age and comorbidity burden reversed this
association, indicating that female sex was independently associated with polypharmacy at
comparable levels of morbidity. The effect of age on the probability of reporting polypharmacy is
shown in figure S2. The probability of reporting polypharmacy gradually increased up to the age of 40
and more sharply thereafter. Compared with participants at risk of poverty, participants of the
highest income group were more likely to experience polypharmacy. The slightly higher likelihood of
polypharmacy among individuals with higher income may reflect differences in healthcare utilisation
and access to medical care, potentially leading to higher rates of diagnosis and treatment of chronic

conditions rather than overtreatment.

Compared with participants who rated their health as excellent, those who saw themselves as being
in good, fair, or poor health had higher odds of polypharmacy. Almost all comorbidities included in
the model increased the odds of polypharmacy. The odds of polypharmacy were 3.7 times higher
(aOR =3.71, (3.29-4.18)) in participants who reported a previous diagnosis of myocardial infarction,
2.7 times higher (aOR = 2.74, (2.58-2.91)) in participants with a self-reported diagnosis of diabetes,
and 2.4 times higher (aOR = 2.37, (2.26-2.48)) in patients who reported being diagnosed with arterial
hypertension, compared to participants who did not report the respective diagnosis. This is
consistent with the high proportion of cardiovascular drug users (Figure 1 in the main manuscript)
and in line with previous European studies investigating determinants of polypharmacy (5-7). Among

the psychiatric and neurologic conditions included in the analyses, a previous self-reported diagnosis
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of epilepsy and presence of depression increased the odds of experiencing polypharmacy. These
findings are supported by previous studies that described a high comorbidity burden among patients
with epilepsy (8) and depression (9). Overall, the comorbidities associated with higher odds of
polypharmacy are consistent with multimorbidity patterns in Germany identified in previous studies

(10-12).

Compared with normal weight, the odds ratios were 0.90 (0.69-1.18) for underweight, 0.86 (0.67-
1.14) for overweight, and 1.06 (0.82-1.40) for obesity, indicating no clear independent association
between BMI category and polypharmacy. In the regression model, BMI was included as a categorical
variable, whereas most comorbidities (e.g., diabetes or cardiovascular diseases) were included as
binary indicators. Consequently, the estimated odds ratios reflect the effect of changing a weight
category, which represents a much smaller change in health status compared with the presence
versus absence of a chronic disease. In addition, part of the association between obesity and
polypharmacy may be mediated through obesity-related conditions such as diabetes and
cardiovascular diseases, which were included separately in the model. Adjusting for these conditions

may therefore attenuate the independent association between BMI and polypharmacy.

Table S4: Determinants of polypharmacy in the NAKO.

Adj. Odds
Parameter ratio 95% Cl
(Intercept) 0.01 (0.00-0.01)
Sociodemographic factors
Sex
Male (reference)

Female 1.20 (1.14-1.26)



Income

< 60% of MINEI

60% -< 80% of MNEI

80% -< 100% of MNEI

100% -< 150% of MNEI

> 150% of MNEI

Level of education

Low

Medium

High

Not finished

Comorbidities and self-rated health

Medical history of

Any allergy

Myocardial infarction

Coronary heart disease / angina pectoris

Heart failure

Cardiac arrhythmia

Peripheral arterial disease (of the extremities)

Arterial hypertension

(reference)

1.02

1.06

1.04

1.15

1.02

0.96

(reference)

0.95

1.06

3.71

2.35

1.24

1.40

1.36

2.37

(0.95-1.11)

(0.98-1.15)

(0.97-1.11)

(1.07-1.24)

(0.90-1.17)

(0.84-1.10)

(0.64-1.36)

(1.02-1.11)

(3.29-4.18)

(2.13-2.59)

(1.12-1.37)

(1.32-1.49)

(1.21-1.53)

(2.26-2.48)



Diabetes

High blood fat levels

Gout or other uric acid disease

Thyroid disease

Chronic bronchitis or COPD

Asthma

Peptic ulcer

Heartburn

Ulcerative colitis or Crohn’s Disease

Backpain (daily for more than three months)

Osteoporosis

Osteoarthritis

Limited kidney function or renal insufficiency

Any cancer

Depression

Anxiety

No or mild symptoms

Moderate or severe symptoms

Epilepsy

No diagnosis

2.74

1.39

1.46

1.64

1.23

1.43

1.00

1.37

1.70

1.05

1.39

1.07

1.15

1.29

1.24

(reference)

0.94

(reference)

(2.58-2.91)

(1.33-1.45)

(1.35-1.58)

(1.56-1.72)

(1.14-1.33)

(1.34-1.54)

(0.93-1.08)

(1.31-1.44)

(1.45-1.98)

(1.00-1.10)

(1.27-1.52)

(1.02-1.13)

(1.03-1.29)

(1.21-1.38)

(1.14-1.35)

(0.85-1.04)



Possible diagnosis 2.32 (1.85-2.88)

Very likely diagnosis 1.63 (1.09-2.39)

Self-rated health

Excellent (reference)
Very good 0.93 (0.75-1.15)
Good 1.48 (1.21-1.83)
Less good 2.70 (2.19-3.36)
Poor 2.88 (2.22-3.76)
Lifestyle factors
Risky alcohol consumption 0.93 (0.88-0.97)
Smoking
Never (reference)
Current 1.03 (0.97-1.10)
In the past 1.13 (1.08-1.19)

Body mass index

Normal weight (reference)

Underweight 0.90 (0.69-1.18)
Overweight 0.86 (0.67-1.14)
Obesity 1.06 (0.82-1.40)

155 Notes: Multivariate logistic regression model to estimate the association between polypharmacy and
156 covariates. Restricted cubic splines with four knots were used to model the non-linear association between age
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and polypharmacy status. The partial effect of age on the probability of reporting polypharmacy is shown in
figure S2. Polypharmacy was defined as regular use of five or more medicines. MNEI: monthly net equivalent
income.



161 Figure S2: Partial effect of age on the probability of reporting polypharmacy.
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