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Abstract. Degen M, Haug U, Scholle OHF, Awuku-
Larbi Y, Carlsson S, Ebert N, et al. Factors asso-
ciated with potentially inappropriate medication
use, medication underuse and overuse in older
adults in the German National Cohort. J Intern
Med. 2026;299:754-75.

Background. Effectively identifying individuals
exposed to drug underuse, overuse and potentially
inappropriate medication (PIM) in older adults is
essential for minimizing preventable drug-related
harms.

Methods. We analysed data from 54,296 individu-
als aged 60-74 years from the German National
Cohort (NAKO). We assessed the frequency of
PIM, untreated conditions (medication and vacci-
nation underuse) and medications without indi-
cation (overuse) utilizing the Fit fOR The Aged
(FORTA) list. Factors associated with PIM, medica-
tion overuse and underuse were identified by mul-
tivariable logistic regression models.

Results. The frequency of PIM, underuse and
overuse of medications was 26.1%, 19.1% and
23.6%, respectively. In participants with avail-
able vaccination information, 90.6% and 62.7%
did not have the recommended pneumococcal
and annual influenza virus vaccinations, respec-
tively. Parkinson’s disease, arterial hypertension,
epilepsy and depression were strongly associated
with PIM use, with 16.2-, 4.5-, 4.3- and 2.1-
fold increased odds, respectively. Osteoporosis,
atrial fibrillation, Parkinson’s disease and chronic
obstructive pulmonary disease were identified as
particularly strongly associated with underuse,
with 9.5-, 6.1-, 2.6- and 2.0-fold increased odds,
respectively. Depression and epilepsy were the
most prominent factors associated with overuse
(1.6- and 1.5-fold increased odds).

Conclusion. PIM and medication overuse, as well
as drug and vaccine underuse, are very com-
mon among older German individuals. Compre-
hensive medication reviews are needed to improve
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medication quality. This work identifies people with
specific characteristics who would benefit the most
and could be prioritized for medication reviews.

Keywords: geriatrics, internal medicine, medication
review, pharmacoepidemiology, quality of health-
care

Abbreviations: BMI, body-mass-index; CI, confidence
interval; COPD, chronic obstructive pulmonary
disease; FORTA, Fit fOR The Aged; OR, odds ratio;
PIM, potentially inappropriate medication; RCT,
randomized controlled trial

Background

Optimizing pharmacotherapy for older individuals
is an ongoing challenge in our ageing society. In
recent years, the focus has shifted away from
merely reducing medication quantity to improving
medication quality. This encompasses address-
ing three subdomains: overuse, underuse and
drugs with an expected poor risk-benefit ratio in
older patients, so called potentially inappropriate
medications (PIMs) [1-3].

Accumulating evidence linking suboptimal med-
ication quality to poor health outcomes, such
as functional impairments, hospitalizations and
premature death [4-7], indicates a necessity
to improve overall medication quality in older
adults. However, under- and overuse of med-
ications have received little attention in prior
research, and PIM use remains common, with
a proportion ranging from 10.8% to 37.4%
among older adults in the general German
population [8-11].

Among a broad variety of medication assessment
tools [2, 3, 12-20], the Fit fOR The Aged (FORTA)
list [20] addresses all three subdomains of sub-
optimal medication quality and is tailored to the
medication availability and prescribing patterns
in Germany. It has been coherently evaluated by
a large number of multidisciplinary experts and
is regularly updated, reflecting its consolidated
validity and recent advances in geriatric pharma-
cotherapy, and has been validated in a randomized
clinical trial [7].

The German National Cohort (NAKO) represents
the largest German epidemiologic cohort study
with recruitment in the whole country. The wide
scope of available data, including self-reported
data, medical and functional assessments and
blood-based biomarkers [21], enables the investi-
gation of potential factors associated with PIM use,

medication underuse or overuse more comprehen-
sively than in any previous study [8-10, 22-25].

Therefore, we aimed to assess the frequency and
factors associated with overuse, underuse and PIM
use among older adults (60-74 years) who partici-
pated in the baseline assessment of the NAKO.

Materials and methods
Data source

We conducted a cross-sectional study based on
data from the baseline assessment visit of the
NAKO, a large national, multi-centre, population-
based, prospective cohort study that recruited
approximately 205,000 participants aged 19 to 74
years in 18 assessment centres between 2014 and
2019. Detailed methods have been published else-
where [21].

Study population

Out of 204,666 participants with available base-
line data, we included those aged 60-74 years, with
available information on medication use, resulting
in n = 54,296 participants eligible for our main
analysis (Fig. S1). Thereof, n = 5575 participants
fully completed the NAKO vaccination data mod-
ule. The upper age cut-off was given by the inclu-
sion criteria of the NAKO, and the lower age cut-off
was chosen in a trade-off between sample size and
fit of the population. Although the age cut-off of 65
years is more commonly used, 60 years has also
been used in prior research on medication quality
among older adults [6, 26, 27].

Data collection

Sociodemographic information and lifestyle factors
were collected through touchscreen questionnaires
and interviews. Information about diseases was
based on self-reported data, where participants
were asked if they had ever been diagnosed with
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a specific condition by a physician. The PHQ-9
questionnaire was utilized to assess moderate to
severe depressive symptoms (PHQ-9 sum scores
15-19 and >20, respectively). Functional assess-
ments (e.g., blood pressure measurement) were
conducted during physical examinations.

Medication use was assessed by computer-
assisted, face-to-face interviews. Participants were
asked to bring packages of the medications they
had used in the past 7 days, and if they forgot,
they were called by phone after the study cen-
tre visit. In the interview, additional information
was collected for each medication (such as pre-
scription drugs and regular use or as needed).
Vaccination information was extracted from par-
ticipants’ vaccination booklets and additional
questionnaires.

Assessment of medication quality: overuse, underuse
and potentially inappropriate medication (PIM) use

We assessed medication quality considering
the three subdomains, PIM use, underuse and
overuse, as dichotomized exposures based on the
2024 version of the FORTA list, which classifies
medications into four categories, encompassing
A (indispensable), B (beneficial), C (questionable)
and D (avoid) [20].

The three subdomains were defined as follows:

(a) Overuse: any FORTA medication without an
appropriate indication.

(b) Underuse: any untreated FORTA indication.
To determine the need for medication, we also
incorporated clinical biomarkers, for example,
HbA,. levels in participants with diabetes, as
detailed in Table S1.

(c) PIM: any medication classified as FORTA C or
D used in participants with the according indi-
cation.

Out of 23 common geriatric indications listed
in the FORTA list [20], we included 17 indica-
tions predominantly based on self-reported life-
time history of diagnoses and occasionally com-
plemented by additional criteria such as diag-
nostic tools. The detailed definitions and assess-
ments in the NAKO are listed in Table S1. Acute
bacterial infections, nausea/vomiting and con-
stipation were not included because these are

not chronic diseases requiring long-term medica-
tion. Anaemia, incontinence, bipolar disorder and
behavioural/psychological symptoms of demen-
tia were not included since relevant information
about these diagnoses was not available. Insom-
nia requiring medical treatment could not be dis-
tinguished from other types of insomnia and was
therefore also excluded from our underuse assess-
ment. Possible alternative medications and indi-
cations not included in the FORTA list were also
considered to mitigate the risk of misclassifica-
tion of over- and underuse. The full list of poten-
tial medications to be used for these 17 indica-
tions and the assessed vaccinations is provided in
Table S2.

We only included pneumococcal and annual
influenza vaccines in our vaccination assessment
because herpes zoster, COVID-19 and respiratory
syncytial virus (RSV) vaccines were not part of the
national recommendations for vaccination among
older adults in the entire recruitment period (2014—
2019). The recommendations for herpes zoster,
COVID-19 and RSV vaccinations were announced
later in 12/2018, 12/2020 and 04/2025, respec-
tively [28-30]. Due to the small proportion of par-
ticipants with complete available information on
vaccinations (10.3%), we reported underuse of vac-
cines separately from underuse of other medica-
tions. We assessed the representativeness of this
subpopulation with vaccination data by compar-
ing the baseline characteristics of the included
subsample with the baseline characteristics of
those not included, and no major differences were
observed (Table S3).

Statistical analyses

We used multivariable logistic regression models
to identify factors associated with PIM use, under-
use, and overuse of medications as dependent vari-
ables. Results were presented as odds ratios (ORs)
with 95% confidence intervals. Overall, 32 fac-
tors, including sociodemographic/-economic fac-
tors, lifestyle factors, study centre and diseases,
were selected based on subject matter knowledge.
Multicollinearity and model stability were tested
with the variation inflation index. After exclusion
of self-perceived general health status, no variable
had a variance inflation factor >8. Therefore, the
full model was adjusted for 31 independent vari-
ables, which are shown in Table 1. Additionally,
models only adjusted for age, sex and study centre
were computed.
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Table 1. Distribution of potential factors associated with (PIM) use, medication underuse and overuse in the analysed study
population of the NAKO (N = 54,296).

Proportion (%)? Proportion (%)?
Proportion (%)? of individuals of individuals
Characteristics N (%)? of PIM users with underuse with overuse
Sociodemographic/-economic factors
Sex —
Female 27,189 (50.1) 27.4 21.0 26.1
Male 27,107 (49.9) 24.8 17.2 22.0
Age group, years —
60-64 25,853 (47.6) 24.0 19.3 21.7
65-69 24,121 (44.4) 27.6 18.8 24.8
>70 4322 (8.0) 30.6 19.5 28.1
Study centre -
Augsburg 5513 (10.2) 25.6 20.6 23.5
Regensburg 2678 (4.9) 28.6 18.5 27.6
Mannheim 2558 (4.7) 24.8 18.7 25.8
Freiburg 2654 (4.9) 20.2 21.9 21.3
Saarbriicken 2723 (5.0) 25.5 20.3 26.4
Essen 2670 (4.9) 27.5 21.8 25.7
Munster 2557 (4.7) 21.3 19.3 24.2
Dusseldorf 2364 (4.4) 24.5 19.4 27.4
Halle 2807 (5.2) 34.3 17.4 24.5
Leipzig 2840 (5.2) 32.6 20.1 20.9
Berlin North 2684 (4.9) 24.5 18.7 20.4
Central Berlin 2772 (5.1) 23.8 19.7 22.6
Berlin South 2718 (5.0) 21.9 19.0 23.4
Hannover 2866 (5.3) 24.0 18.6 22.7
Hamburg 2595 (4.8) 20.5 19.0 23.2
Bremen 2753 (5.1) 21.8 18.6 19.0
Kiel 2511 (4.6) 25.4 17.8 23.7
Neubrandenburg 3401 (6.3) 33.3 16.6 23.2
Neustelitz 809 (1.5) 31.9 18.9 21.3
Waren (Muritz) 1125 (2.1) 33.0 13.0 23.3
Demmin 698 (1.3) 36.5 17.2 25.8
IncomeP —
Low 30,479 (56.1) 30.4 20.4 24.7
Middle 16,866 (31.1) 22.0 17.8 22.1
High 6951 (12.8) 17.3 16.6 22.1
Years of education —
<13 2251 (4.1) 35.1 23.4 27.6
>13 52,045 (95.9) 25.7 18.9 23.4
Social network index® —
I+1I 29,454 (54.2) 27.6 20.0 24.2
I + IV 24,842 (45.8) 24.3 18.0 22.7
Lifestyle factors
BMI (kg/m?) —
<20 1177 (2.2) 16.4 21.5 22.9
20-24.9 14,569 (26.8) 17.5 19.5 22.0
25-29.9 22,728 (41.9) 24.2 18.7 22.3
>30 15,822 (29.1) 37.6 19.2 26.6
Physical activity leveld —
Insufficient 6896 (12.7) 32.1 19.0 26.1
Sufficient 47,400 (87.3) 25.2 19.1 23.2
Alcohol consumption® —
Abstainer 5126 (9.4) 35.8 22.2 29.8
Low 43,113 (79.4) 25.1 18.7 22.7
Moderate to high 6057 (11.2) 258 19.2 24.3
(Continued)
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Tabhle 1. (Continued)

Proportion (%)?

Proportion (%)?

of individuals

Proportion (%)?

of individuals

Characteristics N (%) of PIM users with underuse with overuse
Smoking status —

Never smoker 23,614 (43.5) 253 18.5 222,

Former smoker, years since quit

>20 years 12,799 (23.6) 253 18.8 22.8
<20 years 8810 (16.2) 27.9 20.3 26.9

Current smoker 9073 (16.7) 27.7 19.9 25.7
Comorbidities
Diabetes 6684 (12.3) 47.4 20.9 30.6
Arterial hypertension 26,961 (49.7) 40.8 21.4 25.1
Atrial fibrillation/Arrhythmia 8235 (15.2) 38.5 47.0 22.7
Stroke 1879 (3.5) 45.1 26.4 29.9
Myocardial infarction 2234 (4.1) 36.6 17.8 25.7
Heart failure 2976 (5.5) 43.1 31.2 30.3
Acute coronary syndromes 4391 (8.1) 34.4 20.5 24.8
Asthma 3944 (7.3) 31.8 27.7 25.3
COPD 4069 (7.5) 38.7 35.0 27.8
Osteoporosis 3955 (7.3) 36.7 61.1 24.9
Thyroid disease/Hypothyroidism’ 14,951 (27.5) 30.5 21.8 26.7
History of fractures® 9703 (17.9) 27.6 24.6 23.7
PainP 36,887 (67.9) 29.8 21.7 23.9
Parkinson’s disease 197 (0.4) 80.2 38.6 31.0
Cognitive impairment/Dementia’ 2234 (4.1) 41.0 30.2 24.1
History of depression 8531 (15.7) 42.1 26.2 32.5
Epilepsy 396 (0.7) 60.1 22.0 34.1
Insomnia 13,836 (25.5) 29.1 22.3 23.5
Gastrointestinal symptoms¥ 16,540 (30.5) 34.1 26.4 24.6
History of cancer 7612 (14.0) 29.3 20.9 26.5
Renal impairment! 2728 (5.0) 41.5 18.3 33.4

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; PIM, potentially inappropriate
medication.

aCalculated from first imputed dataset.

PAverage total household income before tax. Categories: low: <€2900; middle: €2900-<€5000; high: >€5000.
CCategories: I (isolated) to IV (least isolated).

dAdherence to WHO recommendations following global physical activity questionnaire (GPAQ). Categories: sufficient:
>600 metabolic equivalent of task (MET)-min/week; insufficient: <600 MET-min/week.

€Alcohol consumption, g ethanol per day. Categories: abstainer: 0 g/day; low: women 0-19.99 g/day or men O-
39.99 g/day; moderate-high: women >20 g/day or men >40 g/day.

fLifetime history of thyroid disease, self-reported. Underuse for the indication hypothyroidism was only considered in
individuals with TSH > 8.0 mU/L (cut-off for treatment of older patients suggested by FORTA list).

gFractures since aged 50 years.

hPain-related diagnoses included certain or likely migraine or tension headache in the last 12 months (following the third
edition of The International Classification of Headache Disorders), and self-reported information on arthritis, osteoarthri-
tis, and gout.

iBased on the interview question ‘Have you ever contacted a physician due to memory difficulties or are you planning to
speak to a physician about it?".

iLifetime history of depression, self-reported.

KCombination of self-reported information on reflux, peptic ulcer (Have you ever been diagnosed with this condition by a
physician?’) and regular intake of NSAIDs (ATC MO1A). Underuse for this indication was only considered if the participant
was diagnosed with reflux or peptic ulcer in the year of their baseline assessment and in participants regularly taking
NSAIDs.

IEstimated glomerular filtration rate <60 mL/min/1.73 m?, calculated based on CKD-EPI equation.
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We utilized multiple imputations with the fully con-
ditional specification method [31] and created five
imputed datasets to handle missing covariates.
Indications for medication use were not imputed.
Instead, we assumed the absence of the indication
if this information was missing. No covariate had
more than 30% of missing values. The proportions
of missing values for imputed covariates (Table S4)
and medical indications (Table S5) are listed in the
appendix. Details about the imputation procedure
are outlined in Text S1.

We used SAS statistical software (version 9.4, SAS
Institute, Inc.) for the statistical analyses. All sta-
tistical tests were two-tailed, with a significance
level set at « = 0.05 and p-values adjusted for mul-
tiple testing using the false discovery rate [32] per
model and outcome.

Results
Characteristics of the study population

The baseline characteristics of the study popula-
tion (n = 54,296) are presented in Table 1. The
median age was 65 years (interquartile range: 62—
67), and half of the population was female (50.1%).
The proportion of PIM wusers, individuals with
underuse, and individuals with overuse in the total
study population was 26.1%, 19.1% and 23.6%,
respectively. Table 1 also shows descriptively how
these proportions vary according to baseline char-
acteristics.

Frequency of and factors associated with PIM use

For the participants (N = 14,182 (26.1%)) using
at least one PIM, the ranking of the proportions
according to indication is presented in Table 2. The
largest proportions of individuals taking a PIM to
treat the specific indication were observed among
patients with Parkinson’s disease (59.9%), epilepsy
(39.9%), arterial hypertension (27.1%), atrial fibril-
lation (23.4%) and a history of depression (22.4%).

The results of the age, sex and study centre—
adjusted logistic regression model of potential fac-
tors associated with PIM use are provided in Table
S6. Table 3 lists the results of the full model.
Among the sociodemographic/-economic factors,
we observed 12% lower odds for PIM use in males
compared to females. In participants aged 65-69
and >70 years, 10% and 17% higher odds for PIM
use were observed, respectively, compared to those
aged 60-64 years. Furthermore, participants with

middle and high income had 11% and 19% lower
odds for using PIM relative to participants with low
income. We observed 14% lower odds for PIM use
among participants with >13 years compared to
<13 years of education. We also observed differ-
ences in the detected PIM rates in the 21 study cen-
tres. Compared to Augsburg, which was the largest
study centre and recruited 10.2% of the study par-
ticipants, 8 study centres had statistically signif-
icantly higher or lower odds for PIM use, with a
range from 13% lower odds in Hamburg to 49%
increased odds in Neubrandenburg.

Obesity (defined as body-mass-index [BMI] > 30;
38% increased odds compared to normal BMI) and
alcohol abstinence (29% increased odds compared
to low alcohol consumption) were the lifestyle risk
factors with the strongest association with PIM use.
We further identified overweight (BMI 25-29.9) and
current smoking as additional associated factors,
with 12% and 16% increased odds for PIM use.
Conversely, participants with sufficient physical
activity had 16% lower odds for PIM use compared
to participants with insufficient physical activity.

Overall, 18 out of 21 tested diseases were statisti-
cally significantly associated with PIM use. Parkin-
son’s disease, arterial hypertension, epilepsy and
depression were the most important factors asso-
ciated with PIM use (OR > 2), with 16.2-, 4.5-
, 4.3- and 2.1-fold increased odds, respectively.
Acute coronary syndromes (39% lower odds) were
the only morbidities that were inversely associated
with PIM use.

Frequency of and factors associated with medication
underuse

We identified 10,371 (19.1%) participants with
underuse.

The results from the age, sex and study centre—
adjusted logistic regression model for the potential
factors associated with underuse are presented in
Table S6. In the full model (Table 3), males had
8% higher odds for underuse compared to females.
Compared to those aged 60-64 years, participants
aged 65-69 and >70 years had 16% and 25% lower
odds for medication underuse, respectively. Partic-
ipants in 9 out of 21 study centres had statistically
significantly lower odds for underuse compared to
participants attending the study centre in Augs-
burg. The lowest odds for underuse were observed
in Waren (MTritz) (49% lower odds).
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Table 2. Ranking of proportion of participants with PIM use per indication in NAKO participants aged 60-74 years
(N = 54,296).

N (%) with PIM use for

Indication Nindication (%) specific indication
Parkinson’s disease 197 (0.4) 118 (59.9)
Epilepsy 396 (0.7) 158 (39.9)
Arterial hypertension 26,961 (49.7) 7295 (27.1)
Atrial fibrillation /Arrhythmia 8235 (15.2) 1931 (23.4)
History of depression® 8745 (16.1)° 1963 (22.4)
Heart failure 2976 (5.5) 398 (13.4)
Cognitive impairment/Dementia® 2234 (4.1) 250 (11.2)
Paind 36,887 (67.9) 3838 (10.4)
Myocardial infarction 2234 (4.1) 203 (9.1)
Diabetes 6684 (12.3) 571 (8.5)
Osteoporosis 3955 (7.3) 268 (6.8)
COPD 4069 (7.5) 257 (6.3)
Acute coronary syndromes 4391 (8.1) 273 (6.2)
Insomnia 13,836 (25.5) 814 (5.9)
Gastrointestinal symptoms® 16,540 (30.5) 101 (0.6)
Stroke 1879 (3.5) 11 (0.6)
Thyroid disease/Hypothyroidismf 14,951 (27.5) naf

Note: PIM exposure was defined according to the ‘Fit fOR The Aged’ (FORTA) list 2024.

Abbreviations: COPD, chronic obstructive pulmonary disease; na, not available; PIM, potentially inappropriate medica-
tion.

aLifetime history of depression, self-reported.

PIncluding 8531 participants with self-reported history of depression and 214 additional participants with moderate to
severe depressive symptoms according to PHQ-9.

°Based on the interview question ‘Have you ever contacted a physician due to memory difficulties or are you planning to
speak to a physician about it?".

dpain-related diagnoses included certain or likely migraine or tension headache in the last 12 months (following the third
edition of The International Classification of Headache Disorders), and self-reported information on arthritis, osteoarthri-
tis and gout.

¢Combination of self-reported information on reflux, peptic ulcer (Have you ever been diagnosed with this condition by a
physician?) and regular intake of NSAIDs (ATC MO1A).

fLifetime history of thyroid disease, self-reported. No PIM defined for this indication.

In contrast to other lifestyle factors, only obe-
sity was statistically significantly associated with
underuse, with 18% lower odds for underuse
among obese participants compared to those with
a normal BMI.

We detected 12 out of the 21 tested dis-
eases as being statistically significantly associ-
ated with underuse. Thereof, osteoporosis (9.5-
fold increased odds), atrial fibrillation (6.1-fold
increased odds), Parkinson’s disease (2.6-fold
increased odds) and chronic obstructive pul-
monary disease (COPD) (2.0-fold increased odds)
were identified as particularly strongly associated

with underuse (OR > 2). The ranked proportions
of participants with underuse per indication are
presented in Table 4. We observed that more than
half of the participants with osteoporosis (51.7%)
and more than a third (38.7%) of the participants
with atrial fibrillation had medication underuse for
the specific indication. Parkinson’s disease ranked
fourth with 15.7% and COPD ranked sixth with
11.2% of patients with underuse.

Conversely, a lifetime history of an acute coronary
syndrome and renal impairment were inversely
associated with underuse, with 33% and 25% lower
odds.

760 © 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Table 4. Ranking of proportion of participants with underuse of medication per indication in NAKO participants aged 60-74
years (N = 54,296).

N (%) with underuse for

Indication Nindication specific indication
Osteoporosis 3955 (7.3) 2046 (51.7)
Atrial fibrillation/Arrhythmia 8235 (15.2) 3187 (38.7)
Heart failure 2976 (5.5) 498 (16.7)
Parkinson’s disease 197 (0.4) 31 (15.7)
Stroke 1879 (3.5) 267 (14.2)
COPD 4069 (7.5) 457 (11.2)
Arterial hypertension 26,961 (49.7) 1990 (7.4)
Gastrointestinal symptoms? 16,540 (30.5) 1110 (6.7)
Acute coronary syndromes 4391 (8.1) 265 (6.0)
Diabetes 6698 (12.3) 336 (5.0)
Cognitive impairment/DementiaP 2234 (4.1) 105 (4.7)
Myocardial infarction 2234 (4.1) 103 (4.6)
Pain® 36,887 (67.9) 1620 (4.4)
History of depression? 8531 (15.7) 89 (1.0)¢
Thyroid disease/Hypothyroidism’ 14,951 (27.5) 12 (0.1)
Epilepsy 396 (0.7) 0 (0.0)

Note: Exposure was defined according to the ‘Fit fOR The Aged’ (FORTA) list 2024.

Abbreviation: COPD, chronic obstructive pulmonary disease.

2Combination of self-reported information on reflux, peptic ulcer ('Have you ever been diagnosed with this condition by
a physician?’) and regular intake of NSAIDs (ATC MO1A). Underuse was only considered if the participant was diagnosed
with reflux or peptic ulcer in the year of their baseline assessment and in participants regularly taking NSAIDs.

PBased on the interview question ‘Have you ever contacted a physician due to memory difficulties or are you planning to
speak to a physician about it?’.

®Pain-related diagnoses included certain or likely migraine or tension headache in the last 12 months (following the third
edition of The International Classification of Headache Disorders), and self-reported information on arthritis, osteoarthri-
tis and gout.

dLifetime history of depression, self-reported.

¢Underuse was only considered in untreated individuals with severe depression according to the patient health question-
naire (PHQ-9, sum score >20).

fLifetime history of thyroid disease, self-reported. Underuse was only considered in individuals with TSH > 8.0 mU/L
(cut-off for treatment of older patients suggested by FORTA list).

Frequency of and factors associated with medication the fully adjusted model (Table 3), we observed
overuse 25% lower odds for overuse in males compared

Medication overuse was detected in 12,787 (23.6%) J_[O femgl(.es, and 21% and 46% increased odds
participants. The most frequently overused drug mn part1cql:>lants aged 65-69 and Z70hy cars con-
classes are ranked in Table 5. No indication for low- pared to those aged 60—.64.y cars. 'Fu1'”t CIMore, Six
dose acetylsalicylic acid (ASA), hormone replace- study centres were statistically significantly asso-

ment therapy (HRT), proton pump inhibitors (PPIs) ci.ated with overuse, ranging from statis.tically sig-
and antidepressants use could be found in 5.1%, nificantly 22% lower odds for overuse in Bremen

3.6%, 3.3% and 2.2% of the total study popula- to 21% increased odds in Regensburg compared
to the study centre in Augsburg. No other socio-

economic/-demographic factors were statistically
significantly associated with overuse after adjust-
ment for multiple testing.

tion, respectively. All other medication classes were
identified as being overused in less than 2% of the
total study population.

For the factors associated with overuse, the results
from the age, sex and study centre-adjusted logis- All assessed lifestyle factors were associated with
tic regression models are provided in Table S6. In overuse. Obesity and alcohol abstinence, as well

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine. 765
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Table 5. Ranking of medication classes classified as
overuse in NAKO study participants aged 60-74 years
(N = 54,296).

N (%)
Among total study
population
Medication (N = 54,296)
ASA, low-dose 2769 (5.1)
Hormone replacement therapy 1953 (3.6)
Proton-pump inhibitors 1799 (3.3)
Antidepressants 1195 (2.2)
Antidementia drugs?® 774 (1.4)
Antihypertensives 785 (1.4)
Anticoagulants 725 (1.3)
Beta blockers 531 (1.0)
Drugs used in obstructive airway 531 (1.0)
diseasesP
Ginkgo and ginseng preparations 519 (1.0)
Expectorants, mucolytics® 485 (0.9)
Benzodiazepines, z-drugs 467 (0.9)
Levothyroxine 455 (0.8)
Antiparkinson medications 440 (0.8)
Systemic glucocorticoids 390 (0.7)
Diuretics 338 (0.6)
Statins 264 (0.5)
Antipsychotics 171 (0.3)
Sedative antihistamines 167 (0.3)
NSAIDs for long-term use 154 (0.3)
Paracetamol 143 (0.3)
Antiplatelet drugs except ASA 130 (0.2)
Antiepileptics 125 (0.2)
Antidiabetics 119 (0.2)
Metamizole 117 (0.2)
Antiarrhythmics 77 (0.1)
Nitratesd 73 (0.1)
Opioids 72 (0.1)
Bisphosphonates 66 (0.1)
Lipid modifying agents except statins 64 (0.1)
H2 receptor antagonists 43 (0.1)
Other 68 (0.1)

Note: Exposure was defined according to the ‘Fit fOR The
Aged’ (FORTA) list 2024.

Abbreviations: ASA, acetylsalicylic acid; NSAIDs, non-
steroidal anti-inflammatory drugs.

2Excluding ginkgo and ginseng preparations.

PIncluding theophylline, roflumilast, inhalative corticos-
teroids, inhalative anticholinergics and inhalative beta 2
mimetic agents.

¢Including mucolytic agents and antitussives.
dIncluding molsidomine.

as current and <20 years since quitting smoking,
were positively associated with overuse, whereas
sufficient physical activity was inversely associated
with it.

After adjustment for multiple testing, 12 out of the
21 tested diseases were statistically significantly
associated with overuse. Thereof, a lifetime his-
tory of depression (1.6-fold increased odds) and
epilepsy (1.5-fold increased odds) were the factors
exhibiting the strongest association (OR > 1.5).
Conversely, atrial fibrillation, acute coronary syn-
dromes and pain were inversely associated with
overuse, with 18%, 14% and 9% lower odds for
overuse.

Frequency of vaccination underuse

In the subsample with complete available infor-
mation on administered vaccinations, 90.6% and
62.7% of study participants did not have the rec-
ommended pneumococcal and annual influenza
virus vaccinations, respectively.

Discussion
Summary of findings

Our study summarized real-world data of
n= 54,296 participants aged 60-74 from the NAKO
and showed that PIM use, underuse and overuse
of medications according to the FORTA list [20]
were very common, with 26.1%, 19.1% and 23.6%
exposed individuals. Furthermore, we observed
90.6% and 62.7% underuse with respect to the rec-
ommended pneumococcal and annual influenza
virus vaccinations in participants with complete
available vaccination information, respectively. In
addition, we identified multiple factors associated
with PIM use, overuse and underuse in the areas
of sociodemographic/-economic factors, lifestyle
factors and comorbidities.

Comparison of frequencies of FORTA-based medication
quality estimates with those from previous studies

Multiple other, explicit medication assessment
tools aim at improving optimization of pharma-
cotherapy for geriatric patients [18, 19]. Given that
they address different aspects of medication qual-
ity, we will not go into details about studies utiliz-
ing other lists.

Despite the application of the FORTA list in pre-
vious studies [7, 33-42], our study is the first to
assess the frequency of all three subdomains of
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suboptimal medication quality, including PIM use,
underuse and overuse in the general older popula-
tion.

Proportions reported by previous studies [5, 7,
33-45] ranged from 52.6% to 76.5% [5, 42, 44,
45] for PIM use and from 48.7% [5] to 62.8% [44]
for underuse. Only one study [5] reported a preva-
lence for overuse, and two out of three participants
(66.7%) were exposed.

Although all these studies included participants
with a mean age of 74 years or higher, our study
population was relatively young (median age: 65
years). Furthermore, the morbidity was lower in
the population-based NAKO sample compared to
the high-risk populations included in the previous
studies. Hence, it did not surprise that all previ-
ous studies reported higher proportions of exposed
individuals [5, 7, 33-45]. In addition, a healthy vol-
unteer bias is apparent in the NAKO study popula-
tion, which precludes the estimation of disease or
medication use prevalences for the German popu-
lation without using weights. We, therefore, only
report frequencies rather than prevalences and
recommend treating them with caution. However,
although our observations likely underestimated
the prevalences of PIM use, medication underuse
and overuse in the ‘true’ older general German pop-
ulation, they are still quite high, calling for mea-
sures to reduce them.

Factors associated with PIM use

Since no previous study assessed factors associ-
ated with PIM use based on the FORTA list, we
cautiously refer to studies that applied other tools
[8-10, 22, 23]. Previous research found inconsis-
tent results on potential associations of PIM intake
with sex and age [8-10, 22, 23]. Our observation
that older age and female sex were statistically sig-
nificantly associated with PIM use is supported by
three previous studies [8, 9, 23].

The higher risk of PIM use among individuals
with low income, with obesity, insufficient physi-
cal activity, alcohol abstainers and current smok-
ers has not yet been shown by previous German
studies [9, 10], but they align with international
research findings [46-48], suggesting that individ-
uals with lower socio-economic status and less
healthy lifestyles might be more likely to receive
PIM. Abstinence from alcohol might be seen as
an indicator for a healthy lifestyle. However, in

population-based studies, abstainers are usually
less healthy than low alcohol consumers, as they
also include previous alcoholics and individuals
who quit drinking due to diseases or interactions
with their medication [49, 50].

It was not surprising that the vast majority of
assessed diseases (18 out of 21) were statistically
significantly associated with PIM use, as most of
them are also FORTA indications. All cardiovascu-
lar diseases were among these factors, but arte-
rial hypertension stood out with a particularly high
4.5-fold increased odds for PIM use. However, all
second- and third-line antihypertensives are cat-
egorized as FORTA C or D [20]. Hence, simply
switching these medications to potentially more
appropriate alternatives is not feasible in many
cases and may partly explain the high PIM rate for
this indication.

We also identified three neurological diseases
among the factors with the strongest associa-
tions with PIM use: Parkinson’s disease, epilepsy
and depression, with 16.2-, 4.3- and 2.1-fold
increased odds for PIM use. The varying response
rates and pharmacologic profiles of antiparkin-
son medications, antiepileptics and antidepres-
sants are likely the challenging aspects for opti-
mizing the indication-specific therapy. For exam-
ple, it would be essential to consider the differ-
ing pharmacological profiles of antidepressants,
as all classes, except selective serotonin reuptake
inhibitors, are classified as PIMs according to the
FORTA list [20].

Factors associated with underuse

Previous studies assessing factors associated with
underuse have been based on guidelines for spe-
cific indications [25, 51, 52] or the START cri-
teria [4]. Our finding that older age groups had
higher odds of medication underuse resulted from
the comprehensive adjustment for diseases. In the
model adjusted for age, sex and study centre, only,
no association between age and underuse was
detected. This would be in line with a previous
study from Germany, which found no association
between age and underuse [4]. The observed 8%
higher odds for underuse among males compared
to females might be explained by sex differences in
symptom awareness, preventive health behaviours
and the subsequent number of physician contacts
[53].

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine. 767

Journal of Internal Medicine, 2026, 299; 754-775

FSUBD 1T SUOWWOD dA a1 3|qedl|dde ay Aq pausenob ake sapile YO ‘38N Jo Sajnl 1o A%eiqi auluQ 43I\ UO (SUO R IPUOD-PUR-SWLLIB)WIOD" A3 | 1M Ale.d 1 pUIUO//SANY) SuoRIpuoD pue s | 3Y) 39S [9202/S0/2T] Uo ARl auliuQ 8|1 ‘WinnuezsBunyasio4 sayasineg UBYouaN | WNAUSZ Zijoyw pH Ad 26002 WIO[TTTT OT/I0p/wWo A3 1m ARIq1pul|uo//sdny Wwoy pepeojumod ‘9 ‘9202 ‘96/2S9ET



JIM German cohort study on medication use / M. Degen et al.

Obesity was the only lifestyle factor exhibiting
an inverse association with underuse in the full
model. This was also not observed in the age, sex
and study centre-adjusted model and appeared
after adjustment for the diseases. Maybe individu-
als with obesity as a comorbidity have more physi-
cian contacts and get more drugs prescribed.

Regarding the diseases, osteoporosis, atrial fibrilla-
tion, Parkinson’s disease and COPD appeared to be
most relevant, as they were associated with more
than 2.0-fold increased odds for underuse. Over
half (51.7%) of the participants with osteoporo-
sis did not take the indicated medication, which
aligns with previous studies [34, 36, 41]. Given that
osteoporosis-related hip fractures are associated
with higher mortality [54, 55] and economic bur-
den [54, 56|, undertreatment of osteoporosis has
been recognized as an important national [57-60]
and global [57, 58, 61-64] concern. As FORTA-
based prescribing has been proven to statistically
significantly reduce underuse of osteoporosis med-
ications in two randomized controlled trials [34,
36], there is sufficient evidence to implement such
interventions into standard care.

The observed 6.1-fold increased odds for underuse
among participants with atrial fibrillation points
to another area that requires clinical attention.
Although we could not evaluate previous success-
ful treatments through cardioversion or ablation,
the 38.7% of medication underuse in patients
with atrial fibrillation aligns with the 19% to over
50% underuse of anticoagulation among high-
risk patients identified by previous studies [51,
52, 65]. However, given the increasing preva-
lence of atrial fibrillation with age, the complex-
ity of bleeding risks, optimal stroke prevention
and rhythm management in the oldest patient
group [66, 67], the observed high medication
underuse rate should receive attention in clinical
care.

For some diseases with considerable indication-
specific underuse rates, for example, Parkinson’s
disease and COPD, lack of efficacy of the first-line
drugs or early-stage diseases, for which the ther-
apy had not yet been initiated, could be an expla-
nation for underuse.

Factors associated with overuse

We only identified one previous study assessing
factors associated with overuse, and this study

only focused on antidepressants based on the
START criteria [25]. We found 25% lower odds for
overuse among men compared to women. This sex
difference was likely driven by HRT, ranking sec-
ond among all overused medication classes. The
FORTA list classifies HRT as overuse for subjects
without osteoporosis if it is not used within 3
years of menopause [2, 20], which typically occurs
between the ages of 50 and 51 in Europe [68]. HRT
was subsequently classified as overuse in all study
participants without osteoporosis, since our study
population was 60 years and older. Periodically re-
evaluating the need for HRT and the individual risk
profile is also recommended by the European clin-
ical practice guideline [69].

Regarding lifestyle factors, the clear pattern
emerged that participants leading an unhealthy
lifestyle appeared to be more likely to overuse
medications. Maybe physicians tend to treat these
patients with drugs rather than recommending
lifestyle changes, which could be overuse if there
is no clear indication. Furthermore, patients with
an unhealthy lifestyle are often the most morbid
and often receive polypharmacy. As the number of
diseases increases, the medication gets more com-
plex, and it is harder for the physicians to maintain
an overview of all drugs (still) needed.

Diseases were less prominent factors associated
with overuse compared to PIM use and under-
use, but history of depression and epilepsy (1.6-
and 1.5-fold increased odds) appeared to be most
relevant. A large proportion of overuse among
patients with depression can be explained by main-
tenance therapy or relapse prophylaxis [70-73]
because 11.2% of participants with a lifetime
history of depression used antidepressants but
reported no moderate or severe symptoms, which
we applied to define an indication for antidepres-
sants. As previous research recommended mainte-
nance therapy for at least 6 months after remis-
sion to effectively prevent relapse [72, 73], the
absence of at least moderate depressive symp-
toms could also reflect the effectiveness of an
appropriate and indicated treatment. Distinguish-
ing ‘true’ overuse from appropriate maintenance
therapy requires evaluating each individual’s treat-
ment regularly in clinical practice. However, we
had no information on whether these assess-
ments took place. Antidepressants and antiepilep-
tics used to treat pain could not have been a driver
of overuse since pain was considered an alternative
indication.
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When further exploring the underlying sources of
overuse among patients with a history of depres-
sion or epilepsy, we found considerable overuse of
low-dose ASA and PPIs among participants with
these indications. With respect to epilepsy, the high
proportions of low-dose ASA overuse might result
from appropriate secondary stroke prevention, as
stroke is the most common cause of epilepsy
in older individuals [74]. If the history of stroke
remained unreported, this resulted in overuse.
Additionally, PPI might have been initiated due
to gastrointestinal symptoms linked to depression
[75] or caused by antiepileptic drugs [76]. If these
symptoms were not severe, the drugs to treat them
appear to be an overuse. Regarding low-dose ASA
and depression, associations between cardiovascu-
lar symptoms and depression have also been estab-
lished [77]. However, if no cardiovascular disease
has been diagnosed yet, the low-dose ASA appears
as overuse.

Our finding that low-dose ASA was the most fre-
quently overused medication (in 5.1% of the study
population) should also receive attention in clini-
cal practice. This frequency was in agreement with
an observational study from Spain, which found
overuse of low-dose ASA in 7% of the participants
[78]. Given the associated risks of bleeding, current
guidelines have become very conservative regard-
ing its use in primary prevention [79, 80]. The US
guidelines even recommend against initiating low-
dose ASA for primary prevention in adults over 60
years of age [80].

In addition to the identified associated factors, an
interesting finding was that 3.3% of the study pop-
ulation overused PPI. Concerns about their appro-
priate use have been progressively highlighted and
addressed by specific deprescribing guidelines [81,
82]. A previous drug utilization study of German
claims data revealed a notable rise in PPI prescrip-
tions between 2010 and 2016, and 52% of new PPI
users had no documented on-label indication [83].

Underuse of vaccinations

The low vaccination rates for pneumococcal (90.6%
underuse) and annual influenza (62.7% under-
use) vaccinations observed in our study align with
recent data from the German vaccination moni-
toring: 88.2% and 68.6% of the citizens aged 60—
64 and 65-69 years, respectively, had not received
pneumococcal vaccinations. Furthermore, 61.8%
of those aged 60 years and older had no influenza

vaccination [84]. Implementing regular vaccination
checks, ideally through easily accessible opportu-
nities outside of standard physician visits, could
help reduce the underutilization of vaccines.

Regional differences

Regional social inequalities between rural and
urban German regions have been previously rec-
ognized, highlighting better accessibility to primary
and specialist care in urban regions [85-87]. Our
findings might reflect these disparities by show-
ing differences in odds for all three subdomains of
medication quality by study centre. For instance,
the odds for PIM use were considerably low in Ham-
burg, which is the second largest town in Ger-
many and has a higher average socio-economic sta-
tus and a higher ratio of physicians per inhabi-
tant compared to most other German rural regions.
Consequently, participants from study centres in
rural eastern German regions, that is, Neubran-
denburg and Demmin, had the highest odds for
PIM use. Interestingly, these rural regions also
had the lowest odds for underuse. With respect
to overuse, the pattern was less clear, as urban
regions were among the study centres with the
highest (Regensburg) and lowest (Bremen) odds
for overuse. We consider these potential regional
differences interesting signals warranting further
investigation.

Strengths and limitations

To our knowledge, this is the first study investi-
gating the frequency of and factors associated with
all three dimensions of suboptimal prescribing in
the general older population. The availability of a
wealth of data enabled us to assess potential asso-
ciations of a broad range of factors. Incorporating
blood-based biomarkers as well as diagnostic and
physical assessments in our indication assessment
is a unique strength that helped minimize poten-
tial misclassification for diagnoses. Moreover, the
comprehensive brown-bag review ensured a high
level of reliability and completeness of the medi-
cation assessment. Finally, the high sample size
(n = 54,296) provided sufficient statistical power
to address a large number of potentially associ-
ated factors (n = 31) with correction for multiple
testing. Although the identified associated factors
provide a clinically relevant foundation for effec-
tively identifying target populations for medication
reviews, it should be noted that the cross-sectional
design mainly reflects correlations but does not
imply causal inference.
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The main limitation of our study is the ‘healthy vol-
unteer’ bias and a relatively young sample of older
adults (60-74 years). Hence, our results cannot be
extrapolated to older populations or all German
adults aged 60 years and older.

Another important limitation is the risk of informa-
tion bias, including both over- and underreporting
of indications (e.g., through recall bias or undiag-
nosed conditions) and (over-the-counter) medica-
tions. We addressed this by comprehensive statisti-
cal adjustment, completing indications with infor-
mation from medications and biomarkers.

We used the 2024 version of the FORTA list,
whereas data collection was from 2014 to 2019. We
think that the minimal changes during this time
did not affect our results to a relevant extent. How-
ever, revisions and expansions of the FORTA list
over time may influence prevalence estimates and
complicate comparisons across studies using dif-
ferent versions. Our German study population and
the use of the Germany-specific FORTA list restrict
the generalizability to other countries. However, a
European version of the FORTA list is also available
[88] that largely aligns with the Germany-specific
version. A future study across European countries,
preferably with available linkage to validated diag-
noses (e.g., claims data), would be desirable.

Clinical implications

The results highlight critical areas, which clinical
practice may need to address, such as untreated
osteoporosis and low vaccination rates. In addi-
tion, the factors associated with the three sub-
domains of suboptimal medication can be used
to assign resources for comprehensive medica-
tion reviews with the FORTA list to those patients
with the highest odds for PIM use, underuse or
overuse, which were patients with arterial hyper-
tension, Parkinson’s disease, epilepsy, depression,
osteoporosis, COPD and atrial fibrillation. As arte-
rial hypertension has a very high prevalence in
older adults (49.7% in our sample), and all second-
and third-line antihypertensives are categorized as
PIM, making changes in antihypertensive medi-
cation difficult, we recommend focusing on the
other named, less common, six indications. As
‘only’ 0.4%, 0.7%, 15.7%, 7.3%, 7.5% and 15.2%
of the older German NAKO study population were
affected by Parkinson’s disease, epilepsy, depres-
sion, osteoporosis, COPD and atrial fibrillation,
respectively, and as they are also usually docu-

mented in electronic health records, we suggest
that they could be used to identify a high-risk pop-
ulation for suboptimal medication quality quickly.
If resources for comprehensive medication reviews
with the FORTA list are limited, this disease-
defined high-risk population could be prioritized.
However, it should be noted that this recommen-
dation is not based on evidence from RCTs show-
ing a higher benefit from comprehensive medica-
tion reviews in these patient populations compared
to others. Such RCTs are still needed. Moreover,
further research could establish effective strate-
gies that help clinicians address suboptimal med-
ication quality in hard-to-reach groups, such as
patients with lower socio-economic status, lead-
ing unhealthy lifestyles or living in rural regions
with barriers to healthcare access. Finally, the use
of the FORTA list should only be regarded as a
screening tool to detect suboptimal medication. It
cannot replace clinical judgement, and the ulti-
mate decisions regarding (de-)prescribing should
also be guided by individual patient goals and
preferences.

Conclusion

PIM use, medication underuse and overuse were
very common in this large, population-based study
of older adults from Germany. Arterial hyperten-
sion, Parkinson’s disease, epilepsy, depression,
osteoporosis, COPD and atrial fibrillation were
identified as diseases with the highest odds of
insufficient medication quality. If resources for
medication reviews are limited, the latter six dis-
eases could be prioritized because they have preva-
lences <16%.
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