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Abstract

Background:  Sarcopenia affects more than 10% of older adults. Next to age-associated physiologic changes, diseases like diabetes or 
inflammatory, neurological, malignant and endocrine disorders may contribute to the development of sarcopenia. Likewise, polypharmacy, 
i.e., multiple drug use, is common among older adults. Although the two conditions frequently co-occur, the association of polypharmacy 
with sarcopenia has not yet been examined. We investigated the association of polypharmacy and sarcopenia in a large cohort of community-
dwelling older adults (60–84 years).
Methods:  Thousand five hundred and two participants from the Berlin Aging Study II were included. Polypharmacy was defined as concurrent 
use of 5 or more drugs (prescription and nonprescription). Body composition was assessed with dual-energy X-ray absorptiometry, and 
appendicular lean mass (ALM) was calculated as sum of the four limbs’ lean mass. Sarcopenia was defined as low ALM-to-body mass index 
(BMI)-ratio using validated sex-specific cutoffs.
Results:  Mean age was 68.7 ± 3.7 years, 50.7% were female. The median (interquartile range) number of drugs was 2 (1–4); 21.1% of subjects 
reported regular use of ≥5 drugs. Subjects with polypharmacy were more often sarcopenic according to the applied ALM/BMI-cutoffs (16.3% 
vs 6.9%, p < 0.001), with a higher BMI (p < 0.001) and lower ALM/BMI (p < 0.001), but no significant difference in mean ALM. Notably, 
polypharmacy was also associated with higher rates of reduced gait speed and exhaustion. Even after multivariable adjustment (sex, age, 
comorbid conditions and physical activity) polypharmacy was consistently associated with a significantly increased likelihood of sarcopenia 
(odds ratio = 2.24, 95% confidence interval [CI] = 1.33–3.75).
Conclusion:  Polypharmacy is associated with clinically relevant sarcopenia, as assessed by a low ALM/BMI.

Keywords: Pill burden—Frailty—ALM/BMI—Low lean mass

Sarcopenia or low lean mass, respectively, has been recognized as an 
important medical entity. It is estimated to affect about 10% of peo-
ple aged 60–70 years and numbers increase sharply for those aged 
80 years and older (1–3). Only recently, in an attempt to operational-
ize sarcopenia, novel criteria for low lean mass have been proposed 
by the Foundation for the National Institutes of Health (FNIH) 
Sarcopenia Project, standardizing appendicular lean mass (ALM) to 
body mass index (ALM/BMI) (4,5). Sarcopenia has a complex, mul-
tifactorial etiology. Apart from age-associated physiological changes 
(poor blood flow, mitochondrial dysfunction, anorexia of aging, loss 
of motor neuron end plates, loss of anabolic hormones, etc.) (6,7), 

a multitude of factors have been shown to modulate or promote 
progressive loss of muscle mass and strength, a process which is 
often accompanied by gain of fat. Among these are chronic diseases, 
especially diabetes, neurological, and endocrine disorders as well as 
malignancies, inflammation and nutritional deficiencies (8), and low 
physical activity (9). To note, also for certain drugs, detrimental, but 
also favorable effects on muscle tissue and body composition have 
been shown (10,11).

In the old, the use of multiple medications (prescription and non-
prescription) per day is common (12), and polypharmacy, commonly 
defined as the concurrent use of five or more drugs (13,14), was found 
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to be highly prevalent in old populations (12,15). Polypharmacy is 
tightly linked with chronic illness and multimorbidity, and is in par-
ticular associated with specific diseases, which are frequent in the 
old, such as hypertension, diabetes mellitus, chronic kidney disease, 
and cardiovascular disease (15). Notably, polypharmacy has also 
been linked to increased rates of hospitalization, reduced ability to 
perform instrumental activities of daily living, cognitive impairment, 
and mortality (16,17). Moreover, it has been shown to be a major 
risk factor for falls (18). Although sarcopenia and polypharmacy 
frequently co-occur in older populations, the association of polyp-
harmacy and body composition—and in particular low ALM/BMI—
has, however, not yet been addressed. Therefore, the aim of this 
study was to examine the association between polypharmacy and 
low lean mass, defined by ALM/BMI-cutoffs as recently proposed 
by the FNIH Sarcopenia Project, in a large cohort of community-
dwelling older adults.

Methods

Study Population
Altogether, 1,502 participants from the Berlin Aging Study II 
(BASE-II), recruited between 2009 and 2013 were included in this 
cross-sectional analysis. BASE-II has been described previously 
in detail (19,20). Briefly, participants were residents of the greater 
metropolitan area of Berlin, Germany, and were community-dwell-
ing, comparably well-functioning and aged between 60 and 84 years. 
All participants gave written informed consent and the Ethics 
Committee of the Charité—Universitätmedizin Berlin approved the 
study (approval number EA2/029/09).

Polypharmacy
For the analysis of polypharmacy, we used the total medication count, 
considering scheduled and as-needed medications, as well as pre-
scription and nonprescription drugs, respectively. Nonprescription 
drugs included over-the-counter medicines and dietary supplements 
(e.g., omega-3 fatty acids, coenzyme Q10, gingko, chondroitin, cra-
taegus). Participants were asked to bring the medication packets for 
all drugs used regularly, as well as their medication plan. Study staff 
reviewed the medication and took a comprehensive medication his-
tory (incl. indication, dosage, start, and side-effects). Similar to pre-
vious studies, we defined polypharmacy as the regular use of five or 
more drugs (13,15).

Body Composition/Sarcopenia
Body weight and height were determined by using an electronic 
weighing and measuring station (seca 764, seca, Hamburg, Germany). 
BMI was calculated based on weight and height (kg/m2). Body com-
position was assessed with dual-energy X-ray absorptiometry (DXA; 
Hologic QDR DiscoveryTM; Hologic, Inc., Bedford). Total nonbone 
lean mass was determined from the difference between total lean 
mass and bone mineral content; and ALM in kg was calculated as 
sum of the four limbs’ lean mass. The definition of sarcopenia was 
based on low ALM in relation to BMI (ALM/BMI) with the cutoff 
values suggested by the FNIH Sarcopenia Project (<0.789 in men 
and <0.512 in women), which are associated with greater weakness 
and higher likelihood of mobility impairment (5,21,22).

Frailty
Frailty was defined according to the validated definition proposed 
by Fried et al. based on the five criteria unintentional weight loss, 

self-reported exhaustion, weakness, slow walking speed, and low 
physical activity (23) with minor adjustments as previously described 
(22). According to how many criteria were met, participants were 
ranked as frail (3–5), prefrail (1–2), or not frail (0).

Comorbidities
Extensive cross-sectional data of all participants with respect to soci-
odemographics, lifestyle, medication, and diagnoses were collected 
during structured interviews, physical examination, and functional 
tests. Hypertension was diagnosed if blood pressure was measured 
>140/90 mm Hg or previously known and diabetes was diagnosed 
by measured HbA1c >6.5%, fasting glucose >126 mg/dL or 2-hour 
oral glucose tolerance test >200  mg/dL and/or antidiabetic medi-
cation. We used the Rapid Assessment of Physical Activity (RAPA) 
questionnaire to determine physical activity (24). This instrument 
records how many times per week and for how long (more/less than 
20/30  min per day) the responder carries out light, moderate, or 
heavy physical activity. A morbidity index, largely based on the cat-
egories of the comorbidity index proposed by Charlson (Charlson, 
1987), was computed based on self-reported as well as physician-
assessed medical diagnoses of diseases, which has been described 
previously in detail (25,26).

Statistical Analysis
Descriptive data are presented as mean ± standard deviation, 
median and interquartile range, or total number and percentage 
(%). Differences between subjects were compared using t-test, 
Mann-Whitney-U-Test, chi2 test or Fishers exact test, where appro-
priate. Association between sarcopenia as a dichotomous vari-
able, calculated according to sex-specific ALM/BMI-cutoffs, and 
polypharmacy was further examined with multiple binary logistic 
regression analysis. Covariates included were either known risk 
factors for sarcopenia or diseases selected to reflect the most com-
mon indications of medication use in BASE-II. Covariates included 
in the fully adjusted model were: age, sex, joint pain or swelling, 
osteoporosis, chronic gastritis or gastroesophageal reflux, vitamin 
D-deficiency, hypothyroidism, liver disease, malignancy, coronary 
artery disease, COPD, CRP, hypertension, diabetes, low physical 
activity, current smoking, hyperuricemia, thrombosis or embolism 
or atrial fibrillation, low-density lipoprotein cholesterol, and esti-
mated glomerular filtration rate (mL/min/1.73 m2). Polypharmacy 
was examined as binary variable (“polypharmacy”). In a variant of 
our regression analysis, single diseases/conditions and laboratory 
values were replaced by the above-mentioned morbidity index. All 
analyses were performed using SPSS version 23.0.0.2 (IBM; 1989; 
2015). A p value <0.05 was established a priori as level of statistical 
significance.

Results

Baseline characteristics of all participants (n = 1502) are presented 
in Table 1. Mean age was 68.7 ± 3.7 years and 50.7% were women. 
Although the median number of medications (prescription and non-
prescription) was two (range 0–15, mean ± SD = 2.8 ± 2.4), about 
one fifth (21.1%) of study subjects reported regular use of five or 
more drugs. In total, 8.8% (n = 127) of all subjects were classified 
as sarcopenic. Split up by sex, men were more frequently affected by 
sarcopenia than women (11.2% [n = 78] vs 6.6% [n = 49], p = .02). 
In contrast, we did not find a statistically significant difference in 
the prevalence of polypharmacy between women and men (22.6% 
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[n = 172] vs 19.6% [n = 145]; p = .150). The average number of drugs 
was only slightly higher in women, compared to men (3.0 ± 2.4 vs 
2.7 ± 2.4, p = .038).

Overall, prevalence of polypharmacy, as well as sarcopenia 
increased stepwise with higher age (Figure 1). However, when strati-
fied for sex, it was notable that in the age-group of 60–69 years, sar-
copenia was significantly more frequent in men compared to women 
(10.8% vs 4.9%, p = .001), whereas above 70 years, prevalence of 
sarcopenia was comparable between men and women (10.5% vs 
11.7%, p  =  .390). Likewise, although the prevalence of polyphar-
macy was constant at ~20% across the examined age spectrum in 
men, in women, the proportion of polypharmacy increased from 
13.7% (60–65 years) to 28.8% (70–75 years) to 57.1% (≥80 years) 
(p < .001 for trend, 5-year age-strata).

When split up according to polypharmacy (<5/≥5 drugs; 
Table  1), generally, subjects with polypharmacy were marginally 
older (but without clinical significance; 0.9 years), whereas the sex 
ratio was well balanced. As expected, subjects with polypharmacy 
were apparently more morbid than those without polypharmacy, 
showing a higher prevalence of chronic diseases, e.g., coronary 

Table 1.  Participant Characteristics According to Polypharmacy Status

Number of regular drugs†

Total sample <5 ≥5

n = 1,502 n = 1,185 (78.9%) n = 317 (21.1%) p value‡

Age (years) 68.7 ± 3.7 68.5 ± 3.6 69.4 ± 3.9 <.001
Sex (female) 761 (50.7) 589 (49.7) 172 (54.3) .084
Number of drugs† 2 (1–4) 2 (1–3) 6 (5–7) <.001
BMI (kg/m2) 26.8 ± 4.2 26.4 ± 3.9 28.2 ± 4.9 <.001
ALM (kg) 21.2 ± 5.0 21.2 ± 5.0 21.0 ± 5.2 .513
ALM/BMI 0.80 ± 0.18 0.81 ± 0.18 0.76 ± 0.18 <.001
Sarcopenia 127 (8.8%) 78 (6.9%) 49 (16.3%) <.001
Current smoking* 141 (9.4%) 118 (10.8%) 23 (7.3%) .160
Systolic blood pressure (mmHg) 147.4 ± 19.2 147.8 ± 19.2 145.8 ± 19.1 .105
Diastolic blood pressure (mmHg) 85.5 ± 10.7 86.0 ± 10.7 83.7 ± 10.8 .001
Total cholesterol (mg/dL) 215.0 ± 39.6 218.3 ± 38.6 202.7 ± 40.6 <.001
HDL-cholesterol (mg/dL) 62.3 ± 17.1 63.2 ± 17.2 58.9 ± 16.4 <.001
LDL-cholesterol (mg/dL) 130.5 ± 35.1 133.6 ± 34.4 118.7 ± 35.7 <.001
GFREPI (mL/min/1.73 m2) 76.9 ± 12.1 77.7 ± 11.3 74.1 ± 14.3 <.001
HbA1c (%) 5.6 ± 0.6 5.6 ± 0.5 5.8 ± 0.8 <.001
CRP (mg/L) 1.1 (0.6–2.1) 1.1 (0.6–2) 1.3 (0.7–2.7) .039
Hemoglobin (g/dL) 13.9 ± 1.1 14.0 ± 1.1 13.6 ± 1.1 <.001
Morbidity index 1 (0–2) 1 (0–2) 2 (1–3) <.001
Hypothyroidism* 229 (15.6%) 144 (12.4%) 85 (27.7%) <.001
COPD* 65 (4.3%) 39 (3.3%) 26 (8.1%) <.001
Osteoporosis* 127 (8.6%) 84 (7.2%) 43 (14.0%) .001
Coronary artery disease* 60 (4.0%) 25 (2.1%) 35 (11.3%) <.001
Hypertension 1,162 (77.4%) 885 (74.7%) 277 (87.4%) <.001
Diabetes 190 (12.7%) 106 (9.0%) 84 (26.8%) <.001
Frailty <.001
  Prefrail 467 (31.1%) 338 (28.5%) 129 (40.7%)
  Frail 13 (0.9%) 9 (0.8%) 4 (1.3%)
Vitamin D-deficiency 646 (44.3%) 509 (44.2%) 137 (44.8%) .457
Low physical activity* 133 (8.9%) 99 (8.4%) 34 (10.9%) .182

Notes: ALM = appendicular lean mass; BMI = body mass index; ALM/BMI = BMI-adjusted ALM; CRP = C-reactive protein; GFREPI = glomerular filtration 
rate computed by Chronic Kidney Disease epidemiology collaboration (CKD-EPI) equation; HbA1c = glycated hemoglobin; HDL = high-density lipoprotein; non-
HDL-cholesterol = total cholesterol minus HDL-cholesterol; LDL = low-density lipoprotein; COPD = chronic obstructive pulmonary disease. N (%), or mean ± 
standard deviation, or median and interquartile range (IQR).

†Prescription and nonprescription drugs.
*Self-reported.
‡p value for test “<5” versus “≥5”.

Figure 1.  Prevalence of polypharmacy and sarcopenia in BASE-II. Bar graph 
showing prevalence (in %) of sarcopenia (gray) and polypharmacy (black) 
by age-strata (60–65; 65–70; 70–75; 75–80 years). Polypharmacy was defined 
as the concurrent use of 5 or more drugs (prescription and nonprescription) 
and sarcopenia was determined according to sex-specific cutoffs for the 
ALM/BMI ratio (low appendicular lean mass in relation to body mass index) 
as proposed by the Foundation for the National Institutes of Health (FNIH) 
Sarcopenia Project (5,6).
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artery disease, diabetes, hypertension, or osteoporosis, which was 
reflected also by a significantly higher morbidity index [2 (1–3) 
vs 1 (0–2); p < .001]. On the other hand, diastolic blood pressure 
was lower (systolic blood pressure only by trend), as well as total- 
and low-density lipoprotein cholesterol were markedly lower with 
polypharmacy, most likely indicating the beneficial effects of phar-
macotherapy. Interestingly, there were no differences in vitamin D 
status, current smoking status, and prevalence of self-reported low 
physical activity.

Regarding parameters of body composition, subjects with 
polypharmacy were markedly more often sarcopenic as to the 
applied ALM/BMI-cutoffs (16.3% vs 6.9%, p < .001). They 
had a higher BMI, lower ALM/BMI but showed no statistically 
significant difference in the unadjusted lean body mass (ALM; 
Table 1).

Notably, polypharmacy was also associated with higher rates of 
“reduced gait speed” (15.5% vs 9.9%, p = .005) and “exhaustion” 
(12.6% vs 8.0%, p = .011), and there was a significant difference in 
prevalence of being prefrail or frail between subjects with and with-
out polypharmacy (40.7% vs 28.5% and 1.3% vs 0.8%, p < .001, 
respectively).

Using multiple logistic regression analysis, polypharmacy 
was confirmed to be associated with a low ALM/BMI even after 
adjustment for comorbid conditions, sex, age, and clinical param-
eters (Table 2). This finding was consistent, both, in the analysis 
of all subjects (odds ratio [OR] = 2.24, 95% confidence interval 
[CI] = 1.33–3.75), and in sex-stratified analyses (Table 3). Other 
factors that were independently associated with a low ALM/BMI 
(in the total population) were higher age, hypertension, diabetes, 
joint pain/swelling, low physical activity, and estimated glomerular 
filtration rate.

When we repeated logistic regression analysis, replacing single 
risk factors/comorbidities by a morbidity index, our finding of a sig-
nificant and independent association between polypharmacy and 
sarcopenia could be reproduced for the total population (OR = 2.14, 
95% CI = 1.38–3.33, p = .001) as well as in sex-stratified analyses 
(men: OR = 1.86, 95% CI = 1.05–3.32, p = .034; women: OR = 2.61, 
95% CI = 1.29–5.26, p = .007).

Discussion

The results of this cross-sectional study suggest an independent asso-
ciation between polypharmacy and sarcopenia, defined as a low 
ALM-to-BMI-ratio, as subjects with polypharmacy had a more than 
twofold higher likelihood of being sarcopenic compared to subjects 
with a lower drug count.

To our knowledge, this is the first study to investigate and sug-
gest a link between polypharmacy and sarcopenia. The cutoff ≥5 for 
polypharmacy has been validated many times (13,14) and proven 
suitable for identifying those at risk for adverse functional outcomes 
and mortality (14,16,17,27), and is especially helpful as an orienta-
tion value in the clinical routine as well as in research. We were now 
able to show, that polypharmacy, assessed by this commonly used 
threshold, was independently associated with sarcopenia in a cohort 
of community-dwelling older adults.

For the definition of sarcopenia, we used the ALM/BMI cutoffs, 
as recently suggested by the FNIH sarcopenia project, since they 
have proven suitable to identify those individuals at risk, with clin-
ically relevant weakness and impaired function (4,22), and reflect an 
individual’s adverse lean-to-fat mass ratio (22), rather than just the 
loss of muscle mass (and/or strength).

As a matter of course, many drugs affect and interfere with vari-
ous metabolic processes and circulatory homeostasis. In fact, there 
are several molecular, metabolic, and vascular alterations, which are 
suspected to play central roles in the development of sarcopenia, 
that probably also may account for polypharmacy-associated sar-
copenia: primarily (drug-induced) mitochondrial dysfunction, but 
also diminished blood flow, as well as electrolyte, hormonal (6,8), 
and acid–base disturbances (28). Likewise, for a significant num-
ber of commonly prescribed drugs, direct adverse effects on body 

Table 2.  Logistic Regression for the Association of Polypharmacy 
and Sarcopenia (Low ALM/BMI)

Adjusted odds ratio† (95% CI) p value

Polypharmacy 2.24 (1.33–3.75) .002
Age (years) 1.09 (1.03–1.16) .006
Low physical activity* 2.00 (1.08–3.70) .028
Hypertension 3.28 (1.47–7.33) .004
Diabetes 3.24 (1.96–5.35) <.001
Joint pain/swelling* 1.66 (1.05–2.60) .029
eGFR (mL/min/1.73 m2) 1.02 (1.00–1.04) .040

Notes: CI  =  confidence interval; eGFR  =  estimated glomerular filtration 
rate, Polypharmacy, ≥5 drugs (reference < 5 drugs); LDL = low-density lipo-
protein. Table shows significant factors only.

†Adjusted for age, sex, low physical activity, hypertension, diabetes, vitamin 
D-deficiency, gastritis/esophageal reflux, hypothyroidism, liver disease (ex-
cept cirrhosis), atrial fibrillation/deep vein thrombosis/embolism, joint pain/
swelling, osteoporosis, coronary artery disease, chronic pulmonary disease, 
current smoking, hyperuricemia, eGFR, LDL-cholesterol, C-reactive protein, 
malignancies.

*Self-reported.

Table 3.  Logistic Regression for the Association of Polypharmacy 
and Sarcopenia (Stratified by Sex)

Adjusted odds ratio† (95% CI) p value

Men
  Polypharmacy 2.09 (1.04–4.21) .040
  Age (years) 1.10 (1.02–1.19) .018
  Low physical activity* 2.23 (1.02–4.89) .044
  Hypertension 7.28 (1.70–31.21) .008
  Diabetes 4.12 (2.18–7.80) <.001
  Joint pain/swelling* 1.65 (0.90–3.01) .107
  eGFR (mL/min/1.73 m2) 1.03 (1.00–1.06) .025
Women
  Polypharmacy 2.66 (1.20–5.91) .016
  Age (years) 1.09 (0.99–1.21) .085
  Low physical activity* 1.22 (0.36–4.10) .746
  Hypertension 1.61 (0.57–4.51) .366
  Diabetes 3.14 (1.26–7.84) .014
  Joint pain/swelling* 1.80 (0.86–3.77) .120
  eGFR (mL/min/1.73 m2) 1.01 (0.97–1.04) .760

Notes: CI  =  confidence interval; eGFR  =  estimated glomerular filtration 
rate, Polypharmacy, ≥5 drugs (reference < 5 drugs); LDL = low-density lipo-
protein. Table shows factors according to Table 2.

†Adjusted for age, low physical activity, hypertension, diabetes, vitamin 
D-deficiency, gastritis/esophageal reflux, hypothyroidism, liver disease (ex-
cept cirrhosis), atrial fibrillation/deep vein thrombosis/embolism, joint pain/
swelling, osteoporosis, coronary artery disease, chronic pulmonary disease, 
current smoking, hyperuricemia, eGFR, LDL-cholesterol, C-reactive protein, 
malignancies.

*Self-reported.
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composition are known. Use of proton pump inhibitors has, e.g., 
been shown to be negatively associated with insulin-like growth 
factor 1 levels in the InCHIANTI-Study (29). Also, muscle toxicity 
of statins, glucocorticoids and certain antiepileptic, neuroleptic and 
antidepressant drugs, as well as potentially detrimental metabolic 
effects of a variety of drugs (e.g., glucocorticoids, beta blockers, 
NSAIDS) are well known.

Furthermore, polypharmacy has been associated with poorer 
nutritional status (30). In this context, medication-associated dys-
phagia (31) and the role of gastrointestinal side-effects need to be 
considered. Moreover, other side-effects of the medications used may 
likely promote adverse redistribution of muscle and fat. For example, 
the likelihood of being categorized as sedentary has been shown to 
increase with every additional medication prescribed (32). To that 
effect, drug-induced orthostatic hypotension may doubtlessly dis-
courage from physical activity, with detrimental effects on body com-
position (33). Not least, polypharmacy has been identified as a risk 
factor for under-prescribing (34) and low adherence (35). Deficient 
medical therapy and only irregular or even sporadic drug intake may 
have harmful effects on an individual’s overall health and hence also 
on body composition. Furthermore, increasing the number of medi-
cations (prescription and nonprescription), exponentially increases 
the number of combinations of medications, which, in turn, increases 
the risk of adverse drug reactions and drug–drug interactions (36,37).

As the above examples show, there are several potential mecha-
nisms, which may account for a possible causal association between 
polypharmacy and sarcopenia. However, we have to point out that 
the cross-sectional design of our study does not allow any conclu-
sions as to causality, direction of causality, and mechanistic links. 
Moreover, as we have only analyzed polypharmacy, we cannot deter-
mine which medications or drug–drug interactions might account 
for the observed association. Also, despite careful statistical analysis, 
in which we included, both single diseases as well as an established 
morbidity index as covariates, we cannot truly differentiate between 
the effects of multiple drug use and the effects of underlying diseases 
on body composition.

Polypharmacy and sarcopenia/body composition are both asso-
ciated with sex (15,38), which was also evident in our study: First, 
men were significantly more affected by sarcopenia than women 
(11.2% vs 6.6%, p = .02). Interestingly, the prevalence rate of poly-
pharmacy was almost constant across age in men (~20%), whereas 
we observed a stepwise increase with advancing age in women, from 
13.7% (60–65 years) up to 47.8% (75–80 years). Eventually, this 
was reflected by a different pattern of associated factors and dif-
ferent effect sizes for women and men in the final regression model 
(Table 3), as for instance hypertension yielded the highest OR for 
being sarcopenic in men, but this association was not significant 
in women.

Sarcopenia and frailty are closely related. Although the present 
study is the first to link polypharmacy with sarcopenia, prior cross-
sectional and longitudinal studies have reported an independent 
association of polypharmacy with frailty (13,39,40). We likewise 
found a significantly higher prevalence of frailty-criteria in subjects 
with, compared to without polypharmacy. This corroborates the 
preceding findings, e.g., by Gnjidic et al. (13), and can serve as an 
internal validation of the polypharmacy-measure used in this study 
as well. Polypharmacy not only discriminates well between subjects 
with low and high risk for sarcopenia, but at the same time between 
subjects with high and low rates of functional restrictions (e.g., 
“reduced gait speed” and “exhaustion”), which again underlines the 
clinical relevance.

The strengths of our study include a large size and well-charac-
terized cohort. Moreover, we believe that one strength of our study 
was to integrate nonprescription drugs into our analyses, as previous 
studies have shown that the prevalence of nonprescription medica-
tion use was remarkably high, and half of all potential major drug–
drug interactions identified, involved a nonprescription medication 
(12). But our findings are also subject to a number of limitations. 
Due to the cross-sectional design of the study, we cannot draw any 
conclusions regarding causality or direction of causality. Moreover, 
it is in the nature of polypharmacy, that there is no differentiation 
between drugs with potentially beneficial and such with detrimental 
effects on body composition. Further longitudinal studies are neces-
sary to confirm whether polypharmacy predicts the development of 
a low ALM/BMI over time.

Also, it cannot be ruled out that despite good adjustment for 
comorbidities, our results might still be confounded by e.g., uniden-
tified lifestyle or disease factors.

Conclusion

In summary, we have shown an independent association between 
polypharmacy and clinically relevant sarcopenia, based on the ALM/
BMI-cutoffs defined by the FNIH sarcopenia project.

More studies are required to further elucidate the connection of 
polypharmacy with sarcopenia.
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