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Introduction

Polypharmacy and sarcopenia are serious public health problems
worldwide, given the rapid increase in the older adult population.

Abstract

Background and Aim: Polypharmacy and sarcopenia are increasing public health
problems worldwide. However, data on the prevalence, association, and prognostic sig-
nificance of polypharmacy and sarcopenia in patients with liver cirrhosis are limited.
Methods: Polypharmacy and sarcopenia were assessed in 239 patients with liver cir-
rhosis. Polypharmacy was defined as the daily use of six or more medications, and
sarcopenia was diagnosed based on muscle strength and mass evaluated on computed
tomography. The association between polypharmacy and sarcopenia and their effects
on mortality were analyzed using logistic regression and Cox proportional hazards
models.

Results: Among the 239 patients, 52% were men, the median age was 68 years, and
the number of medications used per patient was 6. Further, 53% and 29% patients
had polypharmacy and sarcopenia, respectively. The number of medications used and
the prevalence of sarcopenia increased with age. Patients with polypharmacy and sar-
copenia had similar characteristics, such as older age, increased medication use,
advanced liver disease, and decreased muscle strength and mass. After adjusting for
confounders, polypharmacy was significantly associated with sarcopenia (odds ratio,
2.11; 95% confidence interval [CI], 1.07-4.17). During the median follow-up of
2.2 years, 62 (26%) patients died. Polypharmacy (hazard ratio [HR], 1.83; 95% CI,
1.01-3.37) and sarcopenia (HR, 2.00; 95% CI, 1.12-3.50) independently predicted
mortality. The prognostic significance of polypharmacy was more prominent in older
adults than in younger adults (HR, 2.31; 95% CI, 1.01-5.67).

Conclusion: Polypharmacy and sarcopenia are interrelated and associated with
poor prognosis in patients with cirrhosis. Further large, prospective, population-based
studies are required to validate these findings.

in 2016, and this is expected to reach 40% by 2060.*>
Reflecting the aging population, the number of older adults with
13 liver cirrhosis has been increasing in Japan, with the average

age of these patients increasing from 63.8 years in 2007 to

Owing to the dramatic increase in life expectancy in the 20th
century, the number of people aged >65 years is expected to
increase from an estimated 524 million (8% of the world popu-
lation) in 2010 to approximately 1.5 billion (16%) in 2050.%>
Japan is one of countries with the largest aged population in the
world, with an average life expectancy of >83 years at birth.**
In addition, 27% of the Japanese population was aged 265 years

68.1 years in 2014.%7

Polypharmacy—the concurrent use of multiple medications—
is common among older adults owing to the increased risk of age-
related complications, including chronic diseases, multimorbidity,
and geriatric syndromes.'*® Aging-related decreases in renal
clearance, liver function, and skeletal muscle mass affect drug
pharmacokinetics and pharmacodynamics."® Polypharmacy has
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recently attracted attention because it is associated with adverse drug
reactions, drug—drug and drug—disease interactions, poor treatment
adherence, decreased drug efficacy, falls, cognitive impairment, sar-
copenia, impaired activities of daily living, increased hospitalization,
and mortality."*® In addition, patients with cirthosis are at an
increased risk of polypharmacy because of complications associated
with cirrhosis.'?

Sarcopenia, a progressive and generalized skeletal muscle
disorder characterized by loss of skeletal muscle mass and
strength, is a well-known geriatric syndrome.' Sarcopenia is
common in not only older adults but also in patients with can-
cers and chronic diseases and is associated with adverse clinical
outcomes, including falls, fractures, hospitalization, impaired
activities of daily living, cognitive impairment, reduced quality
of life, and mortality.'"'? Substantial evidence shows that the
prevalence of sarcopenia is higher in patients with cirrhosis than
in the older adult population and in patients with other diseases
such as heart failure, renal failure, chronic obstructive pulmo-
nary disease, and cancer.'' Therefore, patients with cirrhosis
may be at increased risk of polypharmacy and sarcopenia
due to age-related physiological changes, multimorbidity, and
impaired liver function.®'%"?

Therefore, there is an urgent need to identify patients with
cirrhosis at the risk of polypharmacy and sarcopenia, determine
the prognostic significance of these factors, and provide appropri-
ate pharmacotherapy to improve clinical outcomes. However,
few studies have evaluated the prevalence, association, and prog-
nostic significance of polypharmacy and sarcopenia, especially in
older adults with cirrhosis. This study aimed to evaluate the char-
acteristics of older adults with liver cirrhosis, prevalence and
association of polypharmacy and sarcopenia, and the extent to
which these factors affect the prognosis of these patients.

Patients and methods

Study design and participants. In total, 239 patients
with cirrhosis treated at Gifu University Hospital (Gifu, Japan)
between October 2011 and December 2020 were enrolled in this ret-
rospective cohort study. The observation period was from the date
of enrollment to the date of last visit, death, or December 31, 2020,
whichever occurred first. The study protocol was reviewed and
approved by the Institutional Review Board of Gifu University
Graduate School of Medicine (approval number: 2021-B190). This
study was performed in accordance with the ethical standards of the
Declaration of Helsinki 1964 and its later amendments.

Data collection. Patients were categorized into older adult
(age 265 years) and younger adult groups (age <65 years).375 Data
on the number of medications used and demographic and clinical
characteristics of patients within 1 month of sarcopenia assessment
were collected from the prospective database using a standard
template. Data on the following demographic and clinical charac-
teristics were collected: age, sex, number of medications used,
polypharmacy, height, weight, body mass index (BMI), grip
strength, skeletal muscle mass, sarcopenia, etiology of cirrhosis,
ascites, hepatic encephalopathy, Child—Pugh score, Model for
End-stage Liver Disease (MELD) score, and laboratory findings.
Liver cirrhosis was diagnosed based on laboratory findings, clini-
cal features (spider nevus, caput medusae, esophagogastric varices,
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and portosystemic shunt), and imaging and histological features.
The inclusion criteria were age >20 years, cirrhosis of any etiol-
ogy, and assessment of sarcopenia and polypharmacy. The exclu-
sion criteria were a history of organ transplantation, hepatocellular
carcinoma, active non-hepatic malignancies, amino acid metabo-
lism disorder, pregnancy, neurological or orthopedic diseases that
affect grip strength measurement, and medical conditions such as
severe sepsis, heart failure, respiratory failure, renal failure, and
other acute life-threatening diseases.

Polypharmacy. Data on medication use were recorded in
electronic records by pharmacists who were not directly involved
in patient care. Polypharmacy was assessed based on the number
of oral medications used for at least 28 days within 1 month of
sarcopenia assessment. Polypharmacy was defined as the daily
use of six or more medications based on the criteria established
by the Ministry of Health, Labour and Welfare. Polypharmacy is
associated with an increased risk of adverse drug reactions in the
older adult population in Japan.'*'?

Sarcopenia. Sarcopenia was diagnosed based on the revised
sarcopenia criteria for liver disease (second edition) proposed by
the Japanese Society of Hepatolo‘gy,16 including grip strength
and skeletal muscle mass. Patients who met both criteria were
diagnosed with sarcopenia. Grip strength was measured by a reg-
istered dietitian using a digital Smedley dynamometer (T.K.
K.5101 GRIP-D; Takei Scientific Instruments, Niigata, Japan),
and the cutoff value for low grip strength was 28 kg for men and
18 kg for women. Skeletal muscle area was measured by estimat-
ing the cross-sectional area of the abdominal skeletal muscles at
the third lumbar vertebra using a computed tomography image
analysis system (Synapse Vincent; Fujifilm, Tokyo, Japan). Skel-
etal muscle index (SMI) was calculated by dividing the skeletal
muscle area by the square of the height, and the cutoff value for
low SMI was 42 cm?*/m?” for men and 38 cm?*/m? for women.

Statistical analysis. Continuous variables are presented as
the median and interquartile range (IQR), and groups were com-
pared using the Mann—Whitney U-test or the Kruskal-Wallis test.
The normality of the distribution of continuous variables was
evaluated using the Shapiro—Wilk normality test. Categorical var-
iables are presented as the number of patients and percentage,
and groups were compared using the chi-square test or Fisher’s
exact test. The association between polypharmacy and sarcopenia
was assessed using the logistic regression model, and the results
are presented as odds ratios (ORs) and 95% confidence intervals
(CIs). The prognostic significance of polypharmacy and sar-
copenia was assessed using the Cox proportional hazards model,
and the results are presented as hazard ratios (HRs) and 95%
CIs. Overall survival (OS) was estimated using the Kaplan—
Meier method, and the groups were compared using the log-rank
test. All tests were two sided, and the significance threshold was
set at P <0.05. All analyses were performed using JMP software,
version 9.0.2 (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics. Among the 239 patients included,
125 (52%) were men, with a median age of 68 years, BMI of
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22.7 kg/mz, Child—Pugh score of 7, and MELD score of 9. Alto-
gether, 127 (53%) and 69 (29%) patients had polypharmacy and
sarcopenia, respectively. The median number of medications
used by each patient was 6 (IQR, 4-8, Table 1). The number of
medications increased significantly with age (P < 0.037; Fig. 1a).
Similarly, the prevalence of polypharmacy tended to increase
with age (P = 0.153; Fig. 1b). The types of medication used are
presented in Table S1. Seven patients who received beta-blockers
to prevent variceal bleeding were classified in the antihyperten-
sive group.

In total, 148 (62%) and 91 (28%) patients were catego-
rized into the older and younger adult group, respectively
(Table 1). Compared to the younger adult group, the older adult
group had more patients with polypharmacy, high serum creati-
nine levels, and viral cirrhosis, but fewer patients with alcoholic
cirrhosis. Height and weight were significantly lower in the older
adult group than in the younger adult group; however, there was
no significant intergroup difference in BMI. Grip strength and
SMI were significantly lower in the older adult group than in the
younger adult group, and sarcopenia was more predominant in
the older adult group than in the younger adult group (37% vs

Table 1 Baseline characteristics of patients with cirrhosis

T Hanai et al.

15%, P <0.001; Table 1). The prevalence of sarcopenia
increased with age (P < 0.001; Fig. 1c).

Polypharmacy and sarcopenia in patients with cir-
rhosis. The prevalence of sarcopenia was significantly higher
in patients with polypharmacy than those without polypharmacy
(36% vs 21%; P = 0.010). Similarly, the prevalence of poly-
pharmacy was higher in patients with sarcopenia than those
without sarcopenia (67% vs 48%; P = 0.010). The patients with
polypharmacy and those with sarcopenia had similar characteris-
tics, such as older age, increased medication use, advanced liver
disease, and lower grip strength and SMI (Table 2).

Association between polypharmacy and sar-
copenia. The unadjusted OR for polypharmacy in sarcopenia
was 2.20 (95% CI, 1.23-3.94; P = 0.008) (Table 3). After
adjusting for age, sex, BMI, etiology of cirrhosis, and MELD
score, polypharmacy remained significantly associated with sar-
copenia (OR, 2.11; 95% CI, 1.07-4.17; P = 0.032). This associ-
ation was more pronounced in the older adult group (OR, 2.62;

Total cohort Younger adults Older adults P-value*

Characteristic (n = 239) (n=291) (n=148)
Age, years 68 (58-76) 55 (50-60) 74 (70-79) <0.001
Men 125 (52) 53 (568) 72 (49) 0.182
Number of medications used 6 (4-8) 5 (4-7) 7 (3-9) 0.069
Polypharmacy 127 (53) 41 (45) 86 (58) 0.049
Comorbidities

Diabetes mellitus 66 (28) 23 (25) 43 (29) 0.555

Hypertension 151 (63) 51 (56) 100 (68) 0.097

Dyslipidemia 6 (3) 2(2) 4 (3) 0.809
Etiology of cirrhosis

Hepatitis B virus 17 (7) 3@3) 4(10) 0.002

Hepatitis C virus 68 (29) 19 (21) 9 (33)

Alcoholic 0 (25) 34 (37) 6 (18)

Others 4 (39) 35 (39) 9 (40)
Ascites 113 (47) 44 (48) 9 (47) 0.894
Hepatic encephalopathy 23 (10) 7 (8) 6(11) 0.503
MELD score 9(7-12) 10 (8-12) 9(7-12) 0.155
Child-Pugh score 7 (5-9) 7 (6-9) 7 (5-9) 0.525
Albumin, g/dl 3.2 (2.6-3.7) 3.2 (2.5-3.5) 3.2 (2.6-3.8) 0.454
Creatinine, mg/dl 0.71 (0.60-0.90) 0.65 (0.52-0.78) 0.74 (0.63-0.93) 0.002
Sodium, mEg/L 138 (136-140) 138 (137-140) 138 (136-140) 0.401
Total bilirubin, mg/d! 1.2 (0.8-1.7) 1.3(0.9-1.9) 1.1 (0.8-1.6) 0.057
International normalized ratio 1.12 (1.03-1.26) 1.18 (1.04-1.31) 1.10 (1.02-1.23) 0.008
Body composition

Height, cm 158 (150-166) 164 (158-171) 155 (149-161) <0.001

Weight, kg 58.3 (50.3-65.9) 63.7 (53.9-74.6) 56.0 (48.8-62.5) <0.001

Body mass index, kg/m? 22.7 (21.4-25.4) 22.73 (21.8-26.3) 22.7 (21.0-25.1) 0.238

Grip strength, kg 20.9 (16.56-29.2) 26.8 (19.7-35.5) 18.6 (14.5-24.9) <0.001

Skeletal muscle index, cm?/m? 41.9 (36.2-49.1) 44, 9 (38.1-50.0) 40 1(35.7-47.8) 0.011

Sarcopenia 69 (29) 4 (15) 5 (37) <0.001

Note: Values are presented as numbers (percentages) or medians (interquartile ranges).

Abbreviation: MELD, Model for End-Stage Liver Disease.

*Clinical characteristics between the two groups were compared using the chi-square test for categorical variables or the Mann-Whitney U-test for

continuous variables.
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Figure 1 (a) Number of medications used, (b) prevalence of polypharmacy, and (c) prevalence of sarcopenia in 239 patients with cirrhosis in differ-

ent age groups. Data are compared using the chi-square test and Kruskal-Wallis test.

Table 2 Clinical characteristics of patients with cirrhosis, sarcopenia, and polypharmacy

No polypharmacy Polypharmacy P-alue* No sarcopenia Sarcopenia P-alue*

Characteristic (n=112) (n=127) (n=170) (n=69)
Age, years 67 (67-74) 71 (60-77) 0.010 66 (57-74) 74 (68-78) <0.001
Men 66 (59) 59 (47) 0.069 88 (52) 37 (54) 0.886
Number of medications used 3 (2-4) 8 (7-10) <0.001 5 (3-8) 8 (5-10) <0.001
Polypharmacy 01(0) 127 (100) <0.001 81 (48) 46 (67) 0.010
Etiology of cirrhosis

Hepatitis B virus 7 (6) 10 8) 0.788 3(8) 4 (6) 0.750

Hepatitis C virus 29 (26) 9 (31) 0 (29) 18 (26)

Alcoholic 30 (27) 0 (24) 4 (26) 6 (23)

Others 46 (41) 48 (38) 3 (37) 1 (45)
Ascites 26 (23) 87 (69) <0.001 1(42) 2 (61) 0.010
Hepatic encephalopathy 2(2) 21(17) <0.001 3(8) 0N ) 0.144
MELD score 8 (7-10) 10 (8-13) <0.001 9(7-12) 9(7-12) 0.897
Child-Pugh score 6 (5-8) 8 (7-10) <0.001 7 (65-9) 8 (6-10) 0.001
Albumin, g/dI 3.5(3.1-3.9) 2.9(2.3-3.3) <0.001 3.3(2.9-3.7) 6 (2.2-3.6) 0.001
Creatinine, mg/dl 0.70 (0.58-0.83) 0.73 (0.60-0.96) 0.083 0.70 (0.59-0.88) 0. 75 (0.63-0.92) 0.077
Sodium, mEg/L 139 (138-140) 137 (135-139) <0.001 138 (137-140) 138 (135-140) 0.022
Total bilirubin, mg/dl 1.1 (0.8-1.6) 3(0.9-1.7) 0.106 1.2 (0.9-1.7) 1(0.8-1.6) 0.571
International normalized ratio 1.07 (1.02-1.19) 1. 16 (1.05-1.31) <0.001 1.12 (1.04-1.25) 1. 15 (1.01-1.29) 0.877
Body composition

Height, cm 160 (152-166) 158 (150-165) 0.150 160 (152-166) 155 (149-162) 0.039

Weight, kg 60.0 (51.6-66.4) 56.6 (49.4-65.3) 0.130 61.2 (52.3-68.4) 53.5 (47.7-58.3) <0.001

Body mass index, kg/m? 22.9(21.0-25.5) 22.4 (21.4-25.1) 0.713 23.6 (22.0-25.9) 21.7 (19.4-23.1) <0.001

Grip strength, kg 25.1 (18.6-34.1) 18.5 (14.8-24.9) <0.001 24.5 (18.5-32.5) 16.5 (14.0-19.8) <0.001

Skeletal muscle index, cm?/m? 43 6 (37 9-49.7) 40.5 (35.4-48.0) 0.012 46.0 (41.4-51.3) 34.9 (32.0-37.1) <0.001

Sarcopenia 3 (21 46 (36) 0.010 0(0) 69 (100) <0.001

Note: Values are presented as numbers (percentages) or medians (interquartile ranges).
Abbreviation: MELD, Model for End-Stage Liver Disease.
*Clinical characteristics between the two groups were compared using the chi-square test for categorical variables or the Mann-Whitney U-test for

continuous variables.

95% CI, 1.14-6.02; P = 0.023) than in the younger adult group

(OR, 1.56; 95% CI, 0.40-6.01; P = 0.522).

significantly different between the groups (P = 0.324, Fig. 2a),

with an HR of 1.30 (95% CI, 0.77-2.20; P = 0.325). The causes
of death are listed in Table S2.

Overall survival. During a median follow-up of 2.2 years

(IQR, 0.9-4.0), 62 (26%) patients died. None of the patients
underwent liver transplantation during follow-up. OS was not
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OS was lower in patients with sarcopenia than those with-

out sarcopenia (P = 0.002; Fig. 2(b)), with an HR of 2.20 (95%
Cl, 1.32-3.67; P = 0.003). Similarly, OS was lower in patients
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Table 3 Association between sarcopenia and polypharmacy
Total cohort Younger adults Older adults
OR (95% CI) P-value OR (95% CI) P-value OR (95% ClI) P-value
Polypharmacy unadjusted 2.20(1.23-3.94) 0.008 1.78 (0.66-5.62) 0.327 2.10(1.04-4.23)  0.039
Polypharmacy adjusted for age 1.93(1.06-3.51) 0.082 1.79(0.56-5.66) 0.916 1.97 (0.97-4.01)  0.061
Polypharmacy adjusted for age and sex 2.01(1.10-3.70)  0.024 1.91(0.59-6.12) 0.279 2.03 (0.99-4.15)  0.053
Polypharmacy adjusted for age, sex, and BMI 2.02 (1.06-3.84) 0.032 2.17 (0.63-7.50) 0.221 1.95(0.91-4.15)  0.085
Polypharmacy adjusted for age, sex, BMI, and etiology 2.10(1.09-4.04) 0.026 2.12(0.60-7.56) 0.245 2.23(1.01-4.90) 0.046
Polypharmacy adjusted for age, sex, BMI, etiology, and 2.11(1.07-4.17)  0.032 1.56 (0.40-6.01) 0.522 2.62(1.14-6.02) 0.023
MELD score
Abbreviations: BMI, body mass index; Cl, confidence interval; MELD, Model for End-Stage Liver Disease; OR, odds ratio.
(a) (c)
100 100
80+ ] 80 M
o, M‘&
g0 e g g0 e
2 2 2 e
£ 40 € 40 € 40
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Younger adults N/A (5.1-N/A) No sarcopenia N/A (N/A-N/A) No polypharmacy ~ N/A (N/A-N/A)
— — — Older adults N/A (5.6-N/A) — — — Sarcopenia N/A (2.1-N/A) — — — Polypharmacy 6.2 (2.6-N/A)
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Time from enrollment (year) Time from enroliment (year) Time from enroliment (year)
Number at risk Number at risk Number at risk
Younger adults 91 55 26 18 11 No sarcopenia 170 107 54 32 15 No Bolypharmacy 112 78 45 31 15
Older adults 148 82 40 22 7 Sarcopenia 69 30 12 8 3 olypharmacy 127 59 21 9 3

Figure 2 Overall survival in (a) older and younger adults, (b) patients with and without sarcopenia, and (c) patients with and without polypharmacy.
Overall survival is estimated using the Kaplan—-Meier method and compared between groups using the log-rank test.

Table 4 Prognostic value of sarcopenia and polypharmacy in multivariate analyses*

Total cohort Younger adults Older adults

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Sarcopenia 2.00 (1.12-3.50) 0.020 2.57 (0.82-7.44) 0.102 1.71 (0.83-3.51) 0.148
Polypharmacy 1.83(1.01-3.37) 0.045 1.47 (0.54-4.01) 0.444 2.31 (1.01-5.67) 0.046
MELD score 1.28 (1.19-1.38) <0.001 1.30 (1.15-1.47) <0.001 1.26 (1.14-1.40) <0.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; MELD, Model for End-Stage Liver Disease.
*Adjusted for age, sex, body mass index, and etiology.

with polypharmacy than in those without polypharmacy Prognostic significance of polypharmacy and sar-

(P <0.001; Fig. 2c), with an HR of 2.75 (95% CI, 1.60-4.71;
P <0.001).

In subgroup analysis, sarcopenia was significantly associ-
ated with poor prognosis in the younger adult group (P = 0.026;
Fig. Sla), with an HR of 2.81 (95% CI, 1.09-7.28; P = 0.033),
and in the older adult group (P = 0.045; Fig. S1b), with an HR
of 1.87 (95% CI, 1.01-3.49; P = 0.048). However, poly-
pharmacy was significantly associated with poor prognosis in
the older adult group (P < 0.001; Fig. S2b), with an HR of
3.80 (95% CI, 1.79-8.05; P <0.001), but not in the younger
adult group (P = 0.265; Fig. S2a), with an HR of 1.63 (95% CI,
0.68-3.90; P = 0.269).

copenia in patients with cirrhosis. The prognostic fac-
tors of patients with cirrhosis evaluated by multivariate analysis
are listed in Table 4. After adjusting for confounders, sarcopenia
(HR, 2.00; 95% CI, 1.12-3.50; P = 0.020), polypharmacy
(HR, 1.83; 95% CI, 1.01-3.37; P = 0.045), and MELD score
(HR, 1.28; 95% CI, 1.19-1.38; P <0.001) were significantly
associated with mortality.

In younger adults, MELD score was significantly associ-
ated with mortality (HR, 1.30; 95% CI, 1.15-1.47; P < 0.001). In
older adults, polypharmacy (HR, 2.31; 95% CI, 1.01-5.67;
P = 0.046) and MELD score (HR, 1.26; 95% CI, 1.14-1.40;
P <0.001), but not sarcopenia (HR, 1.71; 95% CI, 0.83-3.51;
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P = 0.148), were significantly associated with mortality. In addi-
tion, the impact of polypharmacy and sarcopenia on mortality
was compared in two groups, young and old. The results showed
that polypharmacy (HR, 2.53; 95% CI, 1.48-4.47) and sar-
copenia (HR, 1.92; 95% CI, 1.11-3.25) were independently asso-
ciated mortality.

Discussion

This study, to our knowledge, is the first to evaluate the significance
of polypharmacy and sarcopenia in patients with cirrhosis. First, the
prevalence of polypharmacy and sarcopenia was high in these
patients and increased with age. Second, patients with polypharmacy
and sarcopenia had similar characteristics, such as older age,
increased medication use, advanced liver disease, and decreased
skeletal muscle mass and strength. Third, there was a strong associa-
tion between polypharmacy and sarcopenia, especially in the older
adult group. Fourth, these two factors adversely affected prognosis;
more importantly, the prognostic significance of polypharmacy was
more pronounced in older adults than in younger adults. It is diffi-
cult to distinguish between appropriate polypharmacy, which has
health benefits, and inappropriate polypharmacy, in which multiple
medications are no longer required.? However, our results suggest
that polypharmacy and sarcopenia are important predictors of prog-
nosis and that mitigating the impact of polypharmacy on sarcopenia
through the appropriate use of medications improves survival, espe-
cially in older adults with cirrhosis.

Polypharmacy increases the likelihood of adverse events,
including drug—drug interactions, poor medication adherence, falls,
cognitive impairment, and death."'> A nationwide survey in Japan
showed that the prevalence of polypharmacy was 28% and 41% in
the population aged 65-74 and >75 years, respectively.'> In our
cohort, the prevalence of polypharmacy was higher in these two
groups, corresponding to 53.3% and 63%, respectively, demon-
strating that polypharmacy is common in patients with cirrhosis.
Moreover, 53% of patients with cirrhosis had polypharmacy, con-
sistent with the rate reported in a cross-sectional study of patients
with cirthosis (56%).'® Aging commonly involves morphological
and functional changes in the liver, including decreased liver vol-
ume, reduced blood flow, and impaired metabolic and detoxifica-
tion functions."®® Moreover, patients with cirthosis are at an
increased risk of altered drug pharmacokinetics because of patho-
physiological changes such as decreased metabolic capacity, lower
albumin synthesis, and portosystemic shunt.'®'* Recent evidence
shows that 28% and 22% patients with cirrhosis have adverse drug
reactions and drug—drug interactions, respectively.'® Thus, these
patients are more prone to adverse reactions caused by poly-
pharmacy than those without cirrhosis, and more attention should
be paid to optimizing the number of medications to reduce the risk
of adverse events in patients with cirrhosis.'®

Polypharmacy and sarcopenia are common geriatric Syn-
dromes; however, their interaction is complex.' The present study
found that patients with polypharmacy had a twofold higher OR for
sarcopenia, supporting the findings of previous studies."'” Several
mechanisms may underlie the association between polypharmacy
and sarcopenia. Medications that cause side effects, including dys-
phagia and gastrointestinal symptoms, can lead to poor nutritional
status and sarcopenia."'® In addition, medications for liver disease,
such as loop diuretics, proton pump inhibitors, and glucocorticoids,
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can have detrimental effects on skeletal muscle.”'®* In the present
study, patients with polypharmacy used loop diuretics, proton pump
inhibitors, and glucocorticoids more frequently than those without
polypharmacy. In addition, several medications (e.g., statins and
targeted anticancer agents) are known to contribute to the pathogen-
esis of sarcopenia through mitochondrial dysfunction, activation of
the transcription factor NF-kappa B, and increases in reactive oxy-
gen species and inflammatory cytokines.' The insights gained from
this study may help determine the extent to which these medications
contribute to sarcopenia in cirrhosis.

Polypharmacy and sarcopenia worsen prognosis in older
adults'; however, there is limited evidence on the prognostic sig-
nificance of these factors in patients with cirrhosis. In our study,
polypharmacy and sarcopenia independently predicted mortality.
Furthermore, the prognostic significance of polypharmacy was
stronger in older adults than in younger adults. This result might
be attributed to the higher incidence of adverse drug reactions,
geriatric syndromes, functional and cognitive impairments, and
multimorbidity in the former group.'*** Therefore, assessment of
polypharmacy may be useful to stratify the risk of mortality in
patients with cirrhosis.” However, the ideal timing and frequency
of polypharmacy assessment and effect of polypharmacy on the
health outcomes of these patients need to be investigated.?> 2’

This study has two positive points. First, the number of
participants (N = 239) and long follow-up period (minimum
2 years) may allow us to estimate adjusted ORs for sarcopenia
and HRs for death. It is well known that as the age increases, the
number of comorbidities and therefore treatment (drugs)
increases. The findings of our study need validation in large
population-based prospective studies. Second, the analyses were
adjusted for important confounders in the association between
polypharmacy and sarcopenia or mortality.

This study has limitations. First, the observational design
does not allow for the identification of adverse drug reactions,
drug—drug interactions, or drug—disease interactions, which may
affect the interpretation of the results. In addition, the findings
may be influenced by residual confounding and clinically relevant
factors such as daily physical activity, comorbidities, cognitive
impairment, and malnutrition.'”'® Second, polypharmacy and sar-
copenia were assessed at a single time point, preventing the evalu-
ation of changes over time. Third, data on nonprescribed
medications, such as dietary supplements, over-the-counter medi-
cations, and traditional and complementary medicines that may
cause adverse events or interactions with prescribed medications,2
were not collected and analyzed. Fourth, the definition of poly-
pharmacy and diagnostic criteria for sarcopenia vary widely.!*
Considering that the diagnoses of polypharmacy and sarcopenia
were based on Japanese guidelines,"*'® our results might not be
extrapolated to other cohorts in different regions and clinical set-
tings. Thus, these findings should be interpreted with caution and
validated in a large external cohort. However, we believe that this
study serves as a basis for future research.

Conclusion

In conclusion, our results provide convincing evidence that poly-
pharmacy and sarcopenia are common, interconnected, and useful
in predicting mortality in patients with cirrhosis. This study under-
scores the importance of avoiding inappropriate polypharmacy,
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especially for patients with cirrhosis, and the need to implement
other strategies to ensure appropriate pharmacotherapy and prevent
or delay sarcopenia and related adverse events.

Informed consent statement. Informed consent was
obtained from all subjects involved in the study.

Data availability statement. The data presented in
this study are available upon request from the corresponding
author.
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version of this article at the publisher’s website:

Figure S1. Overall survival of patients with and without sar-
copenia in the (a) younger adult group and (b) older adult group.
Overall survival is estimated using the Kaplan—-Meier method
and compared between groups using the log-rank test.

Figure S2. Overall survival of patients with and without poly-
pharmacy in the (a) younger adult group and (b) older adult
group. Overall survival is estimated using the Kaplan—Meier
method and compared between groups using the log-rank test.

Table S1. Types of medications used by patients’
Table S2. Causes of death in our cohort
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