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Background: Little is known about whether sarcopenia predicts incident depressive
symptoms in older adults. Using the nationally representative data from the China
Health and Retirement Longitudinal Study (CHARLS), we conducted cross-sectional and
longitudinal analyses to estimate the association between sarcopenia and depressive
symptoms among older adults.

Methods: The sample comprised 7,706 participants aged at least 60 years (50.6%
women; mean age 68.0 £ 6.5) from the CHARLS 2015. Based on the Asian Working
Group for Sarcopenia 2019 (AWGS 2019) criteria, sarcopenia status was classified into
three types: no-sarcopenia, possible sarcopenia, and sarcopenia. Depressive symptoms
were assessed using the validated 10-items of the Center for Epidemiologic Studies
Depression Scale. A cross-sectional analysis was used to examine the relationship
between sarcopenia status and depressive symptoms. A total of 4,652 participants
without depressive symptoms were recruited from the same cohort in 2015 and were
followed up in 2018. Cox proportional hazards regression models were conducted to
examine the effect of sarcopenia status on subsequent depressive symptoms with the
report of hazard ratio (HR).

Results: The prevalence of depressive symptoms in total populations, no-sarcopenia,
possible sarcopenia, and sarcopenia individuals were 27.1% (2085/7706), 21.5%
(927/4310), 33.6% (882/2627), and 35.9% (276/769), respectively. Both possible
sarcopenia (OR: 1.75, 95% CI: 1.46-2.10) and sarcopenia (OR: 1.64, 95% Cl: 1.23-2.19)
were positively associated with higher odds of depressive symptoms (all p < 0.01).
During the 3.7 years of follow-up, 956 cases (20.6%) with incident depressive symptoms
were identified. In the longitudinal analysis, individuals with the diagnosed possible
sarcopenia (HR: 1.27, 95% CI: 1.01-1.58) and sarcopenia participants (HR: 1.49,
95% Cl: 1.06-2.09) were more likely to have new onset depressive symptoms than
no-sarcopenia peers.
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Conclusions: Both possible sarcopenia and sarcopenia, assessed using the AWGS
2019 criteria, were independent predictors for the occurrence of depressive symptoms
among Chinese older adults. Our findings provided new evidence supporting the
longitudinal connection between sarcopenia and mental health problems, it also
provides further justification for timely identification and management of both possible
sarcopenia and sarcopenia as part of comprehensive strategies to fight against

depressive symptoms.

Keywords: sarcopenia, possible sarcopenia, depressive symptoms, low muscle mass, older adults

INTRODUCTION

Sarcopenia, a serious geriatric syndrome with a progressive
skeletal muscle disorder, is a public health concern faced by
aging societies (1, 2). In 2010, the European Working Group
on Sarcopenia in Older People (EWGSOP) first recommended
a diagnostic algorithm for sarcopenia (3). In 2014, the Asian
Working Group for Sarcopenia (AWGS) consensus defined
sarcopenia as “age-related loss of muscle mass, plus low muscle
strength, and/or low physical performance” and specified cutoffs
for each component (4). According to the AWGS 2014 criteria,
the prevalence of sarcopenia among the elderly population
ranges from 6.8 to 25.7% in Asian countries (5). Compelling
evidence shows that sarcopenia is strongly associated with
adverse outcomes, such as falls, fracture, frailty, morbidity,
mortality, and increasing healthcare utilization (1, 6-9). To date,
the clinical and research interest in sarcopenia has grown rapidly;
however, the fields of sarcopenia and routine clinical practice
are still largely separated. Most clinicians remain unaware of
the condition and the diagnostic methods needed to identify it
(1, 10). Therefore, developing and implementing comprehensive
strategies to identify sarcopenia and its effects on mental and
physical health is crucial.

Depression, a major mental health disorder, is closely
linked to an increased likelihood of various health problems
among older adults, such as disability, chronic illness (e.g.,
heart disease, diabetes mellitus, and hypertension), and all-
cause mortality (11-14). Several previous studies have shown
that sarcopenia was positively correlated with depression and
depressive symptoms (15-18). A national survey in China
reported that the prevalence of depressive symptoms among
Chinese adults aged 45 years and older was 37% in 2015; only
<5% of those with depressive symptoms were aware of their
conditions and <2% sought care over time (19). Considering the
various adverse outcomes associated with depressive symptoms
in older people, it is important to understand its associations with
sarcopenia. Recently, a growing body of literature has evaluated
the relationship between sarcopenia and depressive symptoms
(18, 20-22), but almost all studies were cross-sectional, with
small sample sizes or using regional data. To date, there have
not been large population-based perspective surveys on the
causal relationship between sarcopenia and incident depressive
symptoms in older adults. To promote healthy aging, the AWGS
2019 introduces “possible sarcopenia,” defined by either low

muscle strength or low physical performance only, to enable
earlier lifestyle interventions (5). To our knowledge, no studies
have evaluated the relationship between possible sarcopenia and
depressive symptoms in Asia. Regarding sarcopenia components,
in addition to muscle strength and physical performance, the
impact of low muscle mass alone on mental health remains to
be further studied.

At present, the contribution of individual sarcopenia status
to depressive symptoms is still unknown, which gives us the
impetus to investigate associations between possible sarcopenia,
sarcopenia, and depressive symptoms among older adults in
China. Using the nationally representative data from the China
Health and Retirement Longitudinal Study (CHARLS) 2015 and
2018, we conducted cross-sectional and longitudinal analyses to
estimate the association between sarcopenia status and depressive
symptoms among Chinese community-dwelling older adults.

METHODS

Study Population

The CHARLS, established in 2011, is an ongoing nationally
representative longitudinal survey in China. In short, CHARLS
collects high-quality data through one-to-one interviews with a
structured questionnaire, from a nationally representative sample
of the Chinese middle-aged and older population, selected using
multistage stratified probability-proportionate-to-size sampling.
All participants underwent an assessment using a standardized
questionnaire to collect data on sociodemographic and lifestyle
factors and health-related information. In CHARLS 2011, a total
of 17,708 participants in 10,257 households were recruited from
150 counties or districts and 450 villages within 28 provinces
in China. The data included individual weighting variables to
ensure that the survey sample was nationally representative. All
participants were followed up with every 2 years after the baseline
survey. Further details about the study design of the CHARLS
have been previously reported (23).

In our study, we used data from the CHARLS 2015 and
2018. The inclusion criteria for the present study were (1)
individuals aged at least 60 years old in CHARLS 2015; (2)
having data regarding sarcopenia status. Exclusion criteria were
(1) missing data of sarcopenia status; (2) no CES-D-10 scores;
(3) no information about age; (4) persons aged <60 years old;
and (5) no residence and body mass index data. This study was
divided into two sections. (1) In the cross-sectional analysis,
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FIGURE 1 | Flow diagram for participants in a cross-sectional and longitudinal study. CES-D-10, the 10-item Center for Epidemiologic Studies Depression Scale; BMI,

we used data from the large cohort that was followed up in
2015. A total of 21,095 participants were interviewed in CHARLS
2015, 13,389 individuals were excluded because of missing data
of sarcopenia (n = 4,763), no CES-D-10 scores (n 429),
no information about age (n = 174), aged <60 years (n =
7,921), and no residence and body mass index (n = 102),
leaving 7,706 participants for cross-sectional analysis. (2) In the
longitudinal analysis, we further excluded 2,085 subjects with
depressive symptoms in CHARLS 2015 and 969 participants
without information of CES-D-10 scores in CHARLS 2018.
Our final analytic sample included 4,652 participants, who
had no depressive symptoms in CHARLS 2015 and followed
up in 2018. The detailed selection process was shown in
Figure 1.

The Biomedical Ethics Review Committee of Peking
University approved CHARLS (approval number: IRB00001052-
11015), and all participants were required to provide written
informed consent.

Assessment of Sarcopenia Status

Sarcopenia status was assessed according to the AWGS 2019
algorithm, which is composed of three components: muscle
strength, appendicular skeletal muscle mass (ASM), and physical
performance (5). Handgrip strength (kg) was measured in the
dominant hand and non-dominant hand, with the participant
squeezing a YuejianTM WL-1,000 dynamometer (Nantong
Yuejian Physical Measurement Instrument Co., Ltd., Nantong,
China) as hard as possible (23). Every person was measured two
times for both hands by holding the dynamometer at a right
angle (90°). The cutoff points for low grip strength for men and
women were <28 and <18 kg, respectively. The muscle mass was
estimated by ASM using a previously validated anthropometric
equation in Chinese residents (24, 25). Several studies have
shown that the agreement of the ASM equation model and dual
X-ray absorptiometry (DXA) was strong (24, 25). The cutoff for
defining low muscle mass was based on the sex-specific lowest
20% of the height-adjusted muscle mass (ASM/Ht?) among the
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study population (25-27). Finally, the ASM/Ht? values of <5.69
kg/m? in women and <6.88 kg/m? in men were considered as
low muscle mass. In terms of physical performance, the gait
speed and the chair stand test were evaluated using the method
described by Wu et al. (27). Using the cutoff points from the
AWGS 2019 consensus, low physical performance was defined
as a five-time chair stand test >12s, or gait speed on a 6-m
walk <1.0 m/s, or Short Physical Performance Battery (SPPB)
score <9 (5). Further details about the definitions for sarcopenia
components in the CHARLS have been previously published (27).

Sarcopenia is defined when low muscle mass plus low
muscle strength or low physical performance are detected.
Possible sarcopenia is diagnosed by low muscle strength with
or without reduced physical performance. Individuals with all
three components, including low muscle mass, low muscle
strength, and low physical performance, are considered as
having severe sarcopenia (5). In our study population, only 221
(2.9%) participants had severe sarcopenia. Therefore, we merged
participants with severe sarcopenia into the sarcopenia group and
divided all participants into three groups: no-sarcopenia, possible
sarcopenia, and sarcopenia.

Assessment of Depressive Symptoms

In the CHARLS 2015 and 2018, depressive symptoms were
measured using the 10-item short form of the Center for
Epidemiologic Studies Depression Scale (CES-D-10) (28), which
is a widely used self-report measure on depressive symptoms in
population-based studies. The CES-D-10 has satisfactory validity
and excellent psychometric properties among Chinese older
individuals (29). The CES-D short form consists of 10 items:
(1) bothered by little things, (2) had trouble concentrating, (3)
felt depressed, (4) everything was an effort, (5) felt hopeful, (6)
felt fearful, (7) sleep was restless, (8) felt happy, (9) felt lonely,
and (10) could not get going. Each depressive symptom item in
the past week was measured from 0 (rarely or none of the time
[<1 day]) to three points (most or all of the time [5-7 days]).
Individuals who had scores of at least 12 were classified as having
depressive symptoms (29, 30).

Covariates

The study covariates included individual sociodemographic
characteristics and health-related factors. Sociodemographic
variables included age, sex, marital status (married and others),
education (elementary school and below, secondary school,
and college and above), residence (rural and urban), and
socioeconomic status. We defined three socioeconomic groups
on the basis of tertiles of per-capita household consumption
expenditure (tertile 1, 0-4283 CNY; tertile 2, 4,284-9,550
CNY; tertile 3, 9,551 CNY or more). We used annual
per-capita household consumption spending as a proxy for
socioeconomic status (31). Health-related factors included body
mass index (BMI), self-reported smoking and drinking status
(yes or no), and 14 physician-diagnosed chronic conditions
(hypertension, dyslipidemia, diabetes, cancer, chronic lung
diseases, liver disease, heart disease, stroke, kidney disease,
digestive disease, psychiatric disease, memory-related disease,
arthritis or rheumatism, and asthma). BMI was divided into three
categories according to the following WHO cutoff points for

Chinese: underweight (BMI < 18.5 kg/m?), normal weight (BMI
= 18.5 to 24 kg/m?), and overweight or obese (BMI > 24 kg/m?)
(27). In addition, we also assessed the anemia status and cognitive
function at baseline in 2015. Briefly, hemoglobin was measured
at local county health centers, and the hemoglobin values of
<13.0 g/dL in men and <12.0 g/dL in women are defined as
anemia. Cognitive functioning was evaluated via a structured
questionnaire in three dimensions: orientation and attention,
episodic memory, and visuoconstruction. Scores on these three
items were aggregated into a single score that ranged from 0 to
31, and higher scores indicate better cognitive function (32).

Statistical Analysis

Data are presented as means = SD or median and interquartile
range for continuous variables and percentages for categorical
variables. First, baseline characteristics in the cross-sectional
and longitudinal analytical sample are summarized based on
sarcopenia status and compared between participants using the
chi-squared test, Student’s t-test, ANOVA, Mann-Whitney U-
test, or the Kruskal-Wallis test, as appropriate. Second, logistic
regression analysis was used to estimate associations between
possible sarcopenia, sarcopenia, and depressive symptoms
in cross-sectional analysis. To further examine the cross-
sectional associations between possible sarcopenia, sarcopenia,
and specific depressive symptoms, using the previously published
method (30, 33), we coded the items as dichotomous variables
by defining the responses as occasionally or a moderate amount
of time (3-4 days) and all of the time (5-7 days) as having the
specific depressive symptoms. Logistic regression analysis was
used to calculate the odds ratio (OR) with a 95% CI.

In the longitudinal analysis, we calculated the incidence rates
of depressive symptoms per 1,000 person-years in CHARLS
2018. We also measured the follow-up time as the time elapsed
from the date of the last interview to either the date of
diagnosis of depressive symptoms or the date of the latest
interview (March 2019) in which the individual participated.
To examine the association between baseline sarcopenia status
and incident depressive symptoms in longitudinal analysis,
Cox proportional hazards models were used to calculate the
hazard ratio (HR) with 95%CI. Two models were estimated:
in Model 1, age, sex, residence, marital status, educational
level, smoking, drinking, socioeconomic status, and BMI were
included; Model 2 was adjusted as for model 1 with further
adjustment for 14 chronic comorbidities, anemia, and total
cognitive score. In addition, we also evaluated the association
between low muscle mass alone and depressive symptoms in the
cross-sectional and longitudinal analytical sample. All statistical
analyses were performed retrospectively with IBM SPSS (Version
25.0, IBM Corp., Armonk, NY, USA), and R version 3.5.1 (R
Foundation for Statistical Computing). In all cases, p < 0.05 was
considered significant.

RESULTS

Characteristics of Participants in the

Cross-Sectional and Longitudinal Study
The baseline characteristics of the cross-sectional study
participants are shown in Table 1. The mean (SD) age at baseline
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TABLE 1 | Baseline characteristics of 7,706 participants by sarcopenia status in CHARLS 2015.

Characteristics No sarcopenia (n = 4,310) Possible sarcopenia (n = 2,627) Sarcopenia (n = 769) P
Age, years 66.2 +5.3 69.9+7.0 72072 <0.001
Female, n (%) 2,004 (46.5) 1,537 (58.5) 358 (46.6) <0.001
Married (vs. others) 3,678 (85.3) 1,985 (73.7) 557 (72.4) <0.001
Urban (vs. rural) 638 (14.8) 306 (11.6) 50 (6.5) <0.001
Smoking® 1,451 (35.3) 688 (27.6) 288 (39.0) <0.001
Drinking? 1,361 (37.1) 603 (26.6) 201 (30.3) <0.001
Educational level®
Elementary school or below 2,965 (76.3) 2,047 (85.6) 630 (89.6) <0.001
Secondary school 860 (22.1) 329 (13.8) 66 (9.4)
College and above 63 (1.6) 16 (0.6) 7 (1.0)
Socioeconomic status?
Tertile 1 (the poorest) 780 (29.0) 627 (37.8) 206 (41.3) <0.001
Tertile 2 950 (35.3) 507 (30.6) 158 (31.7)
Tertile 3 (the richest) 959 (35.7) 523 (31.6) 135 (27.1)
BMI category, n (%)
Underweight 244 (5.7) 140 (5.3) 223 (29.0) <0.001
Normal weight 2,232 (51.8) 1,314 (50.0) 417 (54.2)
Overweight or obese 1,834 (42.5) 1,173 (44.7) 129 (16.8)
Comorbidities, n (%)
Hypertension 1,079 (25.0) 868 (33.0) 209 (27.2) <0.001
Dyslipidemia 472 (11.0) 334 (12.7) 54 (7.0) <0.001
Diabetes 279 (6.5) 218 (8.3) 41 (5.3 0.003
Cancer 42 (1.0) 30 (1.1) 12 (1.6) 0.337
Chronic lung diseases 476 (11.0) 392 (14.9) 155 (20.2) <0.001
Liver disease 204 (4.7) 99 (3.8) 34 (4.4) 0.162
Heart disease 560 (13.0) 454 (17.3) 126 (16.4) <0.001
Stroke 69 (1.6) 121 (4.6) 26 (3.4) <0.001
Kidney disease 301 (7.0) 202 (7.7) 55(7.2) 0.543
Digestive disease 1,065 (24.7) 663 (25.2) 232 (30.2) 0.006
Psychiatric disease 51(1.2) 45 (1.7) 14 (1.8) 0.123
Memory-related disease 62 (1.4) 83 (3.2) 14 (1.8) <0.001
Arthritis or rheumatism 1,606 (37.3) 1,177 (44.8) 336 (43.7) <0.001
Asthma 179 (4.2) 158 (6.0) 76 (9.9) <0.001
Anemia® 679 (18.6) 479 (23) 214 (35.5) <0.001
Handgrip strength (kg) 31.2+8.6 21.1+84 209+7.2 <0.001
ASM/H2 (kg/m?) 71+15 75+1.0 55+ 2.1 <0.001
Total cognitive score 14 (9, 18) 10 (6, 15) 9 (5, 14) <0.001
CES-D score 6 (3, 10) 8 (4,14) 8 (4, 15) <0.001
Depressive symptoms® 927 (21.5) 882 (33.6) 276 (35.9) <0.001

Data are shown as means + SD median (interquartile range), or numbers (percentages).

aMissing data: 362 for smoking, 1,103 for drinking, 722 for educational level, 2,860 for socioeconomic status, and 1,374 for anemia data.
bDefined as a score of 12 or greater on the 10-item Center for Epidemiologic Studies Depression Scale.
ASM, appendicular skeletal muscle; BMI, body mass index; CES-D, the 10-item Center for Epidemiologic Studies Depression Scale.

was 68.0 (6.5) years; 3,807 (49.4%) of the participants were
men and 3,899 (50.6%) were women. Among these 7,706 older
adults, the prevalence of possible sarcopenia and sarcopenia
was 34.1% (2,627/7,706) and 10.0% (769/7,706), respectively.
Individuals with sarcopenia were older and not married,
more likely to live in rural areas, had lower socioeconomic
status and educational level, and had lower BMI and total

cognitive score, and higher prevalence of chronic conditions
(including hypertension, chronic lung diseases, stroke, heart
disease, digestive disease, memory-related disease, arthritis
or rheumatism, asthma, and anemia) than the no-sarcopenia
individuals (all p < 0.05). A comparison of characteristics
between individuals not included and those who were included
in the longitudinal analysis is shown in Supplementary Table 1.
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OR (95% Cl) P value
Sarcopenia status
No sarcopenia Reference
Possible sarcopenia re—— 1.75 (1.46-2.10) <0.001
Sarcopenia 1.64 (1.23-2.19) 0.001
Age = 0.94 (0.93-0.96) <0.001
Female 1.65 (1.33-2.06) <0.001
Education level
Elementary school and below Reference
Secondary school —_— 0.81 (0.63-1.02) 0.073
College and above 0.64 (0.22-1.88) 0.641
Married —_—r— 0.82 (0.68-0.98) 0.033
Urban —— 0.69 (0.49-0.95) 0.027
Smoking 1.06 (0.86-1.31) 0.581
Drinking —_—— 0.93 (0.77-1.13) 0.476
Socioeconomic status
Tertile 1 Reference
Tertile 2 —— 1.00 (0.82-1.21) 0.980
Tertile 3 —_— 1.06 (0.86-1.30) 0.586
BMI category
Underweight Reference
Normal weight ———es 0.88 (0.64-1.21) 0.445
Overweight or obese PR — 0.69 (0.49-0.96) 0.030
Total cognitive score . 0.94 (0.92-0.95) <0.001
T T T 1
0.5 1.0 1.5 2.0 2.5
FIGURE 2 | Cross-sectional association between sarcopenia status and depressive symptoms. The graph shows odds ratio (OR) and 95% Cl for depressive
symptoms adjusted for age, sex, residence, marital status, educational level, smoking status, drinking status, socioeconomic status, body mass index, and
comorbidities, including hypertension, dyslipidemia, diabetes, cancer, chronic lung diseases, liver disease, heart disease, stroke, kidney disease, digestive disease,
psychiatric disease, memory-related disease, arthritis or rheumatism, asthma, anemia, and total cognitive score.

Supplementary Table 2 presents the baseline characteristics of
4,652 participants without depressive symptoms (46.4% women;
mean age 67.4 £ 6.0) in the longitudinal study stratified by
sarcopenia status. Except for gender, hypertension, digestive
disease, and memory-related diseases, differences in baseline
characteristics stratified by sarcopenia status were similar
in the longitudinal analytical sample, as compared with the
cross-sectional study.

Cross-Sectional Association of Sarcopenia
Status With Depressive Symptoms in
CHARLS 2015

In the cross-sectional study, persons with sarcopenia or possible
sarcopenia had higher CES-D scores than no-sarcopenia
individuals, and the prevalence of depressive symptoms in total
populations, no-sarcopenia, possible sarcopenia, and sarcopenia
individuals were 27.1% (2,085/7,706), 21.5% (927/4,310),

33.6% (882/2,627), and 35.9% (276/769), respectively (p for
trend <0.001, Table 1). Compared with participants with no
sarcopenia, both possible sarcopenia (OR: 1.75; 95% CI: 1.46—
2.10, p < 0.001) and sarcopenia (OR: 1.64; 95% CI: 1.23-2.19,
p = 0.001) were significantly associated with higher odds of
depressive symptoms (Figure 2).

Table 2 shows the association between sarcopenia status and
specific depressive symptoms after adjusting for confounders. Of
the 10 individual depressive symptoms measured by the CES-
D, sarcopenia was significantly associated with five symptoms,
including had trouble concentrating (OR: 1.35; 95%CI: 1.01-
1.79), felt depressed (OR: 1.54; 95% CI: 1.16-2.04), everything
was an effort (OR: 1.88; 95% CI: 1.43-2.48), sleep was restless
(OR:1.48;95% CI: 1.13-1.95), and could not get going (OR: 1.33;
95% CI: 1.02-1.74) (all p < 0.05). We also found that possible
sarcopenia was significantly associated with higher odds of all
the 10 individual depressive symptoms after adjusting for all
covariates (all p < 0.01, Table 2).
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TABLE 2 | The odds ratio of elevated specific depressive symptoms by sarcopenia status in 2015.

Adjusted OR (95% CI) for possible sarcopenia

Adjusted OR (95% CI) for sarcopenia

Items? Symptomatic,n  No-sarcopenia
Bothered by little things 716 (15.4) Reference
Had trouble concentrating 832 (17.9) Reference
Felt depressed 842 (18.1) Reference
Everything was an effort 920 (19.8) Reference
Did not feel hopeful 983 (21.1) Reference
Felt fearful 357 (7.7) Reference
Sleep was restless 825 (17.7) Reference
Did not feel happy 1,158 (24.9) Reference
Felt lonely 659 (14.2) Reference
Could not get going 355 (7.6) Reference

1.51 (1.26, 1.80)"**
1.35 (1.13, 1.61)*
1.49 (1.25, 1.78)*
1.55 (1.30, 1.85)**

1.32 (0.99, 1.77)*
1.35 (1.01, 1.79)*
1.54 (1.16, 2.04)™
1.88 (1.43, 2.48)"**

1.25 (1.0, 1.47)" 1.14 (0.87, 1.49)
1.97 (1.51, 257y 1.37 (0.90, 2.09)
1.35 (1.14, 1.60 1.48 (1.13, 1.95/
1.52 (1.25, 1.85)** 1.16 (0.84, 1.58)
1.50 (1.18, 1.90) 0.99 (0.68, 1.45)

1.39 (117, 1.64)™ 1.33(1.02, 1.74)*

aMeasured by the 10-item Center for Epidemiologic Studies Depression Scale. Model was adjusted for age, sex, residence, marital status, educational level, smoking status, drinking

status, socioeconomic status, body mass index, all comorbidities (hypertension, dyslipidemia, diabetes, cancer, chronic lung disea

, liver disease, heart disease, stroke, kidney

disease, digestive disease, psychiatric disease, memory-related disease, arthritis or rheumatism, asthma), anemia, and total cognitive score.

*p <0.10.
*p < 0.05.
*p < 0.01.
0 < 0.001.

TABLE 3 | Incidence of depressive symptoms according to baseline sarcopenia
status, 2015-2018.

Sarcopenia Cases, Incidence rate, per HR (95% CI)
status no. 1,000

person-years Model 12 Model 2°
No sarcopenia 531 47.09 Reference Reference
Possible 326 69.56 1.44 1.27
sarcopenia (1.18,1.76)**  (1.01, 1.58)*
Sarcopenia 99 69.62 1.53 1.49

(1.12,2.09)*  (1.06, 2.09)*

HR, hazard ratio. @Model 1 was adjusted for age, sex, residence, marital status,
educational level, smoking status, drinking status, socioeconomic status, and body mass
index.

bpodel 2 was adjusted as for model 1 with further adjustment for comorbidities
(hypertension, dyslipidemia, diabetes, cancer, chronic lung diseases, liver disease, heart
disease, stroke, kidney disease, digestive disease, psychiatric disease, memory-related
disease, arthritis, or rheumatism, asthma), anemia, and total cognitive score.

*o < 0.05.

**p < 0.01.

**p < 0.001.

Longitudinal Association Between Baseline
Sarcopenia Status and Incident Depressive

Symptoms at Follow-Up, 2015-2018

During the follow-up period between CHARLS 2015 and
CHARLS 2018, 956 cases (20.6%) with incident depressive
symptoms were identified (Table 3). During the 3.7 years of
follow-up, the incidence rate of depressive symptoms was 47.09
per 1,000 person-years among participants with no-sarcopenia,
69.56 per 1,000 person-years among possible sarcopenia, and
69.62 per 1,000 person-years among participants with sarcopenia.
Table 3 shows the relation between baseline sarcopenia status
and incident depressive symptoms in the longitudinal analysis.
After adjusting for age, sex, residence, marital status, educational

level, smoking status, drinking status, socioeconomic status, and
BMI (in model 1), the presence of sarcopenia was independently
associated with a 53.0% increased risk of depressive symptoms
(adjusted HR:1.53; 95% CI: 1.12-2.09, p < 0.01). Individuals
with possible sarcopenia had a 44.0% increased risk of incident
depressive symptoms (adjusted HR: 1.44; 95% CI: 1.18-1.76, p
= 0.008). The results did not significantly change after further
adjusting for comorbidities, anemia, and total cognitive score
(in model 2). Individuals with the diagnosed possible sarcopenia
(adjusted HR: 1.27; 95% CI: 1.01-1.58, p = 0.040) and sarcopenia
participants (adjusted HR: 1.49; 95% CI: 1.06-2.09, p = 0.021)
were more likely to have incident depressive symptoms than
no-sarcopenia peers (Table 3 and Figure 3).

Cross-Sectional and Longitudinal
Associations of Low Muscle Mass Alone
With Depressive Symptoms

In the cross-sectional analysis, a total of 4,310 individuals
(46.5% women; mean age 66.2 + 5.3) were included, and
767 individuals (17.8%) had low muscle mass alone with
neither low handgrip strength nor low physical performance.
The prevalence of depressive symptoms was 20.8% (738/3,543)
among individuals without any sarcopenia components and
24.6% (189/767) among individuals with low muscle mass
alone (Supplementary Table 3). Individuals with low muscle
mass alone were not significantly associated with higher odds
of depressive symptoms (OR: 0.94; 95% CI: 0.69-1.29, p =
0.700). In the longitudinal analysis, a total of 2,949 participants
(56.3% women; mean age 66.0 £ 5.1) were included, and 494
participants (16.8%) had low muscle mass alone with neither low
handgrip strength nor low physical performance. The incidence
rate of depressive symptoms was 44.77 per 1,000 person-years
among participants without any sarcopenia components and
58.06 per 1,000 person-years among participants with low muscle
mass alone (Table 4). Compared with the individuals without
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HR (95% Cl) P value
Sarcopenia status
No sarcopenia Reference
Possible sarcopenia —— 1.27 (1.01-1.58) 0.040
Sarcopenia 1.49 (1.06-2.09) 0.021
Age L | 0.99 (0.97-1.01) 0.234
Female 1.60 (1.20-2.11) 0.001
Education level
Elementary school and below Reference
Secondary school —_—— 0.83 (0.63-1.10) 0.190
College and above 0.36 (0.09-1.40) 0.136 -
Married Sy 0.85 (0.68-1.08) 0.166
Urban _— 0.77 (0.52-1.12) 0.170
Smoking 1.16 (0.91-1.51) 0.247
Drinking —— 0.94 (0.74-1.19) 0.598
Socioeconomic status
Tertile 1 Reference
Tertile 2 ——— 0.86 (0.68-1.08) 0.193
Tertile 3 —_— 0.95 (0.75-1.21) 0.665
BMI category
Underweight Reference
Normal weight r———— 0.84 (0.57-1.25) 0.393
Overweight or obese 0.90 (0.59-1.36) 0.604
Total cognitive score .| 0.99 (0.97-1.01) 0.218
T T T T 1
0.5 1.0 1.5 2.0 2.5
FIGURE 3 | Longitudinal association of baseline sarcopenia status with incident depressive symptoms, 2015-2018. The graph shows hazard ratio (HR) and 95% ClI
for depressive symptoms risk adjusted for age, sex, residence, marital status, educational level, smoking status, drinking status, socioeconomic status, body mass
index, all comorbidities, anemia, and total cognitive score.

any sarcopenia components, those having low muscle mass
alone in the absence of low grip strength and low physical
performance were not significantly associated with an increased
risk of incident depressive symptoms after adjusting for potential
confounders (HR: 1.20; 95% CI: 0.85-1.69, p = 0.311).

DISCUSSION

To our knowledge, using a large nationally representative survey
of the Chinese population, this study is the first attempt to
investigate the cross-sectional associations between possible
sarcopenia, sarcopenia, and depressive symptoms, and the
effect of baseline sarcopenia status on the risk of subsequent
depressive symptoms among Chinese older adults. We found
that both possible sarcopenia and sarcopenia, assessed using
the AWGS 2019 algorithm, were independently and positively
associated with higher odds of depressive symptoms in the
cross-sectional analysis. Importantly, individuals with diagnosed
possible sarcopenia or sarcopenia were at higher risk of incident

depressive symptoms among Chinese older adults. There was no
significant increased risk of depressive symptoms for participants
with low muscle mass alone in the absence of low grip strength
and low physical performance.

In the cross-sectional study, we found that sarcopenia
was independently associated with higher odds of depressive
symptoms, and individuals with sarcopenia were more likely to
report a higher CES-D score than no-sarcopenia peers. These
findings are in line with several cross-sectional studies (16-
18, 20, 21), suggesting that the presence of sarcopenia was closely
correlated with higher odds of depressive symptoms and/or
depression. A meta-analysis comprising of 15 observational
studies conducted by Chang et al. (17) showed that sarcopenia
demonstrated a significant positive association with depression
after adjusting for potential confounders. Wang et al. (18), whose
study focused on the elderly Asian population, demonstrated that
sarcopenia was strongly associated with depressive symptoms
among 865 elderly Chinese individuals. Moreover, the ELSA-
Brasil Study (34) suggested that depression was associated
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TABLE 4 | Longitudinal association of low muscle mass alone with incident
depressive symptoms, 2015-2018.

Cases, Incidence rate, per HR (95% CI)
no. 1,000
person-years Model 12 Model 2P
Muscle mass (n = 2,949)
Reference 411 44.77 1 1
(n = 2,455)
Low muscle 107 58.06 1.54 1.20
mass alone (0.83, 1.60) (0.85, 1.69)
(n = 494)

HR, hazard ratio. Reference was a group of participants without any sarcopenia
components. Low muscle mass alone, low muscle mass with neither low grip strength
nor slow physical performance.

aModel 1 was adjusted for age, sex, residence, marital status, educational level, smoking
status, drinking status, socioeconomic status, and body mass index.

PpModel 2 was adjusted as model 1 with further adjustment for comorbidities, anemia, and
total cognitive score.

with sarcopenia as defined by the National Institutes of
Health criteria among 5,927 middle-aged and older Brazilian
adults, and this association was mainly due to low muscle
strength. However, there is a paucity of research on the causal
relationship between sarcopenia and depressive symptoms in
Asia. To our knowledge, this is the first large, population-based
longitudinal study that has found sarcopenia is independently
associated with an increased incidence of depressive symptoms
among Chinese older adults. We found that individuals with
sarcopenia had a 49% higher risk of new onset depressive
symptoms compared with the no-sarcopenia group after the
adjustment for the potential confounders. These results may
indicate that assessment of sarcopenia in older adults might
facilitate identification of those at greatest risk of incident
depressive symptoms, who would benefit most from early
intervention. The underlying mechanisms of the association
between sarcopenia and depressive symptoms are multifactorial,
involving common molecule-driven pathways (35, 36), including
neurotrophins, chronic inflammation, and oxidative stress, and
similar lifestyle factors (1, 2), such as malnutrition and physical
inactivity. Exercise has been shown to ameliorate the process
of sarcopenia and depression (I, 2, 37). Mounting evidence
indicates that physical activity can diminish the blood-brain
barrier permeability and function as it reinforces antioxidative
capacity, reduce oxidative stress, alter neurotrophic factor status,
and have anti-inflammatory effects (38-40). In particular, the
muscle-brain endocrine loop mediated by myokine is also
involved in the associations between sarcopenia and several
health problems, such as depression, anxiety, and cognitive
decline (40-43). In general, skeletal muscle can produce
and secrete several cytokines and peptides, namely myokines
that improve brain functions, including mood, cognitive, and
neuronal injury protection, showing the existence of muscle-
brain crosstalk (41, 42).

Based on the AWGS 2019 criteria, the diagnostic algorithm
for sarcopenia consists of three components, namely muscle
strength, skeletal muscle mass, and physical performance. The

AWGS 2019 also recommended a new entity of “possible
sarcopenia’ to facilitate early lifestyle intervention in prevention
settings (5). In addition to sarcopenia, the current study
also demonstrated interesting findings regarding the effect of
possible sarcopenia and low muscle mass alone on depressive
symptoms. Compared with participants with no sarcopenia,
possible sarcopenia was positively associated with higher odds
of depressive symptoms in the cross-sectional analysis. As part
of the results, we also found that participants with low muscle
mass alone were not significantly associated with depressive
symptoms. Consistent with our findings, the Toyota Prevention
Intervention for Cognitive Decline and Sarcopenia study (20)
reported that both low physical performance and low muscle
strength were significantly associated with depressive mood
among 432 Japanese older adults, but decreased muscle mass
was not. In addition, the ELSA-Brasil Study also reported that
depression was not associated with low muscle mass in the cross-
sectional study with 5,927 middle-aged and older Brazilian adults
(34). Furthermore, several studies have proven that low grip
strength, a component of possible sarcopenia, was independently
associated with depression (34, 44). In the current study,
we tried to confirm the causal relationships between possible
sarcopenia, low muscle mass alone, and depressive symptoms.
In the longitudinal analysis, we first found that individuals
with the diagnosed possible sarcopenia were associated with a
significantly increased risk of incident depressive symptoms. But
another component of sarcopenia, low muscle mass alone, did
not show an increased risk of incident depressive symptoms.
Our findings support the validity of current major criteria of
possible sarcopenia by the AWGS 2019, and it also suggested
that maintaining enough muscle strength and/or physical
performance could be beneficial in the prevention of depressive
symptoms for older adults. At the same time, early diagnosis,
lifestyle interventions, and prevention of possible sarcopenia in
routine clinical practice should be taken as a factor in fighting
against depressive symptoms and promoting healthy aging.

Plenty of previous studies (16, 18, 20, 21) on the relationship
of sarcopenia with depressive symptoms only regarded the
presence of depressive symptoms as a binary variable. However,
this schema discards data about specific symptom items,
treating all as equivalent and interchangeable indicators of
depressive symptoms (45). Moreover, two sarcopenic persons
with equal CES-D scores may have different severity of clinical
symptoms. To date, no studies have assessed the association
between sarcopenia status and specific depressive symptoms
of CES-D-10 among Chinese older adults. In this study, we
found that sarcopenia was significantly associated with certain
depressive symptoms, such as having trouble concentrating,
feeling depressed, everything was an effort, sleep was restless,
and could not get going. Our findings are consistent with
evidence from the ELSA-Brasil Study (34) showing that several
depressive symptom items, such as impaired concentration, sleep
problems, and depressed mood, were associated with sarcopenia
among middle-aged and older Brazilian adults. Our results
suggest that elderly people who are at high risk of sarcopenia
should be screened and intervened for specific depressive
symptoms items.
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There are several strengths to this study. First, we used a large
and nationally representative sample, thereby allowing for broad
generalizability of our findings to the Chinese older population.
Second, unlike most previous cross-sectional studies, this is the
first study to explore the longitudinal relationships between
possible sarcopenia, sarcopenia, and depressive symptoms in
Asia. In addition, the study was also the first one to examine
the associations between sarcopenia status and specific depressive
symptoms items of CES-D-10 among Chinese older adults. More
importantly, our findings supported the validity of the current
major algorithm of possible sarcopenia by the AWGS 2019
and suggested that preventing and/or improving both possible
sarcopenia and sarcopenia may be beneficial in fighting against
depressive symptoms and promoting healthy aging for Chinese
older adults.

However, there are limitations to this study. First, in our
study, individuals walked a 2.5-m course at their normal pace
two times, rather than a 6-m walk. However, a systematic review
comprising of 48 studies found that the “distance walked did
not influence the recorded gait speed” among older adults (46).
Moreover, Wu et al. (27) reported that the average gait speed
among individuals with sarcopenia and without sarcopenia in
CHARLS 2015 was consistent with the results of a previous
Chinese study. Therefore, a 2.5-m walk might be appropriate for
assessing the walking speed of Chinese older residents. Second,
the information about the SPPB score are completely missing, so
the estimates may have some degree of bias. Third, this study used
observational data, which may have biased the observed relations
by introducing confounding factors. To reduce such bias, we
considered as many related factors as possible in the analysis;
however, other potential confounding factors, such as nutritional
status, hypoalbuminemia, food habits, physical inactivity, and
sleep behavior, cannot be ruled out. Despite these limitations, our
findings will provide essential clues for future research. Future
studies are needed to pinpoint the role of depressive symptoms
in the new onset of sarcopenia. With respect to the clinical
implications of our findings, integration of both sarcopenia
and depressive symptoms assessment should be introduced to
community-based health checkups and routine clinical practice
of older adults.

CONCLUSION

In conclusion, both possible sarcopenia and sarcopenia, assessed
using the AWGS 2019 criteria, were independent predictors
for the occurrence of depressive symptoms among Chinese
older adults. Our findings provided new evidence supporting
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