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Purpose: To evaluate the relationship between depressive symptoms and sarcopenia among older adults.
Materials and Methods: This is a cross-sectional study. A total of 700 community-dwelling older persons enrolled in this study.
Sarcopenia is defined according to the Asian Working Group for Sarcopenia 2019 (AWGS 2019). The bioelectrical impedance analysis
assessed muscle mass while a digital dynamometer quantified muscle strength. Furthermore, a 6-meter gait speed test measured
physical performance. The Geriatric Depression Scale (GDS-30) screened for depressive symptoms. Data collected include those of
socio-demographic, lifestyle, and comorbidity.
Results: The sample comprised 700 participants (455 women) with a mean age of 70.4±6.8 years. 21.5% had sarcopenia, among
them, 5.6% at severe stage, while depressive symptoms were present in 8.1% (57/700). After adjusting for the potential confounders of
age, sex, marital status, living status, hypertension, body mass index, and physical activity, the depressive symptoms that were found
were not associated with sarcopenia but, instead, low gait speed. However, severe sarcopenia significantly impacted the risk of
depressive symptoms, particularly in females.
Conclusion: Depressive symptoms are not associated with sarcopenia, but severe sarcopenia increases the risk of depressive
symptoms in females, according to updated AWGS 2019 criteria. Gait speed is independently associated with depressive symptoms.
The finding highlights that older people with sarcopenia should be screened for depressive symptoms, especially females. Future
studies should evaluate the value of gait speed interventions for depressive symptoms among older adults.
Keywords: depressive symptoms, sarcopenia, older people

Introduction
The Coronavirus disease 2019 (COVID-19) is an extraordinary emergency that has become a worldwide pandemic.
Countries have implemented unprecedented draconian measures, such as travel bans, quarantines, and social distancing
to contain the spread of the infection. While quarantines and social distancing seem essential for the time being, the
widespread, substantial and potentially harmful physical and psychological health effects of such measures should not be
ignored.1,2 This is because these measures will significantly increase the key risk factors related to sarcopenia, such as
a sedentary lifestyle and the unavailability of a healthy diet.3

Sarcopenia is an age-related skeletal muscle disorder characterized by the developing and generalized loss Of muscle
strength, mass, and function.4 Its prevalence increases with age and varies from 6.54% to 40.4% around the world.5,6 In
the literature reports, sarcopenia contributes to multiple adverse outcomes, such as loss of mobility and independence,
high risk of falls, fractures, and depression.7–10 All these undesirable outcomes may prolong hospital stays, create long-
term disability, increase drug consumption,11 and drive up healthcare costs for patients.12 Sarcopenia is a predictable risk
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factor for infection and death in patients with COVID-19.13 Patients with sarcopenia are more vulnerable to COVID-19,
especially the older ones.14 Therefore, more attention needs to be paid to the physical and mental health of the elderly,
and to minimize the infection rate, morbidity and mortality of sarcopenia in the elderly during the pandemic.3

With the increasing concerns about sarcopenia, and based on important advances in research, the Asian Working
Group for Sarcopenia (AWGS) issued an updated consensus in 2019.15 The updated diagnostic algorithm also recom-
mends three core diagnostic components (low muscle mass, low grip strength, and low speed) for diagnosing sarcopenia
and a grading of sarcopenia. The updated sarcopenia criteria have revised the cut-off point of the diagnostic components,
which may have a potential impact on the prevalence and the association with adverse events. Although the AWGS 2019
criteria have been adopted in many studies, in China they were used only to assess the prevalence of sarcopenia.16,17

Depressive symptoms are common in older populations, and they are associated with a series of adverse health
outcomes. It was reported that the prevalence rate of depressive symptoms in older populations ranges from 11% to
42%.18,19 Depressive symptoms are closely related to high risk of morbidity, disability and mortality; they have also been
declared to be the main cause of suicides at older ages.20,21 High prevalence of depressive symptoms and their
association with multiple adverse events represent a major public health problem.22

Sarcopenia and depressive symptoms share similar pathways to pathophysiology (neurotrophins, inflammatory
markers, and oxidative stress markers),23,24 etiology (physical inactivity),24 and prognosis (high disability, mortality,
and morbidity). Because sarcopenia and depressive symptoms and the adverse events caused by these diseases are severe,
the association between the two clinical conditions cause public concern and have been explored in many studies, but
with conflicting results.23–25

Although the association between depressive symptoms and sarcopenia has been investigated by cross-sectional
studies,26,27 few used the AWGS 2019 definition. In addition, the studies using data from Asia (South Korea and Japan)
reported no association between depressive symptoms and sarcopenia.28,29 So, the association between the two clinical
conditions remains inconclusive based on the available literature. In addition, sarcopenia defined using the updated
AWGS 2019 has yet to be evaluated in this manner. Therefore, the current survey aims to investigate the association
between depressive symptoms and sarcopenia as explained used the AWGS 2019 criteria. We hypothesize in this present
study that sarcopenia is associated with an increase in depressive symptoms in older adults.

Materials and Methods
Study Population
The present cross-sectional research was performed in Xin Xiang City, located in the north of China, from May to
August 2021. The estimated odds ratio for the association between sarcopenia and depressive symptoms was set at
3.13.24 A sample size of 434 was deemed necessary in order to achieve the statistical power of 0.9 with an alpha error of
0.05 with G*Power 3.0.30,31 There were 700 community-dwelling older people enrolled in the study, therefore the sample
size was sufficiently large to detect statistically significant differences.

A multi-stage sampling approach was used in the present investigation. In stage one, there were sixteen regions in Xin
Xiang City, seven were randomly selected by computer according to geographical administrative divisions, resulting in
two districts, one county-level city, two counties, and two development zones. In stage two, older people were
proportionally (proportion=older population in region/total population) recruited from the seven selected regions.
Individuals aged 60 years and older were included. Exclusion criteria consisted of the inability to walk even with
walking aids, and the inability to communicate with interviewers. This study was conducted in compliance with the
Declaration of Helsinki. Approval for this research was granted through the Ethics Committee of the University of
Malaya (UM.TNC2/UMREC-673) and Xin Xiang Medical University (XYLL-20190523). Written informed consent was
obtained before enrolment.

Data Collection
All participants completed a sociodemographic questionnaire, which included the following items: gender, age, marital
status, education, work history, living arrangements, lifestyle, comorbidity. The levels of physical activity (PA) were
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evaluated by employing the Physical Activity Scale for the Elderly (PASE) by Washburn et al.32 The scale comprised 12
items that addressed the frequency, duration, and intensity of physical, household, and work-related activities over one
week. The Chinese version of PASE (PASE-C) had been tested in 2013 and showed acceptable reliability (intraclass
correlation coefficient was 0.79).33 PASE scores are categorized as: sedentary (0–40), light physical activity (41–90), and
moderate to intense activity (>90).34

Anthropometric assessments were obtained including height, weight, and body mass index (BMI). Height was
assessed with a stadiometer accurate to the nearest cm, and weight was assessed with a digital floor scale accurate to
0.1 kg,23 while body mass index (BMI) was determined as weight (kg) divided by height (m2). WHO have suggested
BMI categories for East Asians as follows: underweight (<18.5 kg/m2), normal weight (18.5 to 22.9 kg/m2), overweight
(23.0 to 24.9 kg/m2), and obese (≥25 kg/m2).35

Assessment of Sarcopenia
According to the Asian Working Group for Sarcopenia (AWGS) 2019, sarcopenia is defined by the presence of low
muscle mass alongside either low muscle strength or low physical performance. The presence of all three criteria, low
muscle mass, low muscle strength, and low physical performance, defines severe sarcopenia.36 In this study, muscle mass
was assessed with a bioelectrical impedance analysis machine (BIA, InBody 230; Biospace Co. Ltd., Seoul, Korea); low
muscle mass was defined through a relative skeletal muscle mass index [appendicular skeletal muscle mass (ASM)/height
(Ht)2], <7.0 kg/m2 for males and <5.7 kg/m2 for females; muscle strength was assessed with the aid of handgrip strength
(HGS) utilizing a digital dynamometer (EH101; Camry, Zhongshan, China). The highest-measured value (more often by
the dominant hand) identified sarcopenia. The cut-off values for HGS were below 28kg for men and below 18kg for
women. Physical performance was determined using the gait speed (GS) of the 6m walk. The test was conducted in an
examination room with a walkway exceeding 8m in length; the start and end of a 6m distance were marked clearly.
Participants were instructed to walk down the walkway at their usual speed, starting 1m before the first marker until they
had cleared the second marker. The time taken for each participant to cover 6m was recorded using a stopwatch accurate
to the nearest 0.1s, and the GS was determined in m/s. A cut-off value of 1 m/s of GS defined low physical performance
in both males and females.15

Assessment of Depressive Symptoms
The 30-item Geriatric Depressive Symptoms Scale (GDS-30) was developed specifically for the assessment of depressive
symptoms in older people.37 This is not a diagnostic tool to confirm depressive symptoms but can be used for case
finding in older people who have high odds of having depressive symptoms.24 The Chinese version of GDS-30 (GDS-30-
C) showed good reliability and validity (internal consistency was 0.89, intraclass correlation coefficient was 0.85).38

There are 30 items on the scale; each response in favor of depressive symptoms receives one point, while other responses
are assigned zero points. The sum of scores for the 30 items ranges between 0 and 30, and a cut-off value of 11 and above
signified the presence of depressive symptoms.39

Statistical Analysis
The categorical variables were outlined as counts and percentages. Characteristics of participants according to depression
status were compared using Chi-Square analysis or Fisher’s Exact analysis. Logistic regression examined the association
between depressive symptoms and sarcopenia. Covariates were selected based on the results of univariate analysis and
added to the model in sequence. The model was initially adjusted for age and sex (model 1). Then added variables
including living status, marital status, hypertension, body mass index (model 2). The model was further adjusted for
physical activity (model 3). Analysis with an interaction term between gender and sarcopenia and depressive symptoms
verified the presence of effect modification by gender (Wald p =0.024 in gender-adjusted model), then conducted gender-
stratified analysis (model 3a). Considering sarcopenia is an age-related muscle disease, age-stratified analysis was also
performed (model 3b).

Statistical studies were conducted by employing SPSS Version 20.0 (IBM, Armonk, NY, www.ibm.com) with
statistical significance set at p < 0.05.
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Results
Among the 821 subjects recruited initially for the study, 65 did not meet the inclusion criteria (ie, could not walk).
Among the remaining 756 subjects, 44 were uncontactable and 12 had insufficient data. 700 (98.3%) presented sufficient
clinical data to be included in the present study (Figure 1).

A total of 700 community-dwelling older persons (mean age=70.38±6.82, ranging from 60 to 93 years old, 65%
female) from China enrolled in this study. Sarcopenia was found in 21.5% (150/700) of participants, while 5.6% (39/700)
were at a severe stage. The prevalence of depressive symptoms was 8.1% (57/700). Table 1 summarizes the character-
istics of participants based on their status of sarcopenia. Individuals with sarcopenia were often older, living with others,
and had hypertension (p<0.05). Furthermore, BMI and physical activity showed significant differences among different
groups (p<0.001).

Individuals with depressive symptoms (defined as GDS scores of 11 or greater) were closely tied with low GS
(p<0.001) and severe sarcopenia (p<0.05) (Table 2).

Crude analysis showed handgrip strength, low GS and severe sarcopenia were associated with a high probability of
depressive symptoms. In multiple logistic regression adjusted for age and gender, only low GS had an increased risk of
depressive symptoms (Table 3, model 1). The significant association between GS and depressive symptoms persisted
after successively adjusting for BMI (Table 3, model 2), physical activity (Table 3, model 3), and being female (Table 3,
model 3a). In the gender-stratified analysis, severe sarcopenia increased the risk of depressive symptoms in females, but

Figure 1 Flowchart of the participants included in this study.
Abbreviations: BMI, body mass index; HGS, handgrip strength; GS, gait speed; ASM, appendicular skeletal muscle mass; PASE, Physical Activity Scale for Older; GDS,
Geriatric Depressive Symptoms Scale.
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not for the males (Table 3, model 3a). In the age-stratified analysis, the presence of depressive symptoms was not
associated with sarcopenia and its diagnostic components (Table 3, model 3b).

Discussion
The overall results indicate that depressive symptoms are not associated with sarcopenia, but severe sarcopenia is
associated with depressive symptoms in females. The presence of the component of low physical performance, defined
using low GS alone, was independently associated with the presence of depressive symptoms, although this was not the
case in the components of low muscle mass or low muscle strength. The results are therefore inconsistent with the
assumed association between sarcopenia and depressive symptoms.

This study assessed the prevalence of sarcopenia defined by the AWGS 2019 criteria and yielded comparable findings
with previous studies in the context of proportions of the populations which fulfilled the predefined criteria for

Table 1 Participants’ Characteristics According to Sarcopenia

Normal(n=550) Sarcopenia(n=111) Severe Sarcopenia(n=39) p

Age 69.05±6.14 73.65±6.49 79.95±6.23 <0.001c

Gender (%) Male 188(34.1) 42(38.2) 15(38.5) 0.643a

Female 363(65.9) 68(61.8) 24(61.5)

Marital status (%) Single 104(18.9) 40(36.9) 16(41) <0.001b

Married 446(81.1) 71(64) 23(59)

Living status (%) Live alone 26(4.7) 14(12.6) 5(12.8) <0.001b

With others 524(95.3) 97(87.4) 34(87.2)
Drinking (%) Never 475(86.4) 97(87.4) 30(76.9) 0.255b

Sometimes 49(8.9) 7(6.3) 7(17.9)
Often 26(4.7) 7(6.3) 2(5.1)

Smoking (%) Never 482(87.6) 88(79.3) 33(84.6) 0.387b

Sometimes 54(9.8) 18(16.2) 5(12.8)
Give up 14(2.5) 5(4.5) 1(2.6)

Hypertension (%) No 320(58.3) 78(70.3) 30(76.9) 0.009a

Yes 229(41.7) 33(29.7) 9(23.1)
Diabetes (%) No 465(84.5) 98(88.3) 34(87.2) 0.586a

Yes 85(15.5) 13(11.7) 5(12.8)

Heart disease (%) No 503(91.5) 101(91) 35(89.7) 0.845b

Yes 47(8.5) 10(9) 4(10.3)

Depressive symptoms (%) No 511(92.9) 100(90.1) 32(82.1) 0.057b

Yes 39(7.1) 11(9.9) 7(17.9)
BMI 24.98±3.16 21.15±2.84 22.05±2.94 <0.001c

PASE scores 135.34±81.63 105.17±85.98 67.52±74.73 <0.001c

Notes: The continuous variables were presented as mean and standard deviation; categorical variables were presented as counts and percentages (%). a: Chi-Square analysis,
b: Fisher’s Exact analysis, c: One-way ANOVA.
Abbreviations: BMI, Body Mass Index; PASE, Physical Activity Scale for Older.

Table 2 Univariate Association of Depressive Symptoms and Sarcopenia

n% p-value

GDS<11 GDS≥11

Low muscle mass 176(89.3) 21(10.7) 0.128

Low handgrip strength 329(89.9) 37(10.1) 0.046

Low gait speed 97(84.3) 18(15.7) <0.001
Sarcopenia 100(90.1) 11(9.9) 0.458

Severe sarcopenia 32(82.1) 7(17.9) 0.032

Abbreviation: GDS, Geriatric Depression Scale.
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Table 3 Multivariate Association Between Depressive Symptoms and Sarcopenia and Its Diagnostic Components

Crude Model 1 Model 2 Model 3 Model 3a Model 3b

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Low muscle mass 1.55(0.88,2.72) 0.13 1.36(0.75,2.47) 0.316 1.40(0.69,2.83) 0.348 1.24(0.60,2.53) 0.557 1.43 (0.59,3.43) 0.427 3.45 (0.46,25.81) 0.228

Low handgrip strength 1.77(1.00,3.11) 0.049 1.57(0.86,2.88) 0.146 1.42(0.76,2.66) 0.272 1.34(0.72,2.53) 0.357 1.39 (0.65,3.00) 0.394 0.77 (0.07,8.20) 0.829

Low gait speed 2.60(1.43,4.73) 0.002 2.29(1.19,4.40) 0.013 2.84(1.44,5.59) 0.003 2.38(1.19,4.77) 0.014 2.46 (1.03,5.87) 0.043 3.77 (0.77,18.54) 0.102
Non-sarcopenia 1 1 1 1 1 1

Sarcopenia 1.44(0.71,2.91) 0.308 1.32(0.64,2.75) 0.454 1.15(0.49,2.70) 0.746 1.01(0.43,2.39) 0.980 1.32(0.46,3.79) 0.612 1.06(0.13,8.42) 0.955

Severe sarcopenia 2.87(1.19,6.91) 0.019 2.25(0.86,5.93) 0.100 2.93(1.03,8.38) 0.045 2.32(0.80,6.75) 0.121 4.83(1.17,19.98) 0.030 3.77(0.77,18.54) 0.102

Notes: Model 1 Adjusted for sex, age. Model 2 Adjusted for sex, age, living status, marital status, hypertension, body mass index. Model 3 Adjusted for sex, age, living status, marital status, hypertension, body mass index, and physical
activity. Model 3a Adjusted for the same covariates as in Model 3, restricted to females. Model 3b Adjusted for the same covariates as in Model 3, restricted to extremely old group (>80).
Abbreviations: OR, odds ratio; CI, confidence interval.
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sarcopenia.40,41 A cross-sectional investigation by Mo et al40 showed a similar prevalence of sarcopenia, described by the
AWGS 2019 criteria, in 21% of 1050 community-dwelling older people in Changsha City, China. Population character-
istics and geographical location may potentially influence the prevalence of sarcopenia, even with the standardization of
definitions using the AWGS criteria.5,42 In their study involving 542 community-dwelling Singaporeans aged 21‒90
years old, Pang et al43 found a higher prevalence of sarcopenia (32.2%) in older adults using the AWGS 2019 criteria.

The prevalence of depressive symptoms in this study is in agreement with the results of previously published works
on Chinese older adults. Wang et al enrolled 865 older people and evaluated depressive symptoms with GDS-15,
establishing an 8.2% prevalence of depressive symptoms among their participants.44 The prevalence of depressive
symptoms ranged from 8% to 9% in other studies on older Asian populations,45 which was significantly lower than in
Europe and the United States. For example, the prevalence of depressive symptoms in the United Kingdom and the
United States was 12.8% and 17.8%, respectively.46,47

The lack of association between sarcopenia and depressive symptoms within this study is consistent with the findings of
several previous studies. Byeon28 reported no association between sarcopenia and depressive symptoms in Korean adults.
Similarly, Ishii et al29 examined the relationship between sarcopenia, obesity and depressive symptoms with the 15-item
GDS scale in 1732 community-dwelling older Japanese and found sarcopenia did not raise the odds of depressive symptoms.
Studies that found no association between depressive symptoms and sarcopenia were from Asian countries (Japan, Korea).
Depressive symptoms appeared to be influenced by low GS but not sarcopenia, which is in accordance with the findings of
several previous investigations.48–52 Chen et al52 examined the relationship between the three basic diagnostic components of
sarcopenia and depressive symptoms with the 30-item GDS scale, in 250 older persons in a Chinese community and found
a substantial association between depressive symptoms and GS. Gait speed is one of core diagnostic component of
sarcopenia and a key indicator of physical performance. Physical performance in a frail population deteriorates as a result
of decreasing muscle mass and muscle strength the two main diagnostic components of sarcopenia ie, not all frail individuals
have poor physical performance but certainly have alterations in either muscle mass, muscle strength or both.3 In the
meantime, low GS is integral to depressive symptoms.49,53 In that case, slow GS does not result from muscle wasting/
weakness and its association with GS is just an association with a symptom that frequently occurs in depression. This,
therefore, highlights the potential role of GS interventions in preventing the progression of sarcopenia in individuals with
depressive symptoms. An alternative explanation for the association between low GS and depressive symptoms is that
reduced physical performance leads to a reduction in social participation, with resultant social isolation and depressive
symptoms.51,53 Further, the task of GS as a potentially modifiable risk factor for depressive symptoms should be explored.

Both AWGS 2019 and the revised European Working Group on Sarcopenia in Older People (EWGSOP2) define
“severe sarcopenia” as low muscle mass, low muscle strength, and low physical performance.4,54 The present study
shows that the correlation is due to severe sarcopenia associated with depression in females, but not for the males,
suggesting that the association between the two may depend on the stage of sarcopenia in females. These findings are in
line with Yazar’s findings.55 Yazar et al demonstrated that, compared to the normal aging group, a higher prevalence of
severe sarcopenia was found in depressive older people (16.7% vs 7.1%, p<0.01), and depression was associated with
sarcopenia stages. The possible explanation of the association might be that: First, the alterations in endocrine and
metabolism caused by gender play an important role in the bilateral association between the two.23,56 Females, especially
post menopause, are more prone to sarcopenia and depression than males. Menopause comes with unhappy physical
changes, which may upset women more than men.57 Second, in severe sarcopenic patients with lower muscles, grip
strength and poor GS, synergistic adverse effects of the three components make them susceptible to depression.58

The results remind us that identification of sarcopenia in the early stages and precautions against developing mental
disorders are beneficial for the improvement of clinical outcomes of, in particular, sarcopenic older females. In view of
the potential impact of different diagnostic methods on the association between the two common clinical conditions, the
results of this study can broaden the data and provide direction for subsequent intervention strategies in the older,
depressed population.

This study has some limitations. First, the study assessed muscle mass using BIA rather than gold standard magnetic
resonance imaging (MRI), which may overestimate muscle mass and the results may fluctuate due to the distribution of
water.3,59 However, compared with the expensive and time-consuming MRI, BIA has the advantages of being reliable,
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affordable, and portable.60 Therefore, the consensus still recommends BIA as a good alternative to muscle mass
measurement.15 Second, the cross-sectional study design precludes the assignment of any temporal relationship.
Indeed, a bidirectional relationship is expected between severe sarcopenia and depressive symptoms. Finally, the
involvement of a community-based sample without being randomly selected but rather recruited through attendance at
a research center may have inadvertently excluded frailer and home-bound individuals and hence resulted in an under-
estimate of the severity and prevalence of sarcopenia in this population. Future prospective studies should establish the
cause-effect relationship between severe sarcopenia and depressive symptoms.

Conclusion
Depressive symptoms are not associated with sarcopenia as defined by the updated AWGS 2019 criteria, and severe
sarcopenia is associated with depressive symptoms in females but not males. Gait speed is independently associated with
depressive symptoms. Early treatments focusing on sarcopenia and GS may help females delay the development of
sarcopenia and the onset of depressive symptoms.
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