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Introduction: Sarcopenia and depressive symptoms are common disorders in older people; however, there is lacking for studies focus 
on the association between sarcopenia and depressive symptoms by gender. Thus, we investigate gender differences in the association 
between sarcopenia and depressive symptoms.
Methods: 1119 participants aged ≥65 were included in our study. Sarcopenia was defined as no sarcopenia, possible sarcopenia, 
general sarcopenia, and severe sarcopenia by the Asian Working Group for Sarcopenia 2019 consensus. Depressive symptoms were 
assessed by the Geriatric Depression Scale-15. The logistic regression analysis was used to identify the association between sarcopenia 
and depressive symptoms.
Results: No sarcopenia and severe sarcopenia were significantly inversely and positively associated with depressive symptoms only in 
women. In men, low appendicular skeletal muscle mass index was significantly inversely associated with depressive symptoms. In 
women, low gait speed was significantly inversely associated with depressive symptoms, while poor 5-time chair stand test was 
significantly positively associated with depressive symptoms.
Conclusion: Our study found that sarcopenia and its diagnostic elements were significantly associated with depressive symptoms in 
men or women. Interventions for muscle mass and physical performance are necessary for sarcopenia to prevent the development of 
depressive symptoms timely.
Keywords: sarcopenia, depressive symptoms, gender difference, suburban area, older people

Introduction
Sarcopenia and depression are both prevalent disorders, especially among older people.1–3 Both sarcopenia and depres-
sion have significant adverse impacts on individuals and society, such as poor quality of life, severe psychological 
disorders, even mortality,4–7 and can also increase the medical burden on society.8,9 Low muscle mass, low muscle 
strength, and low physical performance are mostly used to define sarcopenia, according to the Asian Working Group for 
Sarcopenia 2019 (AWGS 2019) consensus.10 Self-reported scales are commonly used clinically to screen for depressive 
symptoms or through an interview with a psychiatrist to diagnose depression.5

Current evidence suggests that the relationship between sarcopenia and depression is not clear. Many studies have 
demonstrated that there is a significant association between sarcopenia and depression.11,12 Older people with sarcopenia 
are more likely to experience depressive symptoms. In a study by Gao et al, 769 out of 7706 older people were found to 
suffer from sarcopenia and 35.9% of sarcopenic people had depression.13 Additionally, older people with sarcopenia who 
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have depressive symptoms are more likely to develop suicidal behaviour and increase the mortality of older people with 
sarcopenia.14 Multiple mechanisms of interaction between sarcopenia and depression have been identified, including 
inflammation, oxidative stress, neurotrophins, and lifestyle behaviors.11 However, some studies also demonstrated that 
there is no significant relationship between sarcopenia and depression.15,16

Currently, studies on the association between sarcopenia and depression among older people were mostly conducted 
in urban areas.17 For example, studies by Hayashi et al and Kim et al both found that sarcopenia was associated with 
depressive symptoms among older people in urban areas.18,19 However, there is considerable evidence of significant 
differences between older people in urban and suburban areas, such as sociodemographic (like occupation type and 
educational level),20 lifestyles (like physical activity [PA] level),21 and chronic diseases (like sarcopenia and mental 
disease).22,23 It has been proved that suburban older people are more likely to have sarcopenia than those urban older 
people in China.22 Therefore, more in-depth studies are required to clarify the relationship between sarcopenia and 
depression among older people in suburban areas of China.

Significant differences in physical and mental health have been found in older men and women, respectively.24 In 
terms of gender difference, men are more likely than women to have sarcopenia among community-dwelling older 
people.25 Furthermore, a gender difference in the prevalence of depression among Chinese residents was also found.26 

Therefore, the relationship between sarcopenia and depression may be influenced by gender. However, no studies have 
directly explored the gender differences in the relationship between sarcopenia and depression. Sociodemographic 
characteristics (such as occupation types and educational level) and lifestyles (such as PA level) have been shown to 
have a strong relationship with sarcopenia.1 There are also significant gender differences in the relationship between the 
above aspects and depression.27 To facilitate the progression of healthy ageing, it is necessary to investigate gender 
differences in the relationship between sarcopenia and depression and to provide gender-specific early prevention and 
interventions for sarcopenia and depression in older people.

Thus, in this study, we aimed to: 1) identify gender differences in the prevalence of depressive symptoms in older 
people with different sarcopenic statuses; and 2) explore the relationship between sarcopenia and depressive symptoms 
by gender among older people in Chinese suburban areas.

Methods
Study Design and Ethical Consideration
Our study was performed in the community health service centers in the suburban area of Shanghai (the Chongming 
District), and all data were collected from April to December 2021. This study had achieved the approvement by the 
Ethical Committee of Chongming Hospital Affiliated to Shanghai University of Medicine and Health Sciences in 
November 2020 (approval No. CMEC-2020-KT-42).

Study Participants
Older people were included if: 1) aged 65 years and above; 2) be able to live in their own house or live together with 
family in the community independently for a long time (at least one year); 3) willing to participate in and cooperate with 
various assessments. Older people were excluded if: 1) have physical disabilities (such as a hand, foot, or multiple limbs 
losing, visual and hearing impairments) and cognitive impairment (such as Alzheimer’s disease); 2) diagnosed or self- 
reported diseases (such as severe hypertension, diabetes, heart disease, stroke, hyperthyroidism, or hypothyroidism); 3) 
taking prescription drugs that may obviously affect body composition (such as systemic corticosteroids); 4) cannot 
communicate with researchers during the process of assessments.

We recruited participants from Chengqiao town and Sanxing town, which have 5 communities (n=5286) and 2 
communities (n=2035), respectively. A total of 7 communities has similar demographic characteristics and health status. 
All residents ≥65 years old in 7 communities (n=7321) were invited to participate in our study, and eventually, a total of 
1558 community-dwelling older people were willing to participate in our study. Before the assessments, informed 
consent was signed and obtained by each participant. Due to a lack of data on diagnosing sarcopenia, depressive 
symptoms, and other indicators that would have an impact on both sarcopenia and depressive symptoms, some 
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participants dropped out of the assessments due to personal reasons such as time conflicts, and final data from 1119 
participants (452 men and 667 women) were eventually analysed. Figure 1 shows the flowchart of our study.

Assessment of Sarcopenia
In our study, participants with low muscle mass, decreased muscle strength and/or physical performance were identified 
as having sarcopenia, according to the AWGS 2019 consensus.28 Muscle mass was measured by the bioelectrical 
impedance analysis (BIA) (Inbody 720, Korea), and appendicular skeletal muscle mass index (ASMI) ≤ 7.0 kg/m2 in 
men and ≤ 5.7 kg/m2 in women was defined as low muscle mass. Muscle strength was measured by the hand 
dynamometer (Jamar Plus+ Digital Hand Dynamometer; IL, USA), and handgrip strength (HGS) < 28.0 kg in men 
and < 18.0 kg in women were defined as decreased muscle strength. Physical performance [6-meter walking test 
(6MWT) or 5-time chair stand test (5CST)] was used to assess the gait speed (GS) or the time of 5CST. And GS < 
1.0 m/s measured by the 6MWT or the time of 5CST ≥ 12.0 s was defined as low physical performance. All assessments 
were performed in the community health service centers by assessors.

Assessment of Depressive Symptoms
The Geriatric Depression Scale-15 (GDS-15) is a tool for the screening of depressive symptoms in older people.29 It 
contains 15 items and each requires only a yes/no answer. The total score of this scale ranges from 0 to 15 points, and in 
our study, a score of < 5 was defined as having no depressive symptoms and a score of ≥ 5 was defined as having 
depressive symptoms.30,31 The assessment was performed in the community health service centers by asking participants 
and filling in scales by the assessors.

Assessment of Confounders
Clinical characteristics include age, gender, anthropometric, sociodemographic, and lifestyle. Anthropometric character-
istic assessments include height, weight, body mass index (BMI), and percent of body fat (PBF). BMI was calculated by 
height and weight (BMI=height in meters/weight in kilograms2), and PBF was also assessed by BIA. Sociodemographic 
characteristics include income monthly, farming, educational level, and residence mode. Lifestyles include smoking, 

Figure 1 The flowchart of study.
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drinking, nutritional status, PA level, and sleep duration. Smoking and drinking status were both categorized as non-, 
current- and former- smoking/drinking. Nutrition status was assessed using the Mini Nutritional Assessment.32 

Educational level was categorized into the following three levels: low (including those with no education and only 
with primary education), moderate (including those with junior and/or senior secondary education) and high (including 
those with high school education and above). PA was assessed by the short-form International Physical Activity 
Questionnaire in Chinese language (SF-IPAQ),33 and the level of PA was classified into the following three categories: 
high, moderate, and low, which are according to the criteria of SF-IPAQ. All assessments were performed in community 
health service centers by asking participants and filling in scales by the assessors.

Statistical Analyses
All statistical analyses were performed using the IBM SPSS Statistics version 24.0 (SPSS, Inc., USA). Continuous data 
were presented as mean ± standard deviation meanwhile categorical data were presented as numbers and percentages. 
Baseline characteristics of participants between different sarcopenia statuses were analysed by one-way analysis of 
variance test for analyzing continuous variable data, while Pearson’s chi-square test for the comparison of categorical 
variable data. Logistic regression analysis was used to explore the association between possible/confirmed sarcopenia and 
its diagnostic elements and depressive symptoms. The regression analysis was performed with the forward: LR method 
as the variable screening method. The dependent variable was the risk value for having depressive symptoms (subjects 
without depressive symptoms were coded as 0, while subjects with depressive symptoms were coded as 1), while the 
independent variables were age, BMI, PBF, sociodemographic (income monthly, farming, educational level, and 
residence mode), and lifestyles (smoking status, drinking status, nutritional status, physical activity level, and sleep 
duration). Of all independent variables, only age, BMI, PBF, and income monthly were continuous variables, while the 
rest were categorical variables. The odds ratio and 95% confidence intervals were recorded as analysed results. P-value < 
0.05 is statistically significant.

Results
Characteristics of Participants with Different Sarcopenia Statuses
Among 1119 participants, 90 participants have depressive symptoms and 1029 participants did not have depressive symptoms. 
Among those 90 participants with depression symptoms, only 37 have no sarcopenia, while 25 have possible sarcopenia, 11 
have general sarcopenia, and 17 have severe sarcopenia (p<0.001). The mean age was 71.80 ± 5.32 years old, with 40.4% were 
men and 59.6% were women. The mean ASMI was 6.81 ± 1.04 kg/m2, mean HGS was 27.93 ± 9.63 kg, mean GS was 0.85 ± 
0.19 m/s, and mean 5CST time was 9.24 ± 3.19 s. The details of the characteristics of participants are shown in Table 1.

Characteristics of Participants in Men and Women
Table 2 shows the characteristics of participants in older men and women. Compared to older men, more older women in 
our study have depressive symptoms (M: 5.1% vs W: 10.0%, p=0.003). 55.9% of older women and 35.2% of older men 
are farmers (p<0.001). More older women are at low educational level than older men (M: 41.8% vs W: 56.4%, 
p<0.001). There are 16.8% of older women living alone. In terms of spouse status, 25.6% of older women are widowed, 
while 16.4% of older men are widowed (p<0.001). For smoking and drinking status, older men are significantly more 
than older women (both p<0.001).

Prevalence of Depressive Symptoms in Different Sarcopenia Statuses in Older Men 
and Women
Among older people with possible sarcopenia, the prevalence of depressive symptoms was 5.41% and 15.11% in men 
and women. In general sarcopenia participants, the prevalence of depressive symptoms in men and women was 9.52% 
and 7.25%, respectively. There are 18.42% and 27.78% participants with depressive symptoms in older people with 
severe sarcopenia, and there are significant differences between the two. Figure 2 shows the prevalence of depressive 
symptoms in different sarcopenia statuses in men and women, respectively.
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Association Between Different Sarcopenia Statuses and Its Diagnostic Elements and 
Depressive Symptoms
We investigated the association between different sarcopenia statuses and depressive symptoms in older people using 
logistic regression analysis, and Table 3 shows the logistic regression analysis results of the association between different 

Table 1 Characteristics of Participants with Different Sarcopenia Statuses

Variables Total 
(n=1119)

Sarcopenia statuses p

No Sarcopenia 
(n=700)

Possible Sarcopenia 
(n=213)

General Sarcopenia 
(n=132)

Severe Sarcopenia 
(n=74)

Age (years), mean±SD 71.80 (5.32) 70.43 (4.31) 73.79 (5.73)** 73.17 (5.90)** 76.50 (6.46)** <0.001

Gender, n (%) 0.022

Men 452 (40.4) 277 (39.6) 74 (34.7) 63 (47.7) 38 (51.4)

Women 667 (59.6) 423 (60.4) 139 (65.3) 69 (52.3) 36 (48.6)

Height (m), mean±SD 1.60 (0.08) 1.61 (0.07) 1.59 (0.08)* 1.59 (0.08)* 1.57 (0.08)** <0.001

Weight (kg), mean±SD 63.42 (10.58) 65.72 (10.04) 65.21 (9.53) 53.73 (8.09)** 53.78 (6.62)** <0.001

BMI (kg/m2), mean±SD 24.62 (3.32) 25.21 (3.07) 25.67 (2.95) 21.34 (2.70)** 21.86 (2.51)** <0.001

WC (cm), mean±SD 88.48 (9.56) 89.57 (9.15) 91.25 (8.70) 80.61 (8.95)** 84.14 (8.34)** <0.001

HC (cm), mean±SD 97.37 (6.54) 98.06 (6.26) 99.54 (6.19)* 92.18 (5.72)** 93.80 (5.60)** <0.001

Waist-to-hip ratio, mean±SD 0.91 (0.06) 0.91 (0.06) 0.92 (0.06) 0.87 (0.07)** 0.90 (0.06) <0.001

PBF (%), mean±SD 32.56 (6.70) 32.62 (6.21) 34.34 (7.20)* 29.61 (6.78)** 32.13 (7.71) <0.001

ASMI (kg/m2), mean±SD 6.81 (1.04) 7.04 (0.86) 6.95 (1.33) 5.90 (0.70)** 5.80 (0.63)** <0.001

HGS (kg), mean±SD 27.93 (9.63) 30.88 (8.94) 21.15 (8.42)** 28.47 (7.71)* 18.51 (5.93)** <0.001

GS (m/s), mean±SD 0.85 (0.19) 0.90 (0.16) 0.74 (0.18)** 0.80 (0.16)** 0.68 (0.19)** <0.001

5CST (s), mean±SD 9.24 (3.19) 8.24 (1.76) 11.55 (4.37)** 9.62 (3.53)** 11.41 (4.31)** <0.001

Depressive symptoms, n (%) <0.001

Without depressive symptoms 1029 (92.0) 663 (94.7) 188 (88.3)* 121 (91.7) 57 (77.0)*

With depressive symptoms 90 (8.0) 37 (5.3) 25 (11.7)* 11 (8.3) 17 (23.0)*

Notes: */**Significantly different between different sarcopenia statuses (compared to no sarcopenia) (p<0.05/p<0.001). 
Abbreviations: BMI, body mass index; PBF, percent of body fat; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength; GS, gait speed; 5CST, the 5-time 
chair stand test.

Table 2 Characteristics of Participants in Men and Women

Variables Total (n=1119) Men (n=452) Women (n=667) p

Age (years), mean±SD 71.80 (5.32) 72.65 (5.60) 71.22 (5.04) <0.001

BMI (kg/m2), mean±SD 24.62 (3.32) 24.65 (3.29) 24.60 (3.34) 0.812

ASMI (kg/m2), mean±SD 6.81 (1.04) 7.48 (0.81) 6.35 (0.93) <0.001
HGS (kg), mean±SD 27.93 (9.63) 35.64 (8.65) 22.70 (6.11) <0.001

GS (m/s), mean±SD 0.85 (0.19) 0.87 (0.19) 0.83 (0.18) 0.003
5CST (s), mean±SD 9.24 (3.19) 9.23 (3.65) 9.25 (2.84) 0.910

Sarcopenia status, n (%) 0.022

No sarcopenia 700 (62.6) 277 (61.3) 423 (63.4)
Possible sarcopenia 213 (19.0) 74 (16.4) 139 (20.8)

General sarcopenia 132 (11.8) 63 (13.9) 69 (10.3)

Severe sarcopenia 74 (6.6) 38 (8.4)* 36 (5.4)
Depressive symptoms, n (%) 0.003

No 1029 (92.0) 429 (94.9)* 600 (90.0)

Yes 90 (8.0) 23 (5.1) 67 (10.0)*
Sociodemographic

Farming, n (%) <0.001

No 587 (52.5) 293 (64.8)* 294 (44.1)
Yes 532 (47.5) 159 (35.2) 373 (55.9)*

(Continued)
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sarcopenia statuses and depressive symptoms in men and women, respectively. There was a significant association 
between no sarcopenia and depressive symptoms only in women, even after adjusting for confounders in all models 
[OR=0.516, 95% CI: 0.290–0.917 (p=0.024)]. And severe sarcopenia was also significantly associated with depressive 
symptoms only in women even after adjusting for confounders in all models [OR=2.802, 95% CI: 1.151–6.820 
(p=0.023)]. Table 4 shows the logistic regression analysis results of the association between the diagnostic elements of 
sarcopenia and depressive symptoms in men and women, respectively. Only low ASMI was significantly associated with 
depressive symptoms in men, even after adjusting for confounders [OR=0.308, 95% CI: 0.129–0.737 (p=0.008)]; Low 
GS and poor 5CST were significantly associated with depressive symptoms in women, even after adjusting for 
confounders [OR=0.020, 95% CI: 0.004–0.117 (p<0.001)] [OR=1.172, 95% CI: 1.079–1.273 (p<0.001)].

Discussion
To our knowledge, this is the first study to investigate the relationship between different sarcopenia statuses and its 
diagnostic elements and depressive symptoms by gender among older people in a suburban area of Shanghai, China. 

Table 2 (Continued). 

Variables Total (n=1119) Men (n=452) Women (n=667) p

Educational level, n (%) <0.001

High 26 (2.3) 19 (4.2)* 7 (1.0)
Moderate 528 (47.2) 244 (54.0)* 284 (42.6)

Low 565 (50.5) 189 (41.8) 376 (56.4)*

Residence mode, n (%) <0.001
Live with spouse and children 128 (11.4) 45 (10.0) 83 (12.4)

Live with spouse 746 (66.7) 333 (73.7)* 413 (61.9)

Live with children 74 (6.6) 15 (3.3) 59 (8.8)*
Live alone 171 (15.3) 59 (13.1) 112 (16.8)

Spouse status, n (%) <0.001

Not widowed 874 (78.1) 378 (83.6)* 496 (74.4)
Widowed 245 (21.9) 74 (16.4) 171 (25.6)*

Lifestyles, n (%)

Smoking status <0.001
Never smoking 821 (73.4) 159 (35.2) 662 (99.3)*

Former smoking 135 (12.1) 132 (29.2)* 3 (0.4)

Current smoking 163 (14.6) 161 (35.6)* 2 (0.3)
Drinking status <0.001

Never drinking 734 (65.6) 151 (33.4) 583 (87.4)*
Former drinking 95 (8.5) 88 (19.5)* 7 (1.0)

Current drinking 290 (25.9) 213 (47.1)* 77 (11.5)

Nutritional status 0.045
Protein-calorie malnutrition 13 (1.2) 5 (1.1) 8 (1.2)

At risk of malnutrition 1017 (90.9) 400 (88.5) 617 (92.5)*

Adequate nutritional status 89 (8.0) 47 (10.4)* 42 (6.3)
PA level 0.458

High level 148 (13.2) 64 (14.2) 84 (12.6)

Moderate level 484 (43.3) 201 (44.5) 283 (42.4)
Low level 487 (43.5) 187 (41.4) 300 (45.0)

Sleep duration (h/d) 0.072

< 7 h 393 (35.1) 141 (31.2) 252 (37.8)*
7–9 h 595 (53.2) 253 (56.0) 342 (51.3)

> 9 h 131 (11.7) 58 (12.8) 73 (10.9)

Notes: *Significantly different between without depressive symptoms group and with depressive symptoms group (p<0.05). 
Abbreviations: BMI, body mass index; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength; GS, gait speed; 
5CST, the 5-time chair stand test; PA, physical activity.
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The findings of this study were that women were much more likely than men to have depressed symptoms when they 
had severe sarcopenia, and at the same time, women without sarcopenia were less likely to suffer from depressive 
symptoms than men. After adjusting for confounders, there has a significant difference in the association between no 
sarcopenia and severe sarcopenia and depressive symptoms in women rather than men; In terms of the diagnostic 
elements of sarcopenia, low muscle mass (ASMI) was significantly associated with depressive symptoms only in men, 
while poor physical performance (including low GS and poor 5CST) was significantly associated with depressive 
symptoms only in women even after adjusting for confounders. However, there was no significant relationship between 
low muscle strength (HGS) and depressive symptoms in either men or women.

Figure 2 The prevalence of depressive symptoms in different sarcopenia status in men and women.

Table 3 Association Between Different Sarcopenia Statuses and Depressive Symptoms in Men and Women

Variables Unadjusted Model 1 Model 2 Model 3

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

Men

No sarcopenia 0.206 (0.079–0.533) 0.001 0.330 (0.113–0.969) 0.044 0.401 (0.132–1.219) 0.107 0.427 (0.140–1.304) 0.135

Possible sarcopenia 1.080 (0.356–3.270) 0.892 0.969 (0.289–3.241) 0.959 0.750 (0.214–2.630) 0.654 0.680 (0.190–2.440) 0.554

General sarcopenia 2.303 (0.872–6.089) 0.092 1.529 (0.515–4.535) 0.444 1.616 (0.530–4.926) 0.399 1.627 (0.522–5.075) 0.402

Severe sarcopenia 5.617 (2.150–14.676) <0.001 3.265 (0.939–11.357) 0.063 3.025 (0.807–11.337) 0.101 3.354 (0.857–13.134) 0.082

Women

No sarcopenia 0.457 (0.275–0.760) 0.003 0.508 (0.289–0.890) 0.018 0.504 (0.285–0.888) 0.018 0.516 (0.290–0.917) 0.024

Possible sarcopenia 1.865 (0.072–3.245) 0.027 1.728 (0.965–3.093) 0.066 1.788 (0.998–3.205) 0.051 1.842 (1.016–3.339) 0.044

General sarcopenia 0.675 (0.262–1.742) 0.417 0.541 (0.196–1.494) 0.236 0.530 (0.191–1.470) 0.222 0.490 (0.172–1.396) 0.182

Severe sarcopenia 3.873 (1.778–8.436) 0.001 3.265 (1.363–7.824) 0.008 3.012 (1.253–7.238) 0.014 2.802 (1.151–6.820) 0.023

Notes: Model 1: adjusted for age, BMI, and PBF; Model 2: adjusted for age, BMI, PBF, and sociodemographic (income monthly, farming, educational level, and residence 
mode); Model 3: adjusted for age, BMI, PBF, sociodemographic (income monthly, farming, educational level, and residence mode), and lifestyles (smoking status, drinking 
status, nutritional status, physical activity level, and sleep duration). 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence intervals; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength; GS, gait speed; 5CST, the 5-time 
chair stand test.
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Depression is a very common disorder in the progression of ageing with a high prevalence rate of 27.10% in China,13 

especially in women than men.26 In our study, we found that the proportion of women with depressive symptoms was 
significantly higher than that of men among older people with severe sarcopenia. The gender differences in the 
prevalence of depressive symptoms among severe sarcopenia may be due to the following reasons. First, women go 
through menopause as aging and the function of endocrine and metabolic changes significantly, and there is a greater sex 
hormone change in women (such as the decline of oestrogen level).34,35 Sarcopenia is associated with a lack of sex 
hormones (such as oestroge) which decrease with aging, that has a negative impact on satellite cell function.36 It has been 
proved that women with low oestrogen level are more susceptible to depression.35 Thus, it is a reason for more women 
than men with sarcopenia suffer from depressive symptoms. Second, significant psychological changes occur in women 
after puberty, peripartal period, and menopause (such as the development of neuroticism and post-traumatic stress 
disorder), as well as the changing role of women in life, lead to pessimistic thoughts about life and family, which may 
trigger depressive symptoms.5,37,38 The average life expectancy of women is higher than that of men,39 it is possible that 
older women are more likely than older men to experience widowhood. Our study also found that significantly more 
women than men experience widowhood (M: 16.4% vs W: 25.6%, p<0.001). Additionally, it has been demonstrated that 
experiencing widowhood was closely associated with depression.40 In addition to spouses, children also have 
a significant impact on women’s psychological state. Our study was conducted in a suburban area of China, which is 
characterized by many older people and most of their children choose to work outside the home, leading to an increasing 
number of older women living alone. Our study also did find that more women than men live alone (M: 13.1% vs W: 
16.8%, p<0.001). It has been shown that living alone in older people significantly increases the risk of depressive 
symptoms.41 However, no studies have been conducted to explore gender differences in the psychology of older people 
with sarcopenia. We suggest that future studies should explore the difference between depressive symptoms and 
depression by gender among sarcopenic older people.

There are conflicting results from previous studies on the association between diagnostic elements of sarcopenia and 
depressive symptoms. Szlejf et al and Kim et al demonstrated that muscle mass was significantly and not significantly 
associated with depressive symptoms among older people (including men and women), respectively.19,42 However, these 
studies did not explore gender differences in the relationship between muscle mass and depressive symptoms. In our 
study, we found a significant negative association between muscle mass and depressive symptoms only in men. 
Compared to older women, older men in our study had more poor lifestyles, such as smoking, drinking, and excessive 
sleep duration, and these poor behaviors can accelerate age-related muscle mass loss, thereby exacerbating the severity of 
sarcopenia.43,44 At the same time, these poor behaviors may reduce the expression of factors related to neuronal plasticity 

Table 4 Association Between the Diagnostic Elements of Sarcopenia and Depressive Symptoms in Men and Women

Variables Unadjusted Model 1 Model 2 Model 3

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

Men
Low ASMI 0.370 (0.217–0.631) <0.001 0.248 (0.105–0.584) 0.001 0.286 (0.121–0.679) 0.005 0.308 (0.129–0.737) 0.008
Low HGS 0.922 (0.878–0.968) 0.001 0.946 (0.895–1.000) 0.048 0.949 (0.898–1.003) 0.064 0.952 (0.901–1.006) 0.081

Low GS 0.017 (0.002–0.147) <0.001 0.054 (0.005–0.584) 0.016 0.067 (0.005–0.882) 0.040 0.082 (0.006–1.118) 0.061

Poor 5CST 1.118 (1.038–1.203) 0.003 1.102 (1.014–1.198) 0.023 1.084 (0.988–1.189) 0.089 1.065 (0.967–1.171) 0.200
Women

Low ASMI 0.729 (0.506–1.051) 0.091 0.671 (0.357–1.261) 0.215 0.695 (0.375–1.285) 0.246 0.785 (0.434–1.420) 0.423

Low HGS 0.998 (0.958–1.040) 0.929 1.013 (0.970–1.059) 0.548 1.013 (0.970–1.059) 0.553 1.018 (0.974–1.063) 0.435
Low GS 0.023 (0.005–0.093) <0.001 0.018 (0.003–0.090) <0.001 0.020 (0.004–0.105) <0.001 0.020 (0.004–0.117) <0.001

Poor 5CST 1.185 (1.102–1.273) <0.001 1.172 (1.083–1.267) <0.001 1.168 (1.079–1.265) <0.001 1.172 (1.079–1.273) <0.001

Notes: Model 1: adjusted for age, BMI, and PBF; Model 2: adjusted for age, BMI, PBF, and sociodemographic (income monthly, farming, educational level, and residence 
mode); Model 3: adjusted for age, BMI, PBF, sociodemographic (income monthly, farming, educational level, and residence mode), and lifestyles (smoking status, drinking 
status, nutritional status, physical activity level, and sleep duration). 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence intervals; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength; GS, gait speed; 5CST, the 5-time 
chair stand test.
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(such as brain-derived neurotrophic factor, which is one of the biomarkers of depression),45 thus trigger to the 
development of mental disorders (such as depression).46–48 We, therefore, propose to reduce the development of 
depressive symptoms in older people by educating them about the negative effects of poor lifestyles in their daily 
lives and providing early interventions to prevent sarcopenia. In contrast, our study did not find a significant relationship 
between muscle mass and depressive symptoms in women. This may be related to gender differences in the mechanisms 
of muscle mass loss in sarcopenia. The development of sarcopenia is associated with a chronic low-inflammatory state,49 

which in turn leads to an increase in the concentration of substances secreted by the hypothalamus and the hippocampus 
that may predispose to certain mental diseases (such as depression).5,11 And studies have shown that sex hormones in 
women (such as oestrogens) can protect skeletal muscle by reducing the inflammatory effects. Therefore, this may 
explain the absence of a significant relationship between muscle mass and depressive symptoms in women.

There is a significant relationship between physical performance and depressive symptoms found only in women. In 
our study, there were more farmers in older women than men. Heavy and repetitive agricultural activities can cause 
farmers to maintain inappropriate postures and overuse body functions for long periods of time, causing fatigue to 
themselves.50 Long-time agricultural activities make older people have no enough relax time for muscle recovery, which 
leads to musculoskeletal dysfunction and avoid them from PA.50 These situations may cause low PA level in older 
women, and our study also found that more older women are at low PA level than older men. However, it has been 
proved that maintaining a high PA level was associated with better lower limb function (including GS and the number of 
chair stands) among postmenopausal women.51 Thus, older women in our study may keep more poor lower limb function 
than men, which led to a poor lower limb strength for standing up from chairs. Indeed, physical inactivity increases the 
risk of depressive symptoms.52 Thus, it may be the reason for that a significant relationship between physical 
performance and depressive symptoms may only be found in older women in our study. Furthermore, pesticides exposure 
from agricultural activities may also be a cause of depression. Pesticides have been shown to make alterations in 
neurotransmitter levels, which are associated with various psychological dysfunctions (such as depression, anxiety, and 
suicidal ideation).53 Sufficient evidence suggests that exercise can be effective in improving muscle mass and physical 
performance among older people.54,55 Therefore, implementing exercise interventions to improve muscle mass and 
physical performance in older men and women, respectively, can be effective in the early prevention of depressive 
symptoms and increase the likelihood of healthy aging in older people.

Our study has strengths to this study. First, as there are significant differences between men and women in terms of 
sociodemographic and lifestyle, these differences can affect the association between sarcopenia and depressive symp-
toms. However, most current studies ignored the impact of gender on the relationship between sarcopenia and depressive 
symptoms. Thus, we investigated not only the relationship between sarcopenia and depression but also the relationship 
between the diagnostic elements of sarcopenia and depressive symptoms by gender, and provided a valid theoretical basis 
for the future implementation of early prevention and intervention for sex-specific older people. Second, previous studies 
were mostly conducted in urban areas, but studies in suburban areas are lacking. This is the first study to explore the 
association between sarcopenia and depressive symptoms in suburban area of Shanghai, China, and addresses the 
insufficient number of studies conducted in suburban areas.

Several limitations of the study should be considered. First, GDS-15, as a self-report scale, is commonly used to 
screen older people with depressive symptoms and is not used to diagnose depression. The participants’ response may 
cause recall bias that may have an influence on the prevalence of depressive symptoms. Second, our study used a cross- 
sectional design that cannot establish causality between sarcopenia and depressive symptoms. Thus, we recommend that 
future studies be performed using other types of designs (such as a longitudinal design) to explore the causal relationship 
between sarcopenia and depressive symptoms.

Conclusion
Our study indicated that compared to those with no sarcopenia, the prevalence of depressive symptoms in participants 
with possible sarcopenia and severe sarcopenia were significantly higher. Only in women, no sarcopenia and severe 
sarcopenia were both significantly associated with depressive symptoms even after adjusting for confounders. Low 
muscle mass was significantly associated with depressive symptoms only in men, while low physical performance was 
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significantly associated with depressive symptoms only in women even after adjusting for confounders. Thus, interven-
tion strategies focusing on muscle mass and physical performance may be included in the comprehensive management of 
depression.

Abbreviation
AWGS 2019, the Asian Working Group for Sarcopenia 2019; PA, physical activity; BIA, the bioelectrical impedance 
analysis; ASMI, appendicular skeletal muscle mass index; HGS, handgrip strength; 6MWT, the 6-meter walking test; 
5CST, the 5-time chair stand test; GS, gait speed; GDS-15, the Geriatric Depression Scale-15; BMI, body mass index; 
PBF, percent of body fat.
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