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Background: It is currently unknown whether the dynamic nature of

depression a�ects the development of sarcopenia. Herein, this study aims to

assess the association between possible new sarcopenia and the depression

trajectory of individuals and their intimate partners through a 4-year

longitudinal cohort study.

Methods: Our study included 784 pairs of individuals without possible

sarcopenia and their spouses from the China Health and Retirement

Longitudinal Study (CHARLS) 2011. All individuals and their spouses received

three assessments of the Center for Epidemiologic Studies Depression 10-item

(CESD-10) scale in 2011, 2013, and 2015. According to the diagnostic

algorithm recommended by the Asian Working Group for Sarcopenia (AWGS)

2019, we evaluated the incidence of possible sarcopenia in individuals in

2015. Latent class analysis (LCA) was used to identify a longitudinal depression

trajectory of individuals and their spouses during a 4-year follow-up.

Subsequently, we assessed the relationship between possible sarcopenia and

depression trajectory using three generalized additive models.

Results: In 2015, 24.87% (195/784) of individuals were diagnosed with possible

sarcopenia. LCA identified five depression trajectories: a persistently high risk

of depression in individuals and their spouses (reference; class 1 = 34 [4.3%]);

a persistently low risk of depression in individuals and their spouses (class

2 = 526 [67.1%]); a high risk of depression in individuals and a low risk

of depression in spouses (class 3 = 46 [5.9%]); a low risk of depression in

individuals and a high risk of depression in spouses (class 4 = 116 [14.8%]);

and a reduced risk of depression in individuals and their spouses (class 5 =

62 [7.9%]). The highest incidence of possible sarcopenia was shown in class

1, followed by classes 3 and 5. Classes 2 (adjusted relative risk (RR) = 0.44,

95% confidence interval (CI): 0.20–0.97) and 4 (adjusted RR = 0.40, 95%CI:

0.17–0.96) had a significantly lower incidence of possible sarcopenia than class

1. Subgroup analysis demonstrated that the incidence of possible sarcopenia

in class 4 was obviously higher in women (38.89%) than in men (18.4%).
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Conclusions: Our study indicates a persistently high risk of depression in

individuals to develop possible sarcopenia. In addition, a persistently high risk

of depression in intimate partners potentially increases the risk of possible new

sarcopenia, especially in female individuals who are at low risk of depression.

KEYWORDS

depression, intimate partners, trajectory, sex di�erence, possible sarcopenia

Introduction

Population aging has become a serious and rapidly growing

problem in the world, especially in China. The proportion of

older people in China continued to show an upward trend from

1960 to 2016, while the proportion of young people and the

birth rates demonstrated a downward trend (Wei et al., 2019).

Age-related loss of skeletal muscle, named “sarcopenia,” can lead

to physiological consequences and adverse clinical outcomes

(Cruz-Jentoft and Sayer, 2019). In 2019, the Asian Working

Group for Sarcopenia (AWGS) proposed the following original

definition of sarcopenia: age-related loss of skeletal muscle

mass plus loss of muscle strength and/or reduced physical

performance (Chen L. K. et al., 2020). The AWGS 2019 also

introduced the conception of “possible sarcopenia” to encourage

older people to attend hospital for a confirmatory diagnosis

and receive early lifestyle interventions for possible sarcopenia.

Clinicians are exempted from actively exploring potential

causes, especially reversible ones, and providing appropriate

personalized intervention countermeasures for older people

with possible sarcopenia (Chen L. K. et al., 2020). Current

studies have also suggested that possible sarcopenia is associated

with decreased physical function (Kristensen et al., 2021; Lim

and Kong, 2022) and increased risks of cognitive impairment

(Maeda and Akagi, 2017; Cipolli et al., 2021), stroke (6), and

1-year mortality (Kristensen et al., 2021).

Depression is a common and important health problem in

the elderly population (Delibaş et al., 2021). Approximately one

in five people is likely to experience depression at some point in

their lifetime (Malhi and Mann, 2018). Reciprocal associations

between depression and age-related diseases have generated

pathogenetic hypotheses and provided targets for treatment

development (Alexopoulos, 2019). Geriatric depression is

positively associated with adverse clinical consequences, which

include medical comorbidities, cognitive impairment, poor

functioning, and overall mortality (Valiengo et al., 2016).

However, the association between depression and sarcopenia is

controversial. A cross-sectional study from Brazil reported that

depression was associated with an increased risk of sarcopenia

(odds ratio (OR) = 2.23, 95% confidence interval [CI] = 1.11–

4.48) but not with pre-sarcopenia (Szlejf et al., 2019). Endo

et al. (2021) found that depression was positively associated with

pre-sarcopenia and sarcopenia. A Korean study observed non-

significant associations between the prevalence of sarcopenia

and depression or depressive symptoms (Byeon et al., 2016).

Overall, most studies were cross-sectional, which limited the

ability to establish a causal relationship between depression and

sarcopenia. The course of depression varies considerably over

a lifetime. After treatment, depression may recover, recur, and

persist. Compared to acute depression and controls, chronic

depression was associated with an increased risk of developing

adverse consequences (Kahl et al., 2017). However, no study

investigated the association between the dynamic nature of

depression and sarcopenia. In addition, recent studies have

found that depression in intimate partners may have negative

effects on the mental health of individuals and health-related

quality of life (Li et al., 2016; Franz et al., 2020). Whether

depression in intimate partners affects possible new sarcopenia

in individuals remains to be studied further.

Therefore, we hypothesized that different depression

trajectories in individuals and intimate partners may be

associated with the different incidences of sarcopenia. We

obtained study population data from the China Health and

Retirement Longitudinal Study (CHARLS), and determined

a longitudinal depression trajectory of individuals and their

spouses using latent class analysis (LCA). Further analyses were

used to assess the relationships between different depression

trajectories and sarcopenia and explore the sex difference of

these relationships.

Methods

Study population

The CHARLS is a nationally representative longitudinal

survey to better understand the socioeconomic determinants

and consequences of aging for individuals aged ≥ 45 years

and their intimate partners. The CHARLS completed the

first widespread survey during June 2011 and March 2012,

which included 17,708 individuals from 150 county-level units

within 28 provinces. Face-to-face computer-assisted personal

interviews and physical measurements were conducted at each

2-year follow-up. To facilitate comparisons with the RAND
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HRS data, researchers have created the harmonized CHARLS

data. The Biomedical Ethics Review Committee of Peking

University approved the CHARLS. Written informed consents

and all survey data were collected in the National School of

Development of Peking University. A more detailed description

of the CHARLS has been reported elsewhere (Zhao et al., 2014)

and is given in the following link: http://charls.pku.edu.cn/en/.

The definition of sarcopenia and
depression

The CHARLS had no data on appendicular skeletal muscle

massmeasured by dual-energy X-ray absorptiometry (DXA) and

bioelectrical impedance analysis (BIA). Therefore, we assessed

the effect of depression on possible sarcopenia. According to

the AWGS 2019, possible sarcopenia was defined as low muscle

strength with or without reduced physical performance (Chen

L. K. et al., 2020). Handgrip strength <28.0 kg for men and

<18.0 kg for women were regarded as low muscle strength. The

five-time chair stand test ≥12 s was considered as low physical

performance. The age cutoffs for possible sarcopenia were set at

60 years. In 2011, all individuals with possible sarcopenia were

excluded from this study. In 2015, all included individuals in our

study population received reassessment for possible sarcopenia.

Researchers of the CHARLS measured depressive symptoms

using the 10-item Center for Epidemiologic Studies Depression

(CES-D) scale. The study by Chen et al. confirmed adequate

reliability and validity for assessing depression in the elderly

Chinese community-dwelling population (Cheng et al., 2016).

Each CES-D item had four answers, including “rarely,” “some

days” (1–2 days), “occasionally” (3–4 days), and “most of the

time” (5–7 days). We collected all answers as values, from 0 to

3 as “rarely” and “most of the time.” Total scores of 10 items

were 30 scores and the CES-D ≥ 12 scores were classified as

depression with reference to previous studies (Cheng et al., 2016;

Ruiz et al., 2019; Chen H. et al., 2020; Chen L. K. et al., 2020).

Individuals and their intimate partners in our study must have

detailed data on depression in 2011, 2013, and 2015. Intimate

partners were rationed to spouses.

Variables

According to previous studies (Kim et al., 2015; Jiang et al.,

2020; Hu Y. et al., 2022; Hu Z. et al., 2022; Gao K. et al.,

2021), we collected some potentially confounding variables

to adjust for the association between depression trajectory

and possible sarcopenia. These variables included demographic

characteristics (sex, age, urban/rural, education levels, and body

mass index), physical/behavioral factors (smoking, drinking

FIGURE 1

Flow diagram of the study population. The study population was grouped according to whether individuals had possible sarcopenia in the China

Health and Retirement Longitudinal Study 2015.
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alcohol, and difficulty scores of mobility activities), and 13

physician-diagnosed comorbidities (hypertension, dyslipidemia,

hyperglycemia, cancers, chronic lung disease, liver disease, heart

disease, stroke, kidney disease, digestive disease, emotional or

nervous problems, arthritis, and asthma).

Following our previous study (Hu et al., 2021), body

mass index was categorized into four groups: underweight

(<18.5 kg/m2), normal (18.5 to <24.0 kg/m2), overweight

(24.0 to <28.0 kg/m2), and obese (≥28.0 kg/m2). The

status of smoking and drinking alcohol was divided into

never, ever, and current. In addition, we also obtained

the difficulty scores of mobility activities. The scores

of mobility activities on the CHARLS summarized 7-

item scores of having any difficulty (yes = 1 score),

which included walking 100m, climbing several flights of

stairs, getting up from a chair, stooping or kneeling or

crouching, extending arms up, lifting 5 kg, and picking

up a small coin. Mobility difficulties were found to be a

mediator of correlations between depression and chronic

diseases (Jiang et al., 2020).

Inclusion and exclusion criteria

All included individuals must meet the following criteria:

(1) the age of the included individuals was more than 60

years; (2) individuals and their spouses had three CEDS-

10 assessments in 2011, 2013, and 2015; and (3) individuals

experienced two anthropometric and physical measurements

in 2011 and 2015. We also excluded the following individuals

in this study: (1) individuals were diagnosed with possible

sarcopenia in the CHARLS 2011 and (2) individuals did

not have data for the confounding factors included in the

CHARLS 2011.

Statistical analysis

Our statistical analyses had three components. Firstly, the

study population was stratified according to the occurrence

of possible sarcopenia. Using SPSS, the Chi-squared test was

used to compare the difference between the two groups with

categorical variables presented as counts and percentages (%).

We exhibited continuous variables as means and standard

deviations (SDs), and performed a comparison of the two groups

using theMann–Whitney U test for skewed continuous variables

and Student’s t-test or one-way analysis of variance (ANOVA)

for normally distributed continuous variables. Secondly, latent

class analysis (LCA) was used to determine a class-based

phenotype with respect to the longitudinal depression in

individuals and their spouses within our study population.

The LCA model might identify solutions that best describe

these latent classes within which the indicators follow the same

distribution (Sinha et al., 2021). Once identified mathematically,

the latent classes are internally homogeneous, but distinct

from each other (Sinha et al., 2021). We determined the

best fit of the latent classes based on multiple indices, which

included the Akaike information criterion (AIC), Bayesian

information criterion (BIC), adjusted BIC (aBIC), entropy,

Lo-Mendell-Rubin test (LMRt), and bootstrap likelihood ratio

test (BLRt). Lower values of AIC, BIC, and aBIC with the

highest value of entropy indicated a better fit. In addition, the

best fit of the latent classes was associated with LMRt and

BLRt < 0.05. Thirdly, generalized additive analyses with three

binomial regression models estimated the association between

possible new-onset sarcopenia with a longitudinal depression

trajectory. Model 1 included demographic characteristics (sex,

age, urban/rural, education levels, and body mass index),

model 2 added behavioral factors (smoking, drinking alcohol,

and difficulty scores of mobility activities), and model

3 added behavioral factors and the 13 abovementioned

comorbidities. The first and third part of statistical analyses

were done in Empower(R) (www.empowerstats.com; X&Y

solutions, Inc., Boston, MA, USA). Mplus completed LCA.

Relative risks (RRs) with 95% CI represented the strength of

all associations, and a two-tailed p < 0.05 was considered

statistically significant.

Ethics

Because all related data were derived from the

open CHALRS, no patients were involved in the

recruitment and conduct of the study. This study

was deemed exempt from review by the Institutional

Review Board.

Results

Study population characteristics

A total of 784 individuals along with their spouses in the

CHARLS 2011 were included in this study. A flow diagram

is shown in Figure 1. Among the included patients with an

average age of 64.8 ± 4.2 years, 64% were men, and 65.3% were

from rural areas. Approximately 51.9 and 52.3% of individuals

had no history of smoking and drinking alcohol, respectively.

Approximately 9.4% of individuals were associated with the

difficulty scores of mobility activities ≥1 score. In our study,

the prevalence of depression in an individual was 18.9% in

2011, 14.8% in 2013, and 16.6% in 2015. The proportion of

an individual’s intimate partners with depression was 24.5%

in 2011, 19% in 2013, and 23.3% in 2015. A total of 195

individuals met the diagnostic criterion for possible sarcopenia

in the CHARLS 2015. Individuals with possible sarcopenia were
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TABLE 1 Study population characteristics in the China health and retirement longitudinal study.

Individuals with possible sarcopenia P-value

No Yes

N 589 195

Age <0.001

60 to 69 y 526 (89.3%) 152 (77.9%)

≥70 y 63 (10.7%) 43 (22.1%)

Sex 0.403

Male 382 (64.9%) 120 (61.5%)

Female 207 (35.1%) 75 (38.5%)

Education levels 0.18

Under elementary school 216 (36.7%) 86 (44.1%)

Elementary and middle school 320 (54.3%) 93 (47.7%)

High school or above 53 (9.0%) 16 (8.2%)

Urban/rural <0.001

Urban 225 (38.2%) 47 (24.1%)

Rural 364 (61.8%) 148 (75.9%)

Body mass index (BMI) 0.008

Underweight (<18.5 kg/m2) 27 (4.6%) 21 (10.8%)

Normal weight (18.5 to 24.9 kg/m2) 316 (53.7%) 101 (51.8%)

Overweight (25 to 27.9 kg/m2) 201 (34.1%) 54 (27.7%)

Obesity (> 28 kg/m2) 45 (7.6%) 19 (9.7%)

Drinking alcohol 0.314

Never 295 (50.1%) 102 (52.3%)

Ever 64 (10.9%) 27 (13.8%)

Current 230 (39.0%) 66 (33.8%)

Smoking 0.445

Never 300 (50.9%) 107 (54.9%)

Ever 69 (11.7%) 25 (12.8%)

Current 220 (37.4%) 63 (32.3%)

Difficulty scores of mobility activities 0.77±1.06 1.55±1.27 0.002

Hypertension 0.41

No 420 (71.3%) 133 (68.2%)

Yes 169 (28.7%) 62 (31.8%)

Diabetes 0.324

No 550 (93.4%) 178 (91.3%)

Yes 39 (6.6%) 17 (8.7%)

Dyslipidemia 0.873

No 522 (88.6%) 172 (88.2%)

Yes 67 (11.4%) 23 (11.8%)

Cancers 0.706

No 582 (98.8%) 192 (98.5%)

Yes 7 (1.2%) 3 (1.5%)

Chronic lung diseases 0.068

No 527 (89.5%) 165 (84.6%)

Yes 62 (10.5%) 30 (15.4%)

Heart disease 0.693

No 511 (86.8%) 167 (85.6%)

Yes 78 (13.2%) 28 (14.4%)

(Continued)
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TABLE 1 (Continued)

Individuals with possible sarcopenia P-value

No Yes

Stroke 0.773

No 576 (97.8%) 190 (97.4%)

Yes 13 (2.2%) 5 (2.6%)

Emotional or nervous problems 0.432

No 586 (99.5%) 193 (99.0%)

Yes 3 (0.5%) 2 (1.0%)

Arthritis 0.044

No 417 (70.8%) 123 (63.1%)

Yes 172 (29.2%) 72 (36.9%)

Liver diseases 0.61

No 573 (97.3%) 191 (97.9%)

Yes 16 (2.7%) 4 (2.1%)

Kidney diseases 0.349

No 560 (95.1%) 182 (93.3%)

Yes 29 (4.9%) 13 (6.7%)

Digestive diseases 0.178

No 468 (79.5%) 146 (74.9%)

Yes 121 (20.5%) 49 (25.1%)

Asthma 0.081

No 558 (94.7%) 178 (91.3%)

Yes 31 (5.3%) 17 (8.7%)

Depression of individuals in 2011 0.018

No 489 (83.0%) 147 (75.4%)

Yes 100 (17.0%) 48 (24.6%)

Depression of individuals in 2013 0.033

No 511 (86.8%) 157 (80.5%)

Yes 78 (13.2%) 38 (19.5%)

Depression of individuals in 2015 <0.001

No 507 (86.1%) 145 (74.4%)

Yes 82 (13.9%) 50 (25.6%)

Depression of individuals spouse in 2011 0.23 0.23

No 451 (76.6%) 141 (72.3%)

Yes 138 (23.4%) 54 (27.7%)

Depression of individuals’ spouse in 2013 0.407 0.407

No 481 (81.7%) 154 (79.0%)

Yes 108 (18.3%) 41 (21.0%)

Depression of individuals’ spouse in 2015 0.041 0.041

No 462 (78.4%) 139 (71.3%)

Yes 127 (21.6%) 56 (28.7%)

associated with older age, higher difficulty scores in mobility

activities, and a higher prevalence of depression than those

without possible sarcopenia. Detailed characteristics between

individuals with and without possible sarcopenia are shown

in Table 1.

Latent class analysis

A five-class model had a higher entropy (0.817) and a lower

AIC and aBIC than two to four classes in our study population.

When the class model was divided into six groups, LMRt and
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BLRt were more than 0.05 with increased aBIC (see Table 2).

Overall, the five-class model was chosen as the best-fittingmodel

solution for a longitudinal depression trajectory of individuals

and their spouses.

Figure 2 displays five depression trajectories and the

probability of latent class membership for each indicator

variable. Class 1 represented a persistently high risk of

depression in individuals and their spouses (reference; n = 34

[4.3%]). Class 2 was characterized by a persistently low risk of

depression in individuals and their spouses (n = 526 [67.1%]).

Class 3 had a high risk of depression in individuals and a low

risk of depression in individuals’ spouses (n= 46 [5.9%]). Class 4

contained a low risk of depression in individuals and a high risk

of depression in individuals’ spouses (n = 116 [14.8%]). Class 5

harbored the lowest risk of depression in individuals and their

spouses (n= 62 [7.9%]).

Class 4 might be used to assess the effect of depression

in individuals’ spouses on possible sarcopenia in individuals

without depression. The main difference between classes 1 and

3 was that individual’s spouses were at persistently high risk of

depression in class 1. Individuals who were at a persistently high

risk of depression were regarded to be chronically depressed.

Individuals in class 5 might be considered depression remission

or acute depression.

The association between a longitudinal
depression trajectory and possible
sarcopenia

The highest incidence of developing possible sarcopenia was

shown in class 1 (47.1%), followed by classes 3 (37%), 5 (32.3%),

2 (22.2%), and 4 (21.6%). Figure 3A demonstrates the incidence

of possible sarcopenia in class 5 after adjusting for demographic

characteristics, behavioral factors, and comorbidities. All three

models suggested that there was a significantly lower incidence

of possible sarcopenia in classes 2 (adjusted RR = 0.44, 95%CI:

0.20–0.97 in model 3) and 4 (adjusted RR = 0.40, 95%CI:

0.17–0.96 in model 3) than in class 1. The risks of developing

possible sarcopenia in classes 3 and 5 demonstrated a downward

trend compared with class 1, although the difference did not

reach statistical significance (see Table 3). Interestingly, the sex

difference was shown in classes 4 and 5 (see Figure 3B). When

individuals were women who were at persistently low risk of

depression, a persistently high risk of depression in their spouses

was associated with an increased risk of developing possible

sarcopenia class 4. However, male individuals were not affected

by their spouses in the incidence of possible sarcopenia. The

incidence of possible sarcopenia in women with a decreased risk

of depression (class 5) was similar to that of those who were at

persistently low risk of depression (class 2), while an upward

trend of developing possible sarcopenia in man was shown in

class 5 compared with class 2.

Discussion

This study examined the association between the dynamic

nature of depression in older couples and the risk of developing

possible sarcopenia in a 4-year longitudinal cohort survey.

Our study suggested that chronic depression in individuals

and their spouses was associated with a significantly increased

risk of developing possible sarcopenia compared with a low

risk of depression in individuals and their spouses. Depression

remission potentially decreased the risk of possible sarcopenia

compared to chronic depression. In addition, among individuals

without depression, women seemed to bemore susceptible to the

influence of chronic depression of intimate partners than men,

which increased the risk of possible new sarcopenia.

The mechanisms underlying the relationship between

depressive symptoms and sarcopenia involved multiple

molecule-driven pathways, which included age-related chronic

low-grade inflammation, oxidative stress, neurotrophins, and

similar lifestyle factors (such as malnutrition and physical

inactivity) (Gao K. et al., 2021). Current studies and meta-

analyses indicated that sarcopenia is an independent risk

factor for depression and depressive symptoms (Chang et al.,

2017; Li et al., 2022). However, the opposite direction remains

to be explored further, especially in a longitudinal cohort

survey. As mentioned earlier, previous cross-sectional studies

have reported inconsistent results on depression and the

phases of pre-sarcopenia to sarcopenia (Byeon et al., 2016;

Szlejf et al., 2019; Endo et al., 2021). A meta-analysis of 11

studies suggested that depression was an independent factor

for sarcopenia. However, there were some limitations in

this meta-analysis (Gao Q. et al., 2021). All included studies

were cross-sectional, and literature retrieval was insufficient.

In addition, the diagnosis of depression was based on self-

report data in a few studies. Kurita et al. performed a 1-year

longitudinal analysis for patients with advanced chronic kidney

disease and demonstrated that depression is associated with

a higher risk of developing sarcopenia (adjusted OR = 4.64,

95% CI: 1.33–16.2) (Kurita et al., 2021). However, specific

individuals and a relatively short follow-up time limited the

ability to assess the causal association between depression

and sarcopenia. In the study by Kahl et al. (2017) chronic

major depressive disorder (MDD) was defined as a depressive

symptom without remission for at least 2 years. Acute MDD

was defined as a major depressive episode with a duration

of <2 years. Chronic MDD was associated with the highest

amount of adrenal gland volume, followed by acute MDD and

healthy controls. Adrenal gland volume might be considered

as a proxy marker for hypercortisolism (Kahl et al., 2017).

Hypercortisolism secondary to chronic MDD might play
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TABLE 2 Fit indices for latent class analysis (LCA) models with 2–8 classes.

AIC BIC aBIC Entropy LMRt BLRt

Class 2 4278.287 4338.924 4297.643 0.680 <0.01 <0.01

Class 3 4179.337 4272.625 4209.115 0.783 <0.01 <0.01

Class 4 4153.423 4279.362 4193.623 0.752 0.096 <0.01

Class 5 4144.170 4302.760 4192.792 0.817 <0.05 <0.01

Class 6 4140.030 4331.270 4201.075 0.831 0.066 0.182

Class 7 4147.691 4371.582 4219.158 0.849 0.148 0.600

Class 8 4154.910 4411.452 4236.799 0.793 0.456 0.500

AIC, Akaike’s information criterion; BIC, Bayesian information criterion; aBIC, adjusted Bayesian information criterion; LMRt, Lo-Mendell-Rubin test; BLRt, Bootstrap likelihood

ratio test.

FIGURE 2

(A) Latent class analysis (LCA) of depression trajectories in individuals and their spouses. Class 1: a persistently high risk of depression in

individuals and their spouses (reference; n = 34 [4.3%]); class 2: a persistently low risk of depression in individuals and their spouses (n = 526

[67.1%]); class 3: a high risk of depression in individuals and a low risk of depression in individuals’ spouses (n = 46 [5.9%]); class 4: a low risk of

depression in individuals and a high risk of depression in individuals’ spouses (n = 116 [14.8%]; and class 5: the decreased risk of depression in

individuals and their spouses (n = 62 [7.9%]. (B) Probability of each indicator variable in five depression trajectories.
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FIGURE 3

(A) The adjusted incidence of the di�erent latent classes of depression in individuals and their spouses. Class 1: a persistently high risk of

depression in individuals and their spouses; class 2: a persistently low risk of depression in individuals and their spouses; class 3: a high risk of

depression in individuals and a low risk of depression in individuals’ spouses; class 4: a low risk of depression in individuals and a high risk of

depression in individuals’ spouses; and class 5: the decreased risk of depression in individuals and their spouses. (B) The adjusted incidence of

the di�erent latent classes of depression in individuals and their spouses when stratified by sex.

TABLE 3 Associations between possible sarcopenia and depression in individuals and their spouses.

Model 1 Model 2 Model 3

Class 1 Ref Ref Ref

Class 2 0.32 (0.15, 0.67)‡ 0.40 (0.18, 0.86)† 0.44 (0.20, 0.97)†

Class 3 0.66 (0.26, 1.65) 0.65 (0.25, 1.69) 0.70 (0.26, 1.86)

Class 4 0.32 (0.14, 0.73)‡ 0.38 (0.16, 0.89)† 0.40 (0.17, 0.96)†

Class 5 0.47 (0.19, 1.16) 0.50 (0.20, 1.23) 0.52 (0.21, 1.31)

Model 1 adjusted the following variables: sex, age, urban/rural, education levels, and body mass index.

Model 2 adjusted the following variables: sex, age, urban/rural, education levels, body mass index, smoking, drinking alcohol, and difficulty scores of mobility activities.

Model 3 adjusted the following variables: sex, age, urban/rural, education levels, body mass index, smoking, drinking alcohol, difficulty scores of mobility activities, hypertension,

dyslipidemia, hyperglycemia, cancers, chronic lung diseases, liver diseases, heart diseases, stroke, kidney diseases, digestive diseases, emotional or nervous problems, arthritis, and asthma.

Class 1: persistently high risk of depression in individuals and their spouses.

Class 2: persistently low risk of depression in individuals and their spouses.

Class 3: high risk of depression in individuals and low risk of depression in individuals’ spouses.

Class 4: low risk of depression in individuals and high risk of depression in individual’s spouses.

Class 5: decreased risk of depression in individuals and their spouses.
‡p < 0.01, †p < 0.01.

a key role in linking other medical problems (Kahl et al.,

2017). Meanwhile, chronic MDD was associated with the

dysregulation of hypothalamus pituitary adrenal axis (HPAS),

pro-inflammatory cytokines (tumor necrosis factor α (TNF-α)

and interleukin-6 (IL-6)), cardiometabolic (blood pressure

regulation, glucose, and fat metabolism) systems, etc. (Kahl

et al., 2017). In our study, the duration of chronic depression

was up to 4 years, and depression remission happened in 2 years

without recurrence. This study demonstrated that depression

increased the incidence of developing possible sarcopenia in

Chinese older adults. The incidence of possible sarcopenia

in individuals with depression remission was lower than that

in individuals with chronic depression, which indicated the

importance of previous depression treatment and the different

effects of depression subtype on possible sarcopenia. Compared

with previous studies, our 4-year longitudinal cohort study had

a higher confidence level in exploring the causal association

between depression and sarcopenia.
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According to the interdependence theory, the interaction of

individuals with intimate relationships might affect emotions,

cognition, and outcomes between them (Cook and Kenny, 2015;

Marguerite et al., 2017). There was psychological dependence

between intimate partners, and the psychological health of one

member might affect the health status of another member

(Monin et al., 2018). Depression was not only associated with

depression and anxiety disorders in intimate partners, but was

also associated with partner-reported relationship dysfunction

and dissatisfaction (Franz et al., 2020). Depression in intimate

partners might increase the risks of cognitive decline and

depression in individuals (Monin et al., 2018). Our study

firstly observed that chronic depression in intimate partners

potentially promoted the incidence of possible sarcopenia in

individuals with chronic depression and women who were at

low risk of depression. Our study highlighted the interactive

consequences of depression among intimate partners and

suggested the need for early evaluation and intervention aimed

at alleviating both individual-level and couple-level depression.

The mechanisms linking adverse outcomes for individuals to

depression in intimate partners are not clearly elucidated and

remain to be studied further.

Our study also found the sex difference on the association

between possible sarcopenia and depression in individuals and

their intimate partners who were at low risk of depression.

The current study proposed that female individuals are more

likely to be affected by the depression symptoms of their

spouses (Marguerite et al., 2017). Two studies reported that

women are associated with lower quality of life compared

to men when facing the mental health of their intimate

partners (Maroufizadeh et al., 2018; Pascual-Sáez et al., 2019).

One possible explanation is that women are socialized to

be interdependent and more sensitive to mental health. In

addition, differences in biological susceptibility and genetic

and hormonal factors between men and women contributed

to the different outcomes. Compared with men, intact women

had a greater number of nodes and connections, indicated

their intricate molecular response to chronic stress condition

(Karisetty et al., 2017). Another sex difference was shown

in individuals and their intimate partners with depression

remission. After depression remission, the incidence of possible

sarcopenia was higher among men than among women. The

residual effect of depression on possible sarcopenia seemed

to be more obvious in men, even after adjusting for multiple

confounding factors.

The main strength of our study was to investigate the effect

of a 4-year longitudinal depression trajectory of older adults

and their intimate partners on possible sarcopenia using a

nationally representative study of the Chinese population. In

addition, we also assessed the sex difference among different

depression subtypes in terms of developing possible sarcopenia.

Themain limitation of this study was the lack of some important

data of the CHARLS, such as depressive interventions and

skeletal muscle mass measured by DXA and BIA, which affected

us to better evaluate the association between sarcopenia and

depression. Additional limitations included that LCA cannot

observe the depression subtype of individuals with depression

remission and their intimate partners who were at low risk of

depression. In addition, each individual is assigned based on the

highest probability of belonging to one of the latent classes, but

not actually belonging to a single group in LCA (Mori et al.,

2020). Meanwhile, the sample size in the study was relatively

small with potential selection bias, especially in classes 3 and 5,

which might affect research on the relationship between possible

sarcopenia and depression. More studies with large samples are

warranted to further explore and test the association between

sarcopenia and mental health.

Conclusions

Our study suggests that the longer the illness duration of

depression, the greater a person’s risk of developing possible

sarcopenia. Our study also highlights the importance of early

evaluation for depression in intimate partners. A future large-

sample study may benefit from using sarcopenia as measured

by DXA and BIA, and examining the association between

sarcopenia and an actually single subtype of depression. Health

professionals, in their practices, not only screen the risk of

depression in individuals to reduce adverse health consequences

for older adults, but also highlight the importance of depression

in their intimate partners, especially for female individuals.
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