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Abstract

Although there is good evidence that sedentary behavior are associated with poor health outcomes 

in healthy persons and patients with cardiovascular disease, the mental health consequences of 

sedentary behavior have not been widely studied. In this report, we conducted a cross-sectional 

analysis to examine the relationship of self-reported sedentary behavior and depression in a sample 

of 4043 hospitalized men and women with acute coronary syndrome (ACS) enrolled in a 

randomized clinical trial in rural China. Sedentary behavior was assessed by self-report, while 

depression was assessed with the Patient Health Questionnaire-9 (PHQ-9); a subset of 1209 

patients also completed the Beck Depression Inventory-II (BDI-II). Results revealed that greater 
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sedentary behavior was associated with higher levels of depressive symptoms measured by both 

the PHQ-9 (P<0.001) and BDI-II (P<0.001). Compared with patients who reported that they were 

seldom sedentary, patients reporting that they were frequently sedentary were 4.7 times (OR 4.73, 

95% CI: 2.71–8.24) more likely to be clinically depressed defined as PHQ-9 scores ≥ 10 after 

adjusting for demographic factors, lifestyle behaviors, clinical characteristics and in-hospital 

treatments. In conclusion, greater sedentary behavior is significantly related to greater depression 

in Chinese patients with ACS, independent of physical activity. These findings suggest that 

strategies to reduce sedentary behavior may improve medical outcomes and reduce risk for 

depression.
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Introduction

Physical inactivity, or lack of regular exercise, is associated with increased risk of 

cardiovascular disease morbidity and mortality1–3, as well as diabetes4, obesity5, 

hypertension6 and even certain cancers7,8. Recently, the importance of sedentary behavior, 

as distinct from physical inactivity, has gained increased attention. Sedentary behavior has 

been defined as activities that do not increase energy expenditure above the resting level 

(i.e., <1.5 metabolic equivalents) and includes time spent in such activities as sitting and 

lying down during waking hours, working on a computer, watching TV, and engaging in 

other forms of screen-based entertainment9. A number of observational studies have shown 

that excessive time spent in sedentary behaviors is associated with increased risk for adverse 

health outcomes independent of moderate physical activity10,11. Although the importance of 

sedentary behavior on physical health outcomes is recognized 12, the mental health 

consequences of sedentary behavior have not been widely studied. A recent meta-analysis13 

found that sedentary behaviors increased the risk of depression by 25% in the general 

population. To our knowledge, however, no study has yet examined the relationship between 

sedentary behavior and depression in patients with acute coronary syndrome. Therefore, the 

purpose of the present study was to examine the relationship between sedentary behavior 

and depression in a large cohort of post-ACS patients from rural China.

Methods

Four thousand and forty three hospitalized ACS patients who were enrolled in the 

Integrating Depression Care in Acute Coronary Syndromes Patients (I-CARE) study (Trial 

registration on clinicaltrials.gov NCT02195193) served as participants for this study. I-

CARE is an ongoing randomized clinical trial designed to evaluate the clinical effectiveness 

and cost-effectiveness of depression-integrated care to patients from rural China with ACS. 

This study was conducted in 16 rural hospitals around China. The first patient was enrolled 

on November, 2014 and the last patient was randomized on January 2017. Patients with 

severe cardiovascular disease (e.g., class III heart failure), medical comorbidity (e.g., cancer 

with life expectancy < 1 year) or disabled, acute psychosis (e.g., bipolar disorder, 
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schizophrenia, psychotic depression, or high-risk of suicide), women who were pregnant or 

breast-feeding, or individuals who had cognitive impairment and were unable to provide 

informed consent were excluded. This study was approved by the Institutional Review Board 

of Peking University, and written informed consent was obtained from all participants.

During the index hospitalization, we assessed self-reported sedentary behavior prior to 

admission using a single item, written in Chinese, and translated as: “During the past 3 

months, how often do you spend in sedentary behavior (sitting, lying on bed, watching TV, 

playing Mahjong, games, cards, etc.) in your typical day.” Responses were scored on a 3-

point rating scale, as frequently, occasionally and seldom.

Depression was assessed with the Patient Health Questionnaire (PHQ-9)14. The PHQ-9 scale 

is a 9-item, self-report instrument, translated into Chinese, that is designed to map onto the 

depression diagnostic criteria in Diagnostic and Statistical Manual of Mental Disorders Fifth 

Edition. Each item ranges from 0 (not at all) to 3 (nearly every day); scores range from 0 to 

27, with higher scores reflecting greater depression symptoms. Scores ≥10 are clinically 

significant and indicate moderate to severe depressive symptoms. Items were read by a 

trained research assistant to any patient unable to read.

To confirm the relation of depression and sedentary behavior, 1209 patients from 4 select 

rural hospitals also completed the Beck Depression Inventory-II (BDI-II) scale15. The BDI-

II is a 21-item measure of depressive symptoms in which symptoms were rated on a 4-point 

rating scale, with scores ranging from 0 to 63. A score of ≥14 is considered clinically 

significant.

Demographic and lifestyle behaviors such as smoking, alcohol consumption and physical 

activity were obtained from self-report questionnaire. Social support was quantified from the 

5-item, ENRICHD Social Support Instrument16. Clinical characteristics as well as in-

hospital adverse events (e.g., myocardial infarction or re- myocardial infarction, severe 

arrhythmias and congestive heart failure) were documented from hospital medical records.

Differences between patients with different levels of reported sedentary behaviors were 

compared using general linear models and Chi-square tests. To examine the relationship 

between sedentary behavior and depression, general linear model was used to compare 

PHQ-9 scores among patients who reported sedentary behavior frequently, occasionally and 

seldom. Logistic regression models also were used to assess the relationship between 

clinical depression defined by PHQ-9 scores >10 and sedentary behavior. We pre-specified a 

set of potential confounders, which were adjusted in three steps: Model 1 adjusted for age 

and sex. Model 2 also adjusted for education level, marital status, health insurance, social 

support score, body mass index (BMI), smoking status, currently alcohol use, physical 

activity, history of depression, history of hypertension, history of diabetes, prior myocardial 

infarction, type of ACS, left ventricular (LV) ejection fraction (EF), in-hospital adverse 

events, treatment of thrombolysis, and percutaneous coronary intervention. In Model 3, we 

conducted a propensity score-weighted logistic regression based on all confounders in model 

2 to minimize the potential bias caused by residual confounding. All propensity score 

weighted confounders were well-balanced between groups. Two-way interaction terms 
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between sedentary behavior and each of the 19 confounders were calculated to determine if 

the relationship between sedentary behavior and depression was affected by any 

confounders. In addition, sensitivity analyses were performed in a subset of patients from 4 

rural hospitals who also completed the BDI-II. A two-sided p value <0.05 was considered 

statistically significant. Analyses were performed using SAS version 9.4 (SAS Institute Inc, 

Cary, North Carolina).

Results

Of the 4043 ACS patients, 363 (9.0%) were classified as frequently sedentary, 1250 (30.9%) 

occasionally sedentary and 2430 (60.1%) seldom sedentary. The mean PHQ-9 score was 

3.6±3.0 and 135 (3.3%) patients were classified as depressed based upon a cutoff of ≥10 on 

the PHQ-9. In the subset of patients who also completed the BDI-II, the mean score was 

6.17±6.56 and 13.4% of participants obtained scores ≥14. Patients who reported frequent 

sedentary behavior were older, more likely to be less educated and single, and less likely to 

be male, report lower social support, have more in-hospital adverse events, receive less 

thrombolysis therapy, and undergo more percutaneous coronary intervention interventions 

(Table 1).

Results of the general linear model analyses, adjusting for pre-specified confounders, 

revealed that higher PHQ-9 scores were associated greater sedentary behavior (P for trend < 

0.001) (Figure 1). When patients were classified based upon the presence of clinical 

depression on the PHQ-9, logistic regression models revealed a significant increased risk of 

depression associated with higher sedentary behavior (Table 2). In the unadjusted model, 

patients reporting frequent sedentary behavior were 3.41 times more likely to be classified as 

depressed compared to those patients who were seldom sedentary (OR 3.41, 95%CI: 2.20–

5.28). This relationship remained significant after adjusted age and sex (model 1: OR 3.56, 

95%CI: 2.28–5.55) and even stronger when all the other pre-specified confounders were 

adjusted (model 2: OR 4.73, 95%CI: 2.71–8.24). Propensity score-weighted model (model 

3: OR 4.92, 95%CI: 2.89–8.36) revealed the same results. The risk of depression increased 

as the degree of sedentary behavior increased (p for trend <0.001). No interaction was found 

between sedentary behavior and any of the pre-specified confounders. Because some 

patients were either missing LVEF values or there was uncertainty about an MI history, we 

removed those patients from the analyses and results were unchanged.

To confirm the association of depression and sedentary behavior, we performed a sensitivity 

analysis in a subset of 1209 patients who also completed the BDI-II as a measure of 

depression. Patients who reported frequent sedentary behavior obtained higher BDI-II scores 

compared to their less sedentary counterparts (Figure 1) and patients who endorsed frequent 

sedentary behavior were than three times more likely to be depressed (i.e., BDI-II scores 

≥14) compared to those patients who reported that they were seldom sedentary (OR 3.51, 

95%CI: 1.62–7.65).
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Discussion

In this study of more than 4000 patients with acute coronary syndrome, sedentary behavior 

was associated with greater depression measured by two widely used and well-validated 

psychometric instruments. Patients reporting greater sedentary behavior had higher PHQ-9 

scores, and a subset of patients who also completed the BDI-II, also had higher depression 

scores compared to their non-sedentary counterparts. After adjustment for pre-specified 

confounders, patients reporting frequent sedentary behavior had 4.7 times greater risk of 

clinical depression using a cutoff of ≥10 on the PHQ-9 or 3.5 times greater risk using a 

cutoff of ≥14 on the BDI-II relative to those who reported being seldom sedentary.

These findings are consistent with results from previous studies of healthy adults which 

reported that inactive individuals were more likely to be clinically depressed or to report 

greater depressive symptoms17–19. Furthermore, while studies have reported that inactive 

patients with cardiovascular disease are more likely to be depressed, to our knowledge, this 

is the first study to report that sedentary behavior also was associated with depression in a 

large sample of hospitalized ACS patients.

Previously sedentary behavior has been shown to be associated with mental illness17 and a 

recent meta-analysis13 of 24 observational studies found that long-time TV viewing was 

associated with a 13% increase in depressive symptoms and prolonged computer or internet 

use was associated with a 22% increase in risk of depression in adolescents, university 

students, and older adults. The present findings suggest that the association between 

sedentary behavior and depression is even stronger in ACS patients. Furthermore, the 

relationship between sedentary behavior and depression was unchanged when physical 

activity was included in the model, suggesting that the significant relationship between 

sedentary behavior and depression is independent of physical activity.

The mental health implications of sedentary behavior are even more salient since sedentary 

behaviors have become increasingly common. In the United States, adults spend more than 

50% of their time in sedentary behavior20 and a study21 among Chinese adults using 

accelerometry to objectively measure physical activity reported that over 500 minutes per 

day were spent being sedentary. It will be important to develop strategies not only to 

increase physical activity in post-ACS patients, but also to reduce time spent in sedentary 

behaviors.

Our study has several important limitations. Because this was a cross-sectional study, we are 

not able to draw any causal inferences between sedentary behavior and depression. It cannot 

be determined if greater depression resulted in more sedentary behavior or sedentary 

behavior caused worsening symptoms of depression. Future longitudinal analyses may help 

to clarify the temporal relation between these factors. Second, our sample consisted of post-

ACS patients from rural hospitals in China and our results may not generalize to Western 

countries or to more urban environments. Finally, we used a single, self-report item to assess 

sedentary behavior. Although single-item, self-report measures of exercise behavior have 

been shown to be valid22 and have been used previously23,24, more objective measures of 

physical activity and sedentary behaviors, including the use of accelerometry, would be 
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more desirable. We also note that our study has a number of strengths, including a large, 

well-characterized sample of ACS patients from rural China, quantified measurement of 

depressive symptoms derived from well-validated instruments, and statistical adjustment 

incorporating a wide range of potential confounders.

Our observation that patients who reported frequent sedentary behavior reported greater 

depressive symptoms compared to their less sedentary counterparts suggests the potential 

value of developing strategies to reduce sedentary behavior in post-ACS patients to improve 

depression.
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Figure 1. Relation of Depression Symptoms and Sedentary Behavior
Frequent sedentary behavior is associated with greater depressive symptoms assessed by the 

PHQ-9 (left panel) (P for trend < 0.001) and BDI-II (P for trend < 0.001) in post-ACS 

Chinese inpatients. Values represent adjusted mean score (with standard error).
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