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Abstract  

Background: The high co-occurrence of tobacco smoking and depression is a major public health concern 

during the novel coronavirus disease-2019 pandemic. However, no studies have dealt with missing values 

when assessing depression. Therefore, the present study aimed to examine the effect of tobacco smoking on 

depressive symptoms using a multiple imputation technique. 

Methods: This research was a longitudinal study using data from four waves of the China Health and 

Retirement Longitudinal Study conducted between 2011 and 2018, and the final sample consisted of 

74,381 observations across all four waves of data collection. The present study employed a multiple 

imputation technique to deal with missing values, and a fixed effects logistic regression model was used for 

the analysis.  



Results: The results of fixed effects logistic regression showed that heavy smokers were 1.2 times more 

likely to suffer from depressive symptoms than those who never smoked. Compared to those who never 

smoked, for short-term and moderate-term quitters, the odds of suffering from depressive symptoms 

increased by 30% and 22%, respectively. The magnitudes of the odds ratios for of the variables short-term 

quitters, moderate-term quitters, and long-term quitters decreased in absolute terms with increasing time-

gaps since quitting. 

Conclusions: The empirical findings suggested that among Chinese middle-aged and older adults, heavy 

smokers and short-term and moderate-term quitters were more likely to have depressive symptoms than 

those who never smoked. Moreover, former smokers reported that the probability of having depressive 

symptoms decreased with a longer duration since quitting. These results may have important implications 

that support the government in allocating more resources to smoking cessation programs to help middle-

aged and older smokers. 

Keywords: smoking, depressive symptoms, multiple imputation, China 

 

Background  

Tobacco smoking is one of the biggest public health threats, resulting in more than 7 million deaths a year 

worldwide [1]. In China, 50.5% of adult men were current smokers in 2018, although the figure was only 

2.1% for adult women. The prevalence of current smoking was 30.2% among adults aged 45-64 years and 

23.1% among adults aged 65 years or older, implying that there are more than 163 million middle-aged and 

older adults who smoke in China. Even though tobacco smoking has been proven to be a major cause of 

diseases such as cancers, heart diseases, and respiratory diseases, only 16.1% of current smokers in China 



plan to quit smoking within twelve months [2]. Meanwhile, depression is currently becoming a significant 

public health problem, with more than 300 million people estimated to suffer from depression worldwide 

[3]. The prevalence of depressive symptoms among older adults was 20.0%. Depression in late life is 

associated with an elevated risk of morbidity and suicide and decreased physical and cognitive functioning 

[4,5]. 

The novel coronavirus disease 2019 pandemic has led to adverse changes in health behaviors such as 

smoking and physical activity and widespread mental disorders such as depression and anxiety [6,7]. The 

high co-occurrence of tobacco smoking and depression is a major public health concern during this 

unprecedented crisis. The reciprocal relationships between tobacco smoking and depression have been 

widely documented; for example, depression is associated with later smoking behavior, and smoking 

exposure is associated with later depression [8-12]. Several previous studies have demonstrated an 

association between tobacco smoking and depression: tobacco smoking increases the risk of depressive 

symptoms. Such an association has been shown across different age groups, such as adolescents [13], 

adults[14,15], middle-aged and older adults [16,17], and elderly people [18]. Conversely, few studies have 

shown that tobacco smoking reduces depressive symptoms [19,20]. Furthermore, other studies have shown 

that depression predicts the persistence of tobacco smoking [21-25].  

A previous study found that, among Chinese middle-aged and older adults, smokers were less likely to 

develop depressive symptoms, which is inconsistent with previous findings in developed countries [20]. 

The main reason for this finding may be that there were 1,965 missing 10-item Center for Epidemiologic 

Studies Depression Scale (CESD-10) baseline scores and 2,888 missing CESD-10 follow-up scores among 

respondents in both interviews. Missing values are a common challenge in most social research studies, and 



the problem is often pronounced in studies using self-rated instruments. Similarly, previous studies on 

smoking and depression may have encountered the problem of missing values [26,27]. Missing values 

reduce statistical power, cause bias in the estimation of the parameters, and lessen the representativeness of 

the samples [28].  

Missingness mechanisms were first introduced by Rubin in 1976 [29]. Rubin distinguished three 

fundamental missing-values mechanisms: missing completely at random (MCAR), missing at random 

(MAR), and missing not at random (MNAR). MCAR occurs when the missingness is unrelated to the 

observed and unobserved value for a unit. Under an MAR mechanism, the probability of a missing value 

for an item may depend on observed data but not on unobserved data. MNAR means that the probability of 

missingness depends on the underlying value of an item. Many researchers adopt a listwise deletion 

approach (complete-case analysis) to deal with missing values. This approach is based on the assumption of 

MCAR. However, this assumption is sometimes difficult to justify in practice [30]. Therefore, various 

imputation methods have been developed to compensate for missing values in survey data. The methods 

include random selection, preceding question, question mean, individual mean, single regression, and 

multiple imputation. Multiple imputation is the most accurate technique for dealing with missing values 

when assessing depressive symptoms [26].  

Overall, the difficulty of estimating the effect of smoking status on depression has led to conflicting 

findings in the general population. Moreover, although the association between tobacco smoking and 

depression has been documented, thus far, there have been no studies dealing with missing values when 

assessing depression. To bridge these gaps, the present study is aimed to examine the effect of tobacco 

smoking on depressive symptoms using panel data with a multiple imputation technique. 



Methods  

Data Source 

The data used in this study were obtained from the China Health and Retirement Longitudinal Study 

(CHARLS), launched by the National School of Development of Peking University. The CHARLS sample 

was drawn from 28 provinces, 150 counties/districts, and 450 villages/residential committees. Multistage 

stratified sampling with a probability proportional to size was used for the survey. More details on the 

sampling procedure and data collection process are available in the study by Zhao et al. [31]. The CHARLS 

questionnaires include sections on household information, demographic background, health status and 

physical functioning, health care and insurance, work, retirement, pension, income, expenditure, assets, 

housing characteristics, etc. 

The CHARLS is a biennially longitudinal survey of Chinese families and individuals aged older 

than 45 years. In the first wave in 2011, 17,337 persons (older than 45 years old) were successfully 

interviewed; in the three waves of full sample follow-up surveys in 2013, 2015, and 2018, 18,248 persons, 

20,083 persons, and 19,584 persons were successfully interviewed, respectively. The measured variables 

and their respective percentages of missing values are presented in Table 1. After eliminating the measured 

variables with missing values less than 1% (871 persons), the final sample consisted of a total of 74,381 

persons for the data collection waves, 58,854 with no missing values and an additional 15,527 with missing 

values in at least one of the measured variables.   

----------Table 1 about here--------- 

Measurements 

Depressive symptoms 



The CESD-10 was used to assess depressive symptoms in the CHARLS questionnaire. First, the CESD-10 

was developed from the full-length version of the 20-item Center for Epidemiologic Studies Depression 

Scale (CESD-D), which was designed as a screening instrument for depressive symptoms in older adults 

[32]. Second, the CESD-10 indicated good predictive accuracy when compared to the CESD-D. Last, the 

CESD-10 has shown reasonable validity and reliability in the Chinese population and adequate validity 

across a range of ages in longitudinal studies [33,34]. 

In the CHARLS, each respondent was asked, ‘How often have you felt or behaved this way during the 

last week?’. The survey consists of 10 items (e.g., I felt depressed, I felt fearful, my sleep was restless, and 

I was happy), which can be rated on a 4-point Likert scale from 0 (less than 1 day) to 3 (5-7 days). The 

range of the CESD-10 total score is 0 to 30, and a cutoff score of 10 or higher indicates the presence of 

significant depressive symptoms [32]. Therefore, the variable of depressive symptoms was set as a 

dichotomous variable that equaled 1 if the individual self-rated CESD-10 score was equal to or greater than 

10 and equaled 0 if otherwise. 

Smoking status  

In the CHARLS, each adult was asked, ‘Have you ever chewed tobacco, smoked a pipe, smoked self-rolled 

cigarettes, or smoked cigarettes/cigars?’ and ‘Do you still have a smoking habit or have you totally stopped 

smoking?’. According to these two questions, all adults were divided into three mutually exclusive groups: 

never smoked, current smokers, and former smokers. For further analysis, the present study categorized 

current smokers into three subgroups (light, moderate, and heavy smokers) based on their average cigarette 

consumption (‘In one day about how many cigarettes do you consume?’). Light smokers were current 

smokers who reported consuming from 1-10 cigarettes per day, moderate smokers were those who 



consumed from 11-19 cigarettes per day, and heavy smokers were those who consumed 20 cigarettes or 

more per day. Former smokers were categorized into three subgroups (short-term, moderate-term, and 

long-term quitters) based on the total number of years since the respondents had quit smoking (‘At what 

age did you totally quit smoking?’): short-term quitters were former smokers who had quit smoking ≤1 

year age, and moderate-term quitters and long-term quitters were former smokers who had quit smoking 2-

5 years and ≥6 years age, respectively [35]. 

Covariates  

The analysis also considered the following three categories of variables as covariates to explain depressive 

symptoms: (1) current health-related factors, including self-rated health, functional limitations, and chronic 

conditions; (2) several demographic characteristics that may also affect depressive symptoms, such as sex, 

age, educational attainment, marital status, and rural residency; and (3) in addition to smoking, another 

health behavior factor included in the analysis was drinking. The definitions of the covariates are provided 

in Table 2. 

----------Table 2 about here--------- 

Multiple imputation of missing values  

During the CHARLS investigation, the respondents were not required to answer any question in the 

cognition and depression section that they do not want to answer, and the interviewers went on to the next 

question. Moreover, the CESD-10 must be answered by the respondents themselves and cannot be 

answered by other family members. As a result, the proportion of missing values for the CESD-10 items 

was approximately 10% (see Table 1). In addition, the respondents who smoked filtered or unfiltered 

cigarettes answered the question about average cigarette consumption. The respondents who smoked a 



pipe, self-rolled cigarettes, cigars, or water cigarettes skipped the average cigarette consumption question. 

Therefore, missing values accounted for approximately 12% of the values for the variable of smoking 

status. The present study adopted the MAR assumption and employed a multiple imputation technique to 

deal with missing values. 

Multiple imputation is a simulation-based statistical technique that allows researchers to increase the 

availability of data points, thus reducing biases associated with the deletion of observations due to missing 

values [36]. Multiple imputation has three elemental phases: imputation, analysis, and pooling. In the 

imputation phase, m copies of the dataset are created, with the missing values replaced by imputed values 

using an appropriate model. Rubin suggested that m=5 should be sufficient to obtain valid inference [37]. 

Therefore, 5 copies were created in this study to reduce the sampling error due to imputations. The 

imputation process was carried out based on multiple imputation by chained equations (MICE). MICE is a 

practical approach to impute missing data for multiple variables based on a set of univariate imputation 

models [38]. The present study selected conditional models based on the type of variables. MICE allows 

the use of logistic and Poisson regression models to impute binary variables, such as rural residency, and 

count variables, such as chronic conditions. Moreover, ordered logistic and multinomial logistic regression 

models can impute ordered categorical variables such as the CESD-10 items, educational attainment, and 

self-rated health, and unordered categorical variables, such as smoking status. Multiple imputation should 

include variables associated with the probability of missing values [39]. The variables listed in Table 2 

were used in the imputation models. 

In the analysis phase, each of the 5 completed datasets was analyzed using a desired statistical method. 

The results obtained from 5 the completed datasets were combined into a single multiple-imputation result 



in the pooling phase. The single parameter estimate is calculated as the mean of the 𝑚 (= 5) parameter 

estimates of �̂�: 

𝑄 = 𝑚−1 ∑ �̂�𝑖𝑚
𝑖=1  

The estimated variance of this MI estimate is calculated based on Rubin’s rules as expressed below: 

𝑇 = 𝑈 + (1 + 1𝑚)𝐵 

where 𝑈 = 𝑚−1 ∑ 𝑈𝑖𝑚𝑖=1  is the estimated within imputation variance and 𝑈𝑖 is the estimated variance 

from imputed data. 𝐵 = (𝑚 − 1)−1 ∑ (�̂�𝑖 − 𝑄)2𝑚𝑖=1  is the between imputation variance [30]. 

Statistical analysis  

Depressive symptoms may be both an antecedent and a consequence of tobacco smoking [10]. Panel data, 

also referred to as longitudinal data in epidemiology, are a dataset in which observations of multiple 

subjects are collected over time. The benefit of panel data is that it is possible to control for the unknown or 

unmeasured determinants of depressive symptoms that are constant over time. Furthermore, since panel 

data cover repeated measures of tobacco smoking and depression symptoms, it is much easier to estimate 

whether changes in tobacco smoking precede changes in depressive symptoms or vice versa [40]. Based on 

a four-wave unbalanced panel dataset, the current study estimated the effect of tobacco smoking on 

depressive symptoms and used a logistic regression model. The logistic regression model built a latent 

regression and was defined as follows: 

𝑦𝑖𝑡∗ = 𝑥𝑖𝑡′ 𝛼 + 𝛽1𝐻𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡+𝛽2𝑀𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡 + 𝛽3𝐿𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡 + 𝛽4STsmoker𝑖𝑡 + 𝛽5MTsmoker𝑖𝑡
+ 𝛽6LTsmoker𝑖𝑡𝜇𝑖 + 𝜀𝑖𝑡 , 𝑖 = 1, … , 𝑛, 𝑡 = 1, … , 𝑇𝑖 



𝑦𝑖𝑡∗  is an unobserved latent variable linked to the observed binary response variable (with or without 

depressive symptoms). 𝑥𝑖𝑡′  is the vector of the demographic characteristics and health status of an 

individual. 𝐻𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡, 𝑀𝑠𝑚𝑜𝑘𝑒𝑟, 𝐿𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡, 𝑆𝑇𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡, 𝑀𝑇𝑠𝑚𝑜𝑘𝑒𝑟𝑖𝑡 , and LTsmoker𝑖𝑡  are 

dummy variables that were defined as heavy smokers, moderate smokers, light smokers, short-term 

quitters, moderate-term quitters, and long-term quitters. 𝜇𝑖 is the unobserved and individual-specific 

heterogeneity, and 𝜀𝑖𝑡 is a time-varying error term.  

A logistic regression model was performed to analyze the impact of tobacco smoking on depressive 

symptoms among middle-aged and older adults in China. The first step in the analysis, pooled logistic 

regression, was a starting point. After that, this study treated the data as a panel structure and made a choice 

between the fixed effects and random effects logistic model. In this study, a possible unobserved variable 

was attitudes toward smoking, which was correlated with the time-varying explanatory variables (tobacco 

smoking) in the model. With such correlated heterogeneity, a fixed effects logistic model should be 

preferred over a random effects logistic model; however, when estimating a fixed effects logistic model, 

many pieces of information are lost. A random effects logistic model was also presented in this study 

[40,41]. The results are presented as odds ratios (ORs) along with 95% confidence intervals (CIs). All 

statistical analyses were conducted employing the Stata 15 statistical software package.  

Results 

A descriptive summary of all variables over time is displayed in Table 3. The total sample size was 74,381 

respondents, with 51.76% of the respondents being female and 32.61% aged 65 years or older. In addition, 

77.88% of the respondents reported living in rural areas, and approximately 34% of the respondents 

completed at least middle school. The proportions of respondents with depressive symptoms were 37.55% 



in Wave 1, 32.26% in Wave 2, 33.68% in Wave 3, and 38.50% in Wave 4, implying that the proportions of 

respondents with depressive symptoms first decreased and then increased. Approximately one in four 

respondents has been current smokers over the years, and the proportions of light, moderate, and heavy 

smokers were approximately 9%, 2%, and 14%, respectively. Moreover, approximately 10% of the 

respondents were former smokers from 2011 to 2018. Among former smokers, the proportions of short-

term, moderate-term, and long-term quitters were approximately 2%, 2%, and 6%, respectively. 

----------Table 3 about here--------- 

The results of the logistic regression analysis are shown in Table 4 as ORs. Column III of Table 4 

presents the effect of tobacco smoking on depressive symptoms using the fixed effects logistic model. The 

results revealed that smoking status was associated with depressive symptoms. Heavy smokers were 1.2 

times more likely to suffer from depressive symptoms than those who never smoked (OR=1.20; 95% CI: 

1.05, 1.37). Compared to those who never smoked, for short-term and moderate-term quitters, the odds of 

suffering from depressive symptoms increased 30% and 22%, respectively (OR=1.30; 95% CI: 1.04, 1.63, 

OR=1.22, 95% CI: 1.02, 1.47). In particular, long-term quitters had an increased likelihood of suffering 

from depressive symptoms than those who never smoked, but the difference was not statistically 

significant. The magnitudes of the ORs for the variables short-term quitters, moderate-term quitters, and 

long-term quitters decreased in absolute terms with increasing time-gaps since quitting. Therefore, among 

former smokers, the probability of suffering from depressive symptoms decreased with increasing duration 

of since quitting smoking. 

Irrespective of the estimation method, heavy smokers showed an increased probability of suffering 

from depressive symptoms compared to those who had never smoked. Short-term quitters showed an 



increased probability of suffering from depressive symptoms compared to those who had never smoked 

(see Columns I-III of Table 4). 

----------Table 4 about here--------- 

Discussion  

To the best of our knowledge, this is the first research study that examined the effect of tobacco smoking 

on depressive symptoms among individuals aged 45 years or older in China using a nationally 

representative survey with a multiple imputation technique. The results indicated that among Chinese 

middle-aged and older adults, heavy smokers and short-term and moderate-term quitters were more likely 

to have depressive symptoms than those who never smoked after controlling for other relevant variables. 

Our findings are consistent with the findings for European middle-aged and older adults [16] and American 

middle-aged adults [17]. Therefore, local communities and primary care facilities should consider 

promoting health education programs for middle-aged and older smokers and improving their 

understanding of the hazards of tobacco smoking. 

This type of analysis, however, does not identify pathways between tobacco smoking and depressive 

symptoms. One possible explanation is that smoking or chewing tobacco releases nicotine affecting an 

individual’s neurocircuitry, which increases their susceptibility to depression [13,15]. Another possible 

explanation is from a self-medication model, suggesting that smokers use nicotine to alleviate depressed 

mood [9,18,42]. 

This study found that short-term and moderate-term quitters were more likely to have depressive 

symptoms than those who never smoked regardless of the time elapsed since quitting, but the likelihood of 

having depressive symptoms declined with increasing time gaps since stopping smoking. Although the 



causality between smoking cessation and depression cannot be established without a longitudinal follow-up 

design, the decline in the prevalence of depressive symptoms after one year of quitting implies that smoking 

cessation and depressive symptoms are related. These results are comparable to other findings in the literature 

[43-45]. In this study, former smokers reported that the probability of having depressive symptoms decreased 

with a longer duration since quitting, and hence, the earlier a smoker stops smoking, the greater the impact 

of smoking cessation on not being depressed. In other words, smoking cessation is an effective way to reduce 

middle-aged and older adults’ risk of depression. Therefore, the government should consider allocating more 

resources to smoking cessation programs to help adults and adolescent smokers quit as early as possible 

and/or to remain nonsmokers. It is also essential to tailor smoking cessation programs for middle-aged and 

older adults and help them quit smoking and prevent relapse.  

Extensive health-related surveys, such as the CHARLS, provide numerous data regarding health-

related behaviors and health outcomes. However, almost every analysis faces the annoying problem of 

missing data. Multiple imputation recovers a fully observed sample size. More importantly, multiple 

imputation restores the natural variability of the missing values. Recovering information and restoring 

variability may reduce bias or increase precision, which results in a valid statistical inference from multiple 

imputation [28,46]. It will be essential to employ multiple imputation in future analyses, when survey items 

on smoking status and depressive symptoms have a large number of missing values. 

Although the current study employs a national survey with multiple imputation to analyze the effect of 

smoking status on depressive symptoms in Chinese middle-aged and older adults, several limitations 

should be emphasized. First, since the CESD-10 is a self-reported screening instrument for symptoms of 

depression and not a diagnostic tool, our analysis may have resulted in an underestimation of the 



association between tobacco smoking and depressive symptoms. Second, the data were obtained via 

surveys, and thus the limitations of all self-reported data exist, such as recall bias and the unreliability of 

responses when respondents are under pressure. Third, when the respondents’ unchanging depressive 

symptoms across all four waves did not contribute to the likelihood, the results of the fixed effects model 

could be less precise and have larger standard errors. 

Conclusions  

The purpose of this study was to empirically ascertain the effect of tobacco smoking on depressive symptoms 

among individuals aged 45 years or older in China using multiple imputed datasets. The empirical findings 

suggest that among Chinese middle-aged and older adults, heavy smokers, and short-term and moderate-term 

quitters were more likely to have depressive symptoms than those who never smoked. Moreover, former 

smokers reported that the probability of having depressive symptoms decreased with a longer duration since 

quitting. These results may have important implications that support the government in allocating more 

resources to smoking cessation programs to help middle-aged and older smokers. 
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Table 1 Frequencies and percentages of missing values for the measured variables 

Variables  Complete 
Response, 

N 

Complete 

% 

Missing 
Response,  

N 

Missing 

% 

Depressive symptoms     

CESD-10-01 67,454 89.64 7,798 10.36 

CESD-10-02 66,661 88.58 8,591 11.42 

CESD-10-03 67,362 89.52 7,890 10.48 

CESD-10-04 67,413 89.58 7,839 10.42 

CESD-10-05 65,694 87.30 9,558 12.70 

CESD-10-06 68,008 90.37 7,244 9.63 

CESD-10-07 68,081 90.47 7,171 9.53 

CESD-10-08 67,726 90.00 7,526 10.00 

CESD-10-09 67,704 89.97 7,548 10.03 

CESD-10-10 67,376 89.53 7,876 10.47 

Smoking status 66,228 88.01 9,024 11.99 

Sex 75,203 99.93 49 0.07 

Age 74,830 99.44 422 0.56 

Educational attainment 73,461 97.62 1,791 2.38 

Marital status 75,145 99.86 107 0.14 

Rural residency 72,725 96.64 2,527 3.36 

Self-rated health 72,089 95.80 3,163 4.20 

Functional limitations 74,781 99.37 471 0.63 

Chronic conditions 72,614 96.49 2,638 3.51 

Drinking 74,607 99.14 645 0.86 

Note: ‘Don’t know’, ‘Refused’ and ‘Blank’ equal missing. 

 

 

 

 

 

 

 

 



Table 2: Definitions of the covariates used in the empirical models 

Variable Description 

Sex 1 if the individual was male; 0 for females 

Age  Continuous variable, actual age in years 

Educational attainment  

Illiteracy 1 if the individual was illiterate; 0 if otherwise 

Elementary school 1 if the individual attended elementary school; 0 if otherwise 

Middle school 1 if the individual graduated from middle school; 0 if otherwise 

High school 1 if the individual graduated from high school; 0 if otherwise 

Above three-year of 

college 

1 if the individual graduated from an above three-year college; 0 if otherwise 

Marital status  

Never married 1 if the individual was never married; 0 if otherwise 

Married 1 if the individual was married; 0 if otherwise 

Separated or divorced 1 if the individual was separated or divorced; 0 if otherwise 

Widowed 1 if the individual was widowed; 0 if otherwise 

Rural residency 1 if the individual was rural resident; 0 if otherwise 

Self-rated health   

Poor 1 if the individual reported their health status to be poor or very poor; 0 if 

otherwise 

Fair 1 if the individual reported their health status to be fair; 0 if otherwise 

Good 1 if the individual reported their health status to be good or very good; 0 if 

otherwise 

Functionally limitations  

None 1 if the individual could eat, toilet, dress, bathe/shower, get in/out of bed, 

and walk without difficulty; 0 if otherwise 

Mild 1 if the individual had one or two difficulties in eating, toileting, dressing, 

bathing/showering, getting in/out of bed, or walking; 0 if otherwise 

Moderate 1 if the individual had three or four difficulties in eating, toileting, dressing, 

bathing/showering, getting in/out of bed, or walking; 0 if otherwise 

Severe 1 if the individual had five to six difficulties in eating, toileting, dressing, 

bathing/showering, getting in/out of bed, or walking; 0 if otherwise 

Chronic conditions  The number of chronic conditions diagnosed by a doctor. 

Drinking  1 if the individual drank at least once a month; 0 if otherwise 

 

 

 

 



 

Table 3 Description of variables in three waves (percentage) 

Variable Wave1 
(2011) 
N=17,108 

Wave2 
(2013) 
N=17,940 

Wave3 
(2015) 
N=19,832 

Wave4 
(2018) 
N=19,501 

All waves 

N=74,381  

Depressive symptoms       

Yes 37.55 32.26 33.68 38.50 35.49 

No 62.45 67.74 66.32 61.50 64.51 

Smoking status      

Never smoked 64.20 67.50 60.50 60.19 62.96 

Short-term quitters  2.17 2.10 1.46 3.33 2.27 

Moderate-term quitters 2.51 1.55 1.45 4.30 2.46 

Long-term quitters 5.23 5.63 5.90 8.12 6.26 

Light smokers  8.65 8.95 11.17 8.34 9.31 

Moderate smokers 1.57 1.61 2.46 1.88 1.90 

Heavy smokers  15.67 12.66 17.06 13.84 14.84 

Sex       

Male 48.68 48.31 48.47 47.56 48.24 

Female 51.32 51.69 51.53 52.44 51.76 

Age       

45-64 years 72.48 69.37 67.49 60.99 67.39 

65-84 years 26.34 29.16 30.96 36.89 31.02 

≥85 years 1.18 1.47 1.55 2.12 1.59 

Educational 
attainment 

     

Illiterate  27.42 26.68 24.88 22.78 25.35 

Elementary school 39.16 39.43 40.44 42.78 40.51 

Middle school 20.67 20.85 21.48 21.80 21.23 

High school 10.31 10.64 10.49 10.51 10.49 

Above three-year 
college 

2.44 2.40 2.71 2.13 2.42 

Marital status      

Never married 0.89 0.85 0.78 0.61 0.78 

Married 87.08 86.78 86.40 85.03 86.29 

Separated or divorced 1.32 1.20 1.22 1.58 1.33 

Widowed 10.71 11.17 11.60 12.78 11.60 

Rural residency      

Yes  77.48 76.57 78.02 79.28 77.88 

No  22.52 23.43 21.98 20.72 22.12 



Self-rated health      

Poor 29.71 27.21 25.73 26.60 27.23 

Fair 46.54 49.11 50.30 48.67 48.72 

Good 23.75 23.68 23.97 24.73 24.05 

Functional limitations      

None 83.38 82.48 80.43 81.45 81.87 

Mild 11.38 12.74 14.00 12.52 12.71 

Moderate 3.27 3.24 3.67 3.76 3.50 

Severe 1.97 1.54 1.90 2.27 1.92 

Chronic conditions       

Yes  67.26 66.96 61.45 79.35 68.81 

No  32.74 33.04 38.55 20.65 31.19 

Drinking       

Yes 33.26 34.61 35.48 33.76 34.31 

No 66.74 65.39 64.52 66.24 65.69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 4 Logistic regression analysis of depressive symptoms  

 Pooled logistic  Random effects logistic  Fixed effects logistic 

 (I)  

ORs (95% CI) 
(II)  

ORs (95% CI) 
(III)  

ORs (95% CI) 
Smoking status    

Never smoked (ref.) 1.00 1.00 1.00 

Short-term quitters  1.12 (0.97-1.28) 1.19 (1.01-1.40) 1.30 (1.04-1.63) 
Moderate-term quitters 1.05 (0.93-1.19) 1.11 (0.95-1.29) 1.22 (1.02-1.47) 
Long-term quitters 0.93 (0.82-1.05) 0.95 (0.82-1.10) 1.05 (0.88-1.26) 
Light smokers  1.14 (1.04-1.26) 1.17 (1.04-1.30) 1.10 (0.96-1.27) 
Moderate smokers 1.03 (0.88-1.21) 1.06 (0.89-1.27) 1.04 (0.83-1.29) 
Heavy smokers  1.14 (1.06-1.23) 1.20 (1.09-1.31) 1.20 (1.05-1.37) 
Sex     

Male 0.61 (0.57-0.66) 0.54 (0.49-0.59) 0.88 (0.54-1.43) 
Female (ref.) 1.00 1.00 1.00 

Age 0.99 (0.98-0.99) 0.99 (0.98-0.99) 1.01 (1.00-1.02) 
Educational attainment    

Illiteracy (ref.) 1.00 1.00 1.00 

Elementary school 0.93 (0.88-0.98) 0.92 (0.86-0.98) 1.11 (0.96-1.28) 
Middle school 0.70 (0.66-0.75) 0.65 (0.60-0.71) 0.98 (0.78-1.25) 
High school 0.59 (0.54-0.65) 0.51 (0.46-0.57) 0.82 (0.59-1.13) 
Above three-year 
college 

0.53 (0.44-0.64) 0.45 (0.36-0.55) 0.89 (0.50-1.60) 

Marital status    

Never married (ref.) 1.00 1.00 1.00 

Married 0.64 (0.51-0.80) 0.57 (0.43-0.76) 1.17 (0.50-2.78) 
Separated or divorced 1.23 (0.94-1.61) 1.26 (0.90-1.76) 1.90 (0.78-4.64) 
Widowed 0.92 (0.73-1.16) 0.91 (0.68-1.21) 1.96 (0.84-4.54) 
Rural residency    

Yes  1.52 (1.43-1.61) 1.67 (1.55-1.79) 1.08 (0.88-1.32) 
No (ref.) 1.00 1.00 1.00 

Self-rated health    

Poor (ref.) 1.00 1.00 1.00 

Fair 0.42 (0.40-0.44) 0.37 (0.35-0.39) 0.52 (0.48-0.55) 
Good 0.21 (0.20-0.22) 0.18 (0.16-0.19) 0.35 (0.32-0.38) 
Functional limitations    

None (ref.) 1.00 1.00 1.00 

Mild 2.07 (1.96-2.18) 2.24 (2.10-2.39) 1.61 (1.49-1.74) 



Moderate 3.63 (3.16-4.18) 4.49 (3.77-5.33) 2.91 (2.38-3.55) 
Severe 4.98 (4.14-5.99) 7.28 (5.75-9.22) 4.97 (3.54-6.99) 
Chronic conditions     

Yes  1.15 (1.14-1.17) 1.20 (1.18-1.22) 1.09 (1.06-1.13) 
No (ref.) 1.00 1.00 1.00 

Drinking     

Yes 1.01 (0.97-1.06) 1.01 (0.95-1.06) 1.02 (0.94-1.11) 
No (ref.) 1.00 1.00 1.00 

Observations 74,381 74,381 35,466 

Bold indicates statistical significance, p<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


