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Research on the association between level of depression and coronary heart disease (CHD), stroke risk, and all-cause and cardiovascular mortality is lacking in large-scale or population-based studies incorporating cardiovascular disease (CVD) endpoints. We aim to assess the relationship between the level of a person's depression and their risk of CHD, stroke, and all-cause and cardiovascular mortality. Utilizing data from the United States National Health and Nutrition Examination Survey (NHANES), multicycle cross-sectional design and mortality linkage studies were conducted. The study sample included 30918 participants aged 20–85 years old during the 2005–2018 period. Depression was assessed using the nine-item Patient Health Questionnaire (PHQ-9), with scores of 5, 10, 15, and 20 being the cut-off points for mild, moderate, moderately severe, and severe depression, respectively. A series of weighted logistic regression analyses and Cox proportional hazards models were utilized to examine the relationship between the level of depression with the risk of CHD, stroke, all-cause, and cardiovascular mortality. Trend analyses were conducted by entering the level of depression as a continuous variable and rerunning the corresponding regression models. Weighted logistic regression models consistently indicated a statistically significant association between the level of depression and increased risk of CHD and stroke, and those linear trend tests were statistically significant (P for trend < 0.001). Furthermore, weighted Cox regression analyses consistently indicated that participants who had a more severe degree of depression were at a higher risk of all-cause death, and trend analyses suggested similar results (P for trend < 0.001). Another weighted Cox regression analysis also consistently indicated that except for severe depression, the hazard of cardiovascular death was increased with each additional level increase of depression. Our study confirmed that the level of depression was strongly associated with CHD, stroke, and all-cause and cardiovascular mortality, even after accounting for other factors that could impact risk, including variables of age, gender, ethnicity, income, education, body mass index (BMI), marital, and smoking status.
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Introduction

According to the World Health Organization (WHO), depression was ranked as the single largest contributor to global disability and non-fatal health loss; current estimates are that approximately 4.4% of the population worldwide, that is to say, about 264 million people, suffers from depressive disorder—a chronic and recurrent condition—imposing a significant extra burden on public health (1).

Cardiovascular diseases often co-occur with depression (2–4), and the two are projected to be the top two leading contributors to the global disease burden by 2030 (5). In particular, CHD was also the main cause of global morbidity and mortality, being responsible for roughly one-third of all deaths for people aged over 35 years worldwide (6).

Cardiovascular diseases were influenced by and associated with a variety of aspects of health and wellbeing, especially mental health. A recent study has reported that depression symptom history may be a predictor or marker of cardiometabolic risk over decades (7). Thus, by understanding the impact of the link, doctors can improve a patient's overall health by addressing both mental health and heart disease together. Several prior research studies have examined the relationship between depression and CVDs from two perspectives: depression's impact on CVDs and depression as a risk factor for poor prognosis among patients with CVDs (3, 8–12).

To date, studies have demonstrated that depression is a leading contributor to an elevated risk of morbidity and mortality for CVDs, such as CHD and stroke (9, 13–15). However, until recently, research on the association between the level of depression and CHD, stroke risk, and all-cause and cardiovascular mortality are nevertheless lacking in large-scale or population-based studies incorporating CVD endpoints.

We hypothesized that the severity of a person's depression may elevate their risk of CHD, stroke, and mortality. Thus, to test our hypothesis, multicycle cross-sectional design and mortality linkage studies were conducted to assess the relationship between the level of depression and CHD, stroke risk, and mortality, utilizing data from the NHANES.



Materials and methods


Database

Data were collected from the multiple cycles of the United States cross-sectional Continuous NHANES from 2005 to 2018. Moreover, the National Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention (CDC) (16) provided NHANES public-use linked mortality follow-up files until 31 December 2019, and it has linked several population surveys to death certificate records from the National Death Index (NDI) (17).

The NHANES uses a complex, stratified multistage, probability cluster design to produce a nationally representative survey of the health and nutritional status of the non-institutionalized civilian population in the United States, with full details provided in the NHANES survey methods and analytic guidelines (18). Information on nutritional health and the status of non-institutionalized civilians of the United States population is gathered through a series of home interviews, examinations, and laboratory measurements.



Study population

The original sample is comprised of seven successive cycles collected in 2-year increments from 2005 to 2018 of the continuous NHANES. The inclusion criteria were as follows: participants from the 2005 to 2018 annual NHANES cycles aged 20–85 years at the time when NHANES data were collected where there was accessible data on CHD and stroke status and where the participant depression questionnaire data were included in the analysis.



Data collection

This is a prospective cohort study. Information on demographics, comorbidities, and body measurements was collected. Demographic and comorbidities data were recorded in a home interview by household questionnaire. Standardized body measurements (e.g., BMI) and the questions from the PHQ-9 were provided by trained field health technicians for all examinees in the mobile examination center (MEC).



Laboratory tests

On the Modular Chemistry side of the DxC800, the concentration of blood glucose and 2-h oral glucose tolerance test (OGTT) blood glucose in biological fluids were determined by the oxygen rate method by employing a Beckman Oxygen electrode (glucose oxidase method). A precise volume of sample was introduced in a reaction cup containing an electrode that responds to oxygen concentrations. Electronic circuits determined the rate of oxygen consumption, which was directly proportional to the concentration of glucose in the sample.

Hemoglobin A1c (HbA1c) was measured in whole blood at the University of Missouri-Columbia using the Primus CLC 330 and Primus CLC 385 instruments (Primus Corporation, Kansas City, Missouri, USA) for the high-performance chromatography.

These laboratory procedure manuals were available on the NHANES website (18).



Primary study variables
 
Assessment of CHD and stroke

Participants who answered “yes” to the question “has a doctor or other health professional ever told you that you had CHD/stroke?” on the medical conditions section of the household questionnaire through home interview were considered to have CHD/stroke.




Independent variable
 
Assessment of depressive symptoms

The PHQ-9 represents a nine-item instrument for screening depression. And the instrument incorporates the Diagnostic and Statistical Manual (DSM)-IV depression diagnostic criteria (19).

Depression was measured using PHQ-9, a continuum scale of severity from minimal to severe, with scores of 5, 10, 15, and 20 being the cut-off points for mild, moderate, moderately severe, and severe depression, respectively. Those with PHQ-9 total scores ≥10 were considered as having clinically relevant depression (19, 20), which corresponded with moderate to severe depression symptoms.




Covariates and confounders

A number of potential confounding variables were taken into consideration. Age was split into groups: 20–30, 31–40, 41–50, 51–60, 61–70, 71–80, and 81–85 years old. Gender was divided into male and female participants. Ethnicity was classified as White, Black, Mexican, and other races. The classification of marital status included married, living with partner, separated, divorced, widowed, and never married. Educational level was categorized as college graduate or above, some college or AA degree, high school graduate, 9–11th grade, and less than ninth grade.

The poverty income ratio (PIR) was used to measure income, which was calculated by dividing family income by the poverty guidelines, specific to family size, as well as the appropriate year and state. The values were not computed if the income screener information [income questionnaire (INQ) 220: < $20,000 or ≥ $20,000] was the only family income information reported. If family income was reported as a range value, the midpoint of the range was used to compute the variable. Values at or above 5.00 were coded as 5.00 or more due to disclosure concerns. There were five distinct categories of PIR: poor (i.e., <1.0), nearly poor (i.e., 1.0–1.9), middle income (i.e., 2.0–3.9), high income (i.e., ≥4.0), and unknown (not acquired).

Smoking status was categorized as former, current, or never. BMI was divided into four categories according to the CDC classification for adults 20 years old and older: low (<18.5 kg/m2), normal (18.5–25 kg/m2), and overweight (≥25 kg/m2) (21).



History of CVDs, cancer, or malignancy

Information on past medical history was self-reported by participants. Regarding the question “Have you ever been told by a doctor or health professional that you had CHD/angina, also called angina pectoris/heart attack (also called myocardial infarction)/stroke/congestive heart failure (CHF)/cancer or a malignancy of any kind?”, persons who answered “yes” were perceived as having a history of CVDs, cancer, or malignancy.



Other comorbid conditions

Information on comorbidities was self-reported by participants. Regarding the question “Have you ever been told by a doctor or health professional that you have …?”, persons who answered “yes” were perceived as having the following comorbidities: hypertension, CHF, angina/angina pectoris, arthritis, and hyperlipidemia.

Other than that, Parkinson's disease was diagnosed by taking anti-Parkinson agents, and the diagnostic criteria for diabetes were as follows: doctor-diagnosed diabetes; glycohemoglobin HbA1c (%) > 6.5; random blood glucose (mmol/l) ≥ 11.1; 2-h OGTT blood glucose (mmol/l) ≥ 11.1; and use of diabetes medication or insulin.



Follow-up

The period of follow-up was from the date of the interview to the last follow-up time, 31 December 2019, or the date of death. Causes of death for these included participants were documented in death certificate records from the NDI.



Outcomes

The endpoints for this study were all-cause and cardiovascular mortality. All-cause mortality encompassed all known and unknown causes, whereas cardiovascular mortality was defined using the International Classification of Diseases coding (ICD-9 and ICD-10), including the death from diseases of the heart (I00–I09, I11, I13, I20–I51) and cerebrovascular diseases (I60–I69).



Statistical analysis

R software (version 4.1.2, https://www.R-project.org) was utilized to conduct statistical analysis.

In the original NHANES surveys, responses coded as “missing,” “refused,” or “do not know” were treated as missing. Participants with missing data in one of the primary study covariates mentioned above or without mortality information were not included for further analysis.

Weighted proportions of descriptive statistics were employed to summarize the characteristics of the study sample; the design-based χ2-test was used to examine the associations of categorical variables with depression.

A subgroup analysis was conducted to investigate whether the association between CHD, stroke, and depression varied across different subgroups of study covariates and comorbid conditions, separately. We examined the interaction effects of CHD and stroke with PHQ-9 score in several participant subgroups (gender, age grouping, ethnicity, marital status, educational level, PIR grouping, smoking status, BMI grouping), and the P-value for interaction was determined by the Wald test.

After univariate analysis and referring to previous studies and related literature (22–26), weighted logistic regression analyses were conducted to assess the association of CHD and stroke with the severity of depression in three models to control for potential confounding variables. Model 1 was the unadjusted model; model 2 included the level of depression, age, gender, and ethnicity; and model 3 adjusted for age, gender, ethnicity, marital status, family PIR, education, smoking status, and BMI. Crude and adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) between CHD, stroke, and depression severity were presented.

Likewise, after excluding the participants with CVDs, cancer, or malignancy at baseline, a series of weighted Cox regression analyses was performed to estimate the relationships between the level of depression and risk of having all-cause and cardiovascular mortality, respectively, after adjusting for potential confounders in three models. Model 1 only included the level of depression, and no covariates were adjusted. Model 2 adjusted for age, gender, and ethnicity. Model 3 was further adjusted for marital status, family PIR, education, smoking status, and BMI. Crude and adjusted hazard ratios (HR) and their 95% CI between the level of depression and outcomes were presented.

We determined the first level of depression—no/minimal depression, which corresponded with the PHQ-9 scores ranging from 0 to 5, as the reference group. Trend analyses were conducted by entering the level of depression as a continuous variable and rerunning the corresponding regression models.

In all analyses, the complexity of the sampling design was taken into consideration by specifying primary sampling units (PSUs), strata, and weights using the R package “survey” (version 4.1-1). A good rule of thumb is to use “the least common denominator” where the variable of interest that was collected on the smallest number of respondents is the “least common denominator”. That is to say, we must use the weight of the smallest subpopulation that includes all the variables we want to include in our analysis. Reviewing the documentation file for each component included in our analysis, we used MEC exam weights to generate nationally representative estimates (27–29). To account for multiple testing, the method of Benjamini–Hochberg was used to correct the false discovery rate (FDR), and a two-sided FDR-adjusted P-value (i.e., q-value) <0.05, corresponding to an FDR of 5%, was deemed statistically significant for testing the study's hypotheses.




Results


Sample characteristics

A total of 34,079 NHANES participants aged 20–85 years old during the 2005–2018 period were interviewed. The 3,161 (9.28%) participants with missing data, and the final analysis unweighted sample consisted of 30,918 participants, representing 189.00 million non-institutionalized residents of the United States. Of those, 2,700 people (weighted proportion of 7.59%) reported symptoms of depression from moderate to severe, 1,231 people (weighted proportion of 3.39%) reported CHD, and 1,149 people (weighted proportion of 2.80%) reported stroke. These translated to 14.34 million, 6.41 million, and 5.28 million adults in the general population, respectively.

The sociodemographic and clinical characteristics among the weighted population are shown in Table 1. Of note, depression was especially prevalent among those who were Black, female participants, in the 41–60 age bracket, from disadvantaged socio-economic backgrounds (marital status other than married, lower levels of education, lower family income, etc.), current smokers, extremely obese, and those who were more likely to be comorbid with CHD, stroke, hypertension, CHF, angina, heart attack, arthritis, CKD, COPD, diabetes, hyperlipidemia, and Parkinson's disease compared to the non-depression group.


TABLE 1 Baseline characteristics of study participantsa.
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Subgroup analyses

Figures 1, 2 shows the results of subgroup analysis using univariable weighted logistic regression analyses.


[image: Figure 1]
FIGURE 1
 The association between depression and coronary heart disease risk in each subgroups. OR, odds ratio; CI, confidence interval.
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FIGURE 2
 The association between depression and stroke risk in each subgroups. OR, odds ratio; CI, confidence interval.


Subgroup analysis revealed an increased risk of CHD (OR = 1.58; 95% CI = 1.22 to 2.06) and stroke (OR = 3.04; 95% CI = 3.44 to 3.78) associated with depression in overall participants. Specifically, an increased risk of CHD was associated with depression in female participants, every ethnic group, and among participants of the age ranges 20–30, 31–40, 51–60, or 61–70. Besides, we also observed an increased risk of CHD associated with depression in participants whose marital status was married, widowed, or never married, whose education level was some college or AA degree, whose family PIR was nearly poor or poor, whose smoking status was never or current, and whose BMI was categorized as overweight.

Moreover, an increased risk of stroke was associated with depression within each gender, ethnicity, family PIR, smoking status, and among participants aged range from 31 to 85. Besides, we found that stroke risk was not associated with depression, among participants whose education level was college graduate or above, whose marital status was widowed, or whose BMI was categorized as low.

In subgroup analyses (Figures 1, 2), statistically significant interactions were not observed between depression and any study covariates in relation to CHD (all P for interaction > 0.05), but statistically significant interactions were noted between depression and age, marital status, and education level in relation to stroke (P for interaction = 0.013, 0.003, 0.035, respectively) despite the lack of interaction for other variables.



The association of depression level with CHD, stroke risk

Results of weighted logistic regression analyses of depression severity in relation to the risk of CHD and stroke are shown in Table 2. There was a statistically significant association between depression severity and increased risk of CHD and stroke in models 1, 2, and 3, and those linear trend tests were all statistically significant (all P for trend < 0.001). For example, the result in model 3 showed that the risk of having CHD increased by 38, 120, 84, and 275% for mild, moderate, moderately severe, or severe depression, respectively, compared to no/minimal depression. Similarly, weighted logistic regression model 3 indicated that each additional level increase in the severity of depression raised the risks of stroke by 79, 137, 236, and 437%, respectively after adjustment for covariates.


TABLE 2 Crude and adjusted association between depression level and increased coronary heart disease and stroke risk.
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Cause-specific mortality analyses

The leading causes of death in different depression severity groups are shown in Table 3. Among them, cardiovascular mortality rates were 1.91, 2.46, 2.78, 2.94, and 1.05% for no/minimal, mild, moderate, moderately severe, or severe depression, respectively. Moreover, the prevalence of all-cause mortality was 6.62, 8.60, 9.48, 10.77, and 10.42% for no/minimal, mild, moderate, moderately severe, and severe depression, respectively.


TABLE 3 The weighted percentages of leading causes of death in different depression severity groups.
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Survival analysis

All the participants were followed up after the home interview. After excluding the participants with CVDs, cancer, or malignancy at baseline in the survival analyses, the median follow-up time in the population-based cohort was 92.00 months (interquartile range: 52–132 months).

The weighted Cox regression analysis results are shown in Tables 4, 5, performed to estimate the relationships between the severity of depression and their risk of having all-cause and cardiovascular mortality, respectively.


TABLE 4 Crude and adjusted association between depression level and all-cause mortality.
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TABLE 5 Crude and adjusted association between depression level and cardiovascular mortality.
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The results from a series of weighted Cox regression analyses in Table 4 consistently indicated that participants with a more severe degree of depression were at a higher risk of all-cause death. For instance, weighted multivariable Cox proportional hazard model 3 indicated that each additional level increase in the severity of depression raised the risks of all-cause death by 38, 41, 95, and 108%, respectively, after adjustment for covariates. Trend analyses were all statistically significant (all P for trend < 0.001).

However, a series of weighted Cox regression analysis results in Table 5 consistently suggests that with the exception of severe depression, the hazard of cardiovascular mortality increased with each additional level increase of depression. Using weighted multivariable Cox proportional hazard model 3 as an example, compared to no/minimal depression, the risks of cardiovascular death were increased by 49, 68, and 137% for mild, moderate, and moderately severe depression, respectively, after multivariable adjustment.

Moreover, the unadjusted survival curves of weighted Cox proportional hazards models for all-cause and cardiovascular mortality (Figures 3, 4) were consistent with the aforementioned findings.


[image: Figure 3]
FIGURE 3
 Unadjusted survival curves of weighted cox proportional hazard model for all-cause mortality. PHQ-9, nine-item Patient Health Questionnaire.



[image: Figure 4]
FIGURE 4
 Unadjusted survival curves of weighted cox proportional hazard model for cardiovascular mortality. PHQ-9, nine-item Patient Health Questionnaire.





Discussion

In our study, performed on a nationally representative cohort of the United States population, we found that the level of depression was independently associated with higher risk of having CHD, stroke, and all-cause and cardiovascular mortality.

Cardiovascular diseases are often comorbid with depression. Cohen et al. reported that 20% of patients with CVDs had moderate to severe depression, and another 20% of patients with CVDs had mild to moderate depression, which is approximately two to three times the rate of the general population (30). In addition, a meta-analysis with a median follow-up of 8.4 years revealed that the cumulative incidence of CVDs in patients with severe mental illness (SMI) was 3.6% (95% CI = 2.7% to 5.3%), which was significantly higher than in people without SMI (HR = 1.78; 95% CI = 1.60 to 1.80); compared to the control group, patients with depression had 1.72 times the risk of CVDs after controlling for confounding variables (31).

The mechanisms underlying the common dual comorbidities of depression and CVDs were complex, and current research suggested that depression and CVDs may be linked by biological and behavioral mechanisms, including via metabolic syndrome—which is prevalent in depression, type 2 diabetes, increased visceral adipose thickness, changes in cortisol levels due to the dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis and unhealthy lifestyle habits (smoking, poor diet, lack of exercise, etc.) (32–37). Moreover, in recent years, studies also reported that cardiovascular traits such as blood pressure and arterial stiffness were influenced by and associated with depression (38, 39). Of note is a recent study by Mutz et al., which reported that depression resulted in a 1 mmHg lower systolic blood pressure (SBP) at age 45 and a 2.5 mmHg lower SBP at age 65 in male participants (38). However, it was also worth noting that the mean values of SBP in male participants were all near 140 mmHg, whether in healthy control or depression case in that study. In this context, the effect of such a small SBP difference on the coronary arteries was negligible in male participants. Thus, the present study is not in contradiction with the Mutz et al. study. In addition, studies have shown that these two diseases may be driven by a common genetic susceptibility, and each disease increased the risk of the other (40).

Previous studies had demonstrated that depression was identified as a risk factor for CVDs (41), while the association between specific severity of depression and CHD, stroke risk as well as mortality is still unknown. For this reason, further research was undertaken in this study, and we found out that with each additional level increase of depression, the implications of such an increase in the risk of having CHD, stroke, and mortality were vast.

Therefore, by understanding the relationship and degree of impact, we can properly identify, prevent, and treat CVDs, and we will be able to create policies and strategies to help decrease CVDs and improve lives by tackling mental health. This emphasizes the importance of regular screening for cardiovascular risk factors in patients with depression.

Interestingly, we also observed that participants with higher depression levels had a higher risk of all-cause mortality; a previous study showed that the mortality for depression patients with concomitant CVD whose depression was well-treated, treatment-resistance, and under-treated were 2.4, 5, and 6.9%, respectively (42, 43). These findings suggested that enhanced depression treatment reduces the risk of death.

In analyses of the association between depression level and cardiovascular death, we found that the hazard of cardiovascular death was the lowest in the severe depression group. This phenomenon may be explained by the result of the death cause analysis in our study. We found that the leading cause in this group was all other causes (residual) (5.03%) followed by accidents (unintentional injuries) (1.79%), malignant neoplasms (1.25%), and heart diseases (1.05%).

In summary, patients with depression may need early and/or more primary prevention efforts for CVDs to reduce their excessive CVDs burden. For clinicians, this means a need for effective collaboration with primary care clinicians and cardiologists. Early treatment is more likely to modify the risk factor in the progression of cardiac disease than to reverse these risk factors after the first heart attack (36).

Systematic monitoring of depression was particularly beneficial in cases where physical illness overlaps with depressive symptoms (44). Serial assessment of depressive symptoms with the PHQ-9 or similar methods can improve the efficiency of antidepressant treatment. It also documents the relationship between depressive symptoms and specific physiological indicators of CVDs (45).

It follows then that the first limitation in our study is that PHQ-9 was measured only once and was not followed up for subsequent changes in depression level, cumulative depression burden, incident depression, or time-varying associations with outcomes.

Second, some measures in this study, including the diagnosis of CHD, stroke, and any symptoms of depression in PHQ-9, were self-reported by the participants, which may have introduced recall bias to the associations.

Third, the NHANES program suspended field operations in March 2020 due to the coronavirus disease 2019 (COVID-19) pandemic. As a result, data collection for the NHANES 2019–2020 cycle was not completed and the collected data are not nationally representative, and the PHQ-9 information had not been included in the home interview since 2005, As a result, we only included participants from 2005 to 2018.

Fourth, the application of the competitive risk model in the survival analyses cannot be performed due to the complex, stratified multistage, probability cluster design of the NHANES survey.

Fifth, some of the covariates included as covariates in the multivariable-adjusted model (e.g., BMI) were likely on the causal pathway linking depression to cardiovascular outcomes. Therefore, interpretation of the present findings needs to also consider the risk of potential over adjustment bias.



Conclusion

In conclusion, our study confirmed that the level of depression was strongly associated with CHD, stroke, and all-cause and cardiovascular mortality, even after accounting for other factors that could impact risk, including variables of age, gender, ethnicity, income, education, BMI, marital, and smoking status.
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Gender (%) 0(0.00) <0.0001 <0.0001
Male 49.37 (47.20, 51.54) 50.29 (49.70, 50.89) 3526 (32.72, 37.80)
Female 50.63 (48.37, 52.89) 4971 (49.11, 50.30) 64.74 (62.20, 67.28)

Age (%) 0(0.00) <0.0001 <0.0001
[20,30] 19.88 (18.74,21.01) 19.95 (18.93,20.96) 1878 (16.18,21.37)
(31,40 1755 (16.64, 18.47) 1756 (16,84, 18.29) 1743 (1519, 19.67)
[41,50] 19.37 (18.15,20.60) 1923 (18.43,20.03) 2161 (19.29,23.93)
51, 60) 1876 (17.57, 19.95) 18.57 (17.78,19.36) 21.68 (19.36,24.00)
[61,70] 13.69 (12,75, 14.63) 1373 (13.04, 14.42) 13.09 (1116, 15.01)
[71,80) 10.34 (9.63, 11.05) 10.54 (9.95, 11.12) 7.30 (5.92,8.68)
81,85 041(0.30,051) 043(0.32,0.54) 0.12 (0.00,0.26)

Ethnicity (%) 0(0.00) <0.0001 <0.0001
White 68.72 (63.66, 73.78) 69.05(66.61,71.49) 63.74 (60.00, 67.49)
Black 1043 (9.37, 11.49) 10.23 (8.96, 11.51) 1339 (11.47,15.30)
Mexican 8.35(7.15,9.55) 8.38(7.08,9.67) 7.92 (6.05,9.80)
Other 12.50 (11.55, 13.45) 12.34 (11.24, 13.44) 14.95 (12.75,17.15)

Marital status (%) 19.(0.06) <0.0001 <0.0001
Married 55.85 (52.66, 59.05) 57.11 (55.81, 58.40) 36.65 (33.72,39.59)
Living with partner 8.20(7.57,8.82) 8.01(7.47,8.55) 11.06 (9.37, 12.75)
Separated 237 (215,2.59) 2.13(191,2.36) 5.96 (4.87,7.05)
Divorced 1041 (9.75, 11.06) 9.90 (9.41,10.40) 18.06 (16.25, 19.88)
Widowed 5.52(5.13,5.91) 540 (5.08,5.73) 7.34(5.96,8.71)
Never married 17.6 (16,68, 18.63) 1744 (16.35,18.53) 20,93 (18.79, 23.07)

Educational level (%) 26(0.08) <0.0001 <0.0001
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High school graduate 2327 (21.79,24.75) 23.00 (22.03,23.97) 2742 (24.90,29.95)
9-11th grade 1018 (9.32, 11.04) 9.72 (8.93,10.50) 17.31(15.28,19.34)
<9th Grade 4.98 (4,50, 5.47) 475 (4.27,5.22) 8.59(7.20,9.97)

Poverty income ratio (%) 0(0.00) <0.0001 <0.0001
High income 3517 (32.57,37.77) 3635 (34.60, 38.11) 17.12(14.45,19.78)
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Nearly poor 18.76 (17.65, 19.87) 18.22 (17.30, 19.14) 27.05(24.38,29.73)
Poor 12.52 (11,69, 13.35) 1153 (10.71,12.35) 27.56(24.89, 30.23)
Unknown 6.40 (5.84,6.97) 6.38 (5.84,6.92) 6.77 (5.41,8.14)

status (%) 17(0.05) <0.0001 <0.0001

Never 5465 (52.29, 57.01) 55.74 (54.62, 56.86) 37.95(34.77,41.13)
Former 25.16(23.54,26.77) 2538 (24.49, 26.26) 2176 (19.22,24.31)
Current 20.20(19.02,21.37) 18.88 (18.04,19.72) 4029 (37.21,43.36)

Body mass index (%) 335 (0.98) 0.003 0.003
Normal 27.98(26.50, 29.46) 2828 (27.33,29.24) 2330 (20.54, 26.06)
Overweight 7054 (67.30, 73.78) 7026 (69.24,71.28) 7477 (72.03,77.51)
Low 148 (1,30, 1.67) 146 (1.28,1.63) 193 (0.91,2.95)

CHD (%) 0(0.00) <0.001 0.005
No 9661 (92.48,100.74) 9672 (96.40,97.04) 9491 (93.63,96.18)
Yes 3.39(3.03,3.75) 3.28 (296, 3.60) 5.09 (3.82,637)

Hypertension (%) 0(0.00) <0.0001 <0.0001
No 61.95(59.08, 64.82) 62.62 (61.57, 63.67) 51.74(49.22, 54.26)
Yes 38.05(36.15, 39.95) 37.38 (36.33, 38.43) 48.26 (45.74,50.78)

CHE (%) 55(0.16) <0.0001 <0.0001
No 97.81(93.62,102.00) 98.01(97.81,9821) 94.69 (93.65,95.72)
Yes 2.19(1.97,2.42) 1.99 (1.79,2.19) 5.31 (4.28,6.35)

Angina (%) 71(0.21) <0.0001 <0.0001
No 97.84 (93.66,102.02) 98.02 (97.82,98.23) 95.05(93.86, 96.24)
Yes 2.16(1.93,2.39) 198(1.77,2.18) 495 (3.76,6.14)

Heart attack (%) 35(0.10) <0.0001 <0.0001
No 9671 (92.59, 100.84) 96.88 (96.61,97.16) 94.09 (92.95,95.23)
Yes 3.29/(2.97,3.60) 3.12(2:84,3.39) 591 (4.77,7.05)

Stroke (%) 36(0.11) <0.0001 <0.0001
No 97.20 (93.04, 101.37) 97.50 (97.28,97.71) 9276 (91.47,94.04)
Yes 2,80 (2.55,3.04) 2,50 (229,2.72) 7.24 (5.96,8.53)

Arthritis (%) 58(0.17) <0.0001 <0.0001
No 73.88 (70.69, 77.07) 75.02 (74.09, 75.95) 56.42 (53.80, 59.05)
Yes 2612 (24.57,27.67) 2498 (24.05,25.91) 43.58 (40.95, 46.20) 1686 (4.95)

CKD (%) <0.001 0.0008
No 85.93 (82.10,89.77) 8612 (85.50, 86.73) 83.14(81.36, 84.93)
Yes 1407 (13.29, 14.84) 1388 (13.27, 14.50) 1686 (15.07, 18.64)

CKD prognosis (%) 2001 (5.87) <0.0001 0.0005
Low risk 85.93 (82.10,89.77) 86.12 (85.50, 86.73) 83.14 (81.36, 84.93)
Moderate risk 10.21(9.59, 10.83) 10,14 (9.64, 10.63) 1131 (9.72,12.90)
High risk 254(232,277) 2.49 (227, 2.70) 3.40 (2.65,4.15)
Very high risk 131(120,1.43) 126(1.14,1.38) 215 (1.60,2.71)

Diabetes (%) 633(1.86) <0.0001 <0.0001
No 81.46 (77.84,85.08) 81.87 (81.14, 82.59) 7532 (73.35,77.28)
Diabetes 1338 (12,62, 14.13) 1297 (12,37, 13.58) 19.57 (17.75,21.40)
16T 5.16 (4.74,5.58) 5.16 (4.81,5.51) 5.1 (4.04,6.18)

Hyperlipidemia (%) 1(0.00) 00001 0.0001
No 29.30 (27.96, 30.63) 29.68 (28.71,30.64) 23.51(20.49,26.53)
Yes 7070 (67.29, 74.12) 7032 (69.36,71.29) 7649 (73.47,79.51)

Parkinson (%) 18 (0.05) <0.0001 0.0001
No 99.03 (94.81,103.25) 99.17 (99.02,99.32) 9691 (95.87,97.95)
Yes 0.97(0.80, 1.14) 0.83(0.68,098) 3.09 (2.05,4.13)

Data are expressed as weighted proportions (95% CI) for categorical variables and as weighted means (95% CI) for continuous variables.
CHD, coronary heart discase; CHE, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary discase; I
nine-item Patient Health Questionnaire.

3Two-sided P-values show result of univariate comparisons between depressed participants and participants who were not depressed. Al categorical variables were tested with the x2-test.

paired glucose tolerance; PHQ-9, the
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