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Objective: To prospectively examine the bidirectional relationship between depressive symptoms and type 2 di-
abetes mellitus (T2DM) among middle-aged and elderly Chinese.
Methods: Participantswere enrolled in 2011–2012 (Wave 1) and followed up in 2013–2014 (Wave 2) and 2015–
2016 (Wave 3) in the China Health and Retirement Longitudinal Study. Depressive symptomswere evaluated by
the Chinese language version of 10-item Center for Epidemiological Studies Depression Scale (CESD-10) at three
waves. T2DM was assessed by biochemical biomarkers at Wave 1 and reported physician-diagnosis at Wave 2
and 3. Cox proportional hazards regression was applied to calculate hazard ratio (HR) and 95% confidence inter-
vals (CIs) for the bidirectional association.
Results: Participants with baseline depressive symptoms were 1.33 times as likely to develop T2DM (HR, 1.33;
95% CI: 1.06, 1.66), compared to their counterparts after adjusting for demographic characteristics and T2DM
risk factors. The risk of T2DM increased linearly with higher severity of depression as determined by a higher

CESD-10 score (P for trend≪ 0.001). In addition, baseline T2DM was associated with increased risk of incident
depressive symptoms (1.15; 1.00, 1.31) and persistent depressive symptoms (1.35; 1.03, 1.77).
Conclusion: There is a positive bidirectional association between depressive symptoms and T2DM inmiddle-aged
and elderly Chinese.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Both diabetes and depressive disorders are leading causes of
disability-adjusted life years worldwide. 8.8% of adults aged 20–
79 years (425 million) had diabetes in 2017,1 while global point preva-
lence and annual incidence of major depressive disorder were esti-
mated to be 4.7% and 3.0%.2 In China, a national survey showed that
about 10.9% of Chinese adults had diabetes and another 35.7% had pre-
diabetes in 2013.3 The 1-month prevalence of major depressive disor-
der reached up to 2.1% in a large study in four provinces of China in
2001–2005.4 The burden of diabetes and depressionmay continue to in-
crease in China, given the demographic and social transitions due to
rapid aging,5 urbanization6 and lifestyle change.7
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Mounted epidemiological evidence suggests that depressionmay be
a risk factor for the development of diabetes in addition to being a con-
sequence of diabetes.8,9 The pooled relative risk was estimated to be
1.60 (95% confidence interval [CI], 1.37, 1.88) for depression leading to
T2DM in a meta-analysis of 13 cohort studies, and 1.15 (1.02, 1.30) for
T2DM leading to depression in a meta-analysis of 7 cohort studies.9

However, the bidirectional association was only examined in the same
population in a limited number of original studies,10–14 most of which
were conducted in Western populations. Our previous study using the
China Kadoorie Biobank data demonstrated that both major depressive
episode and depressive symptoms increased the risk of T2DM among
0.5 million Chinese during a follow-up of 3291,908 person-years.15

Since prospective studies on this topic are still sparse in Chinese and
none of them ever examined the reciprocal association in the same pop-
ulation in Chinese mainland, it is still relevant to revisit the prospective
bidirectional association in Chinese adults.

The China Health and Retirement Longitudinal Study (CHARLS) is
a nationally representative longitudinal survey in Chinese aged
45 years or older that aims to provide high-quality databases for sci-
entific and policy research on aging-related issues.16 Capitalizing on
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this data resource, we aimed to prospectively evaluate the bidirec-
tional association between depressive symptoms and T2DM in
middle-aged and elderly Chinese. In addition, we examined whether
the bidirectional association differed in subgroups defined by differ-
ent characteristics.

2. Material and methods

2.1. Study population

The CHARLS collected high quality data from a national representa-
tive sample of Chinese residents aged 45 and above from 28 provinces,
municipal cities and autonomous regions. Details of the study design
were described elsewhere.16 Based on a multistage stratified sampling
design, a total of 17,708 participants were enrolled in the first wave
(W1) in 28 of the overall 32 provinces in China between June 2011
and March 2012. 18,612 people, including 2458 newly enrolled partici-
pants, were interviewed in the second wave (W2) between 2013 and
2014. The third wave (W3) was conducted between 2015 and 2016.
Trained staff interviewed participants using face-to-face laptop-based
questionnaires and explained each question to the participants. The
CHARLS was approved by the Biomedical Ethics Review Committee of
Peking University, and informed consent was obtained from all
participants.

2.2. Assessment of depression symptoms

Depressive symptoms were assessed at each wave using the Chi-
nese language version of 10-item Center for Epidemiologic Studies
Depression Scale (CESD-10), which has been validated and used to
measure depressive symptoms in Chinese older adults.17,18 The
scale covered items related to major components of depression,
such as the feeling of loneliness, hopelessness and unhappiness, at-
tention deficit disorder and sleep disorder. Participants were
assessed for each item on a scale from 0 to 3 based on their feeling
during the past week: 1) rarely or none of the time (≪1 day);
2) some of time (1–2 days); 3) occasional or a moderate amount of
the time (3–4 days); and 4) most or all of the time (5–7 days). The
total score ranges from 0 to 30, with a higher score indicating higher
level of depressive symptoms. A cut-off point of 10 showed high sen-
sitivity and specificity for the diagnosis of depressive symptoms,19

and a cut-off point of 21 was also recommended to defined major
depression.20 We thus used the cut-off point of 10 to dichotomize
participants in our primary analysis, and graded depressive symp-
toms into no (0–9), moderate, and severe levels (≥21) in sensitivity
analyses. Incident and persistent depressive symptoms were esti-
mated only for participants with a CESD-10 score ≪10 at W1: inci-
dent depressive symptoms were defined as having a CESD-10 score
≥10 at W2 or W3, while persistent depressive symptoms as having
a CESD-10 score ≥10 at both W2 and W3.

2.3. Assessment of T2DM

Baseline diabetes was determined by self-reported physician diag-
nosis or glucose measures (FBG ≥ 126 mg/dL or HbA1c ≥ 6.5%).21 Inci-
dent cases of T2DM were identified as participants without baseline
diabetes who reported physician-diagnosed diabetes during two
follow-up surveys conducted 2 (2013–2014) and 4 (2015–2016) years
later. Study participants were asked the question in two follow-up sur-
veys, “have you been diagnosed with diabetes mellitus by a doctor in the
last two years?”

2.4. Assessment of covariates

Covariates were obtained by interviewer-administered structural
questionnaires at baseline, including demographic characteristics (age,
sex, education level, and residence) and T2DM risk factors (body mass
index [BMI], cigarette smoking, alcohol drinking, hypertension, and dys-
lipidemia). Education level was graded as illiterate, primary school, and
middle school or above. Cigarette smoking and alcohol drinking were
categorized into two groups (yes and no). Anthropometric measure-
ments such as height and weight weremeasured using standard device
according pre-specified protocols. 8-mL blood samples were collected
for bioassays such as fasting blood glucose, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL\\C), low high-density lipo-
protein cholesterol (LDL-C), and triglycerides (TGs) at the Youanmen
Center for Clinical Laboratory of Capital Medical University. Participants
were classified into two categories based on self-reported hypertension
or blood pressure measurements (systolic BP ≥ 140 mmHg or diastolic
BP ≥ 90 mmHg). We defined dyslipidemia as TC/HDL-C ≫ 5.0 or self-
report dyslipidemia to avoid the influence of lipid-lowering drugs.22

Participants self-reported dyslipidemia through answering the ques-
tion, have you been diagnosed with the dyslipidemia (elevation of LDL-C,
TGs, and TC, or a low HDL\\C) by a doctor?
3. Statistical analysis

We used two different sets of research populations for two an-
alytical purposes. To examine the impact of depressive symptoms
on risk of T2DM, we excluded 1) participants without baseline
socio-demographic information; 2) participants without baseline
health information; 3) participants with erroneous age informa-
tion; 4) participants without baseline depression information;
and 5) participants with baseline diabetes (Supplementary Fig.
1). 12,030 participants free of diabetes were included in final
analyses.

To examine the impact of T2DMon risk of depressive symptoms, we
excluded 1) participants without baseline socio-demographic informa-
tion; 2) participants without baseline health information; 3) partici-
pants with erroneous age information; 4) participants without
baseline depression information; and 5) participants with baseline de-
pressive symptoms (Supplementary Fig. 2). 7786 participants free of
depressive symptoms were included in final analyses.

Baseline characteristics were presented as mean (standard devi-
ation, SD) for continuous variables and percentage (%) for categorical
variables, and compared using t-test (for continuous variable) and
Chi square test (categorical variable), respectively. Cox proportional
hazards regression was applied to calculate hazard ratios (HRs) and
95% CIs for examining the bidirectional association between depres-
sive symptoms and T2DM. We adjusted for covariates in three
models in a stepwise manner. The first multivariable model included
age (continuous, years), sex (female and male), education (illiterate,
primary school, and middle school or above), and residence (urban
and rural). The second multivariable model included BMI (continu-
ous, kg/m2), cigarette smoking (yes and no), alcohol drinking (yes
and no), and other covariates in the first model. The third multivari-
able model included prevalent hypertension (yes and no), prevalent
dyslipidemia (yes and no) and other covariates in the second model.
Adjusted HRs were estimated in major subgroups stratified by sex
(female and male), age (≪60 and ≥60 years), residence (urban and
rural), education level (illiterate, primary school, and middle school
or above), BMI (≪24 and ≥24 kg/m2), cigarette smoking (yes and
no), alcohol drinking (yes and no), prevalent hypertension (yes
and no) and prevalent dyslipidemia (yes and no). Potential effect
modifications by these variables were examined by adding a product
term of the stratifying variable and the exposure of interest (depres-
sive status or diabetes depending on the analytical purpose) to the
final model, and determined by comparing the two models using
the likelihood ratio test. All analyses were performed using Stata
14 (StataCorp LLC, College Station, Texas, US). All P values were
two-sided, and statistical significance was defined as P ≪ 0.05.



Table 1
Baseline characteristics of study participants for the association between depressive
symptoms and risk of T2DM in the CHARLS (N = 12030).

Characteristics Total (%) Depressive status P values

Yes (%) No (%)

Total 12030 (100) 4342 (36.09) 7688 (63.91) –
Age (years)a 58.57 (9.58) 59.62 (9.71) 57.98 (9.45) ≪0.001
BMI (kg/m2)a 23.36 (3.74) 22.88 (3.73) 23.63 (3.71) ≪0.001
Sex ≪0.001

Male 5865 (48.75) 1729 (39.82) 4136 (53.80)
Female 6165 (51.25) 2613 (60.18) 3552 (46.20)

Education level ≪0.001
Illiterate 3140 (26.10) 1450 (33.39) 1690 (21.98)
Primary school 4984 (41.43) 1933 (44.52) 3051 (39.69)
Middle school or above 3906 (32.47) 959 (22.09) 2947 (38.33)

Residence ≪0.001
Rural 9778 (81.28) 3797 (87.45) 5981 (77.80)
Urban 2252 (18.72) 545 (12.55) 1707 (22.20)

Cigarette smoking ≪0.001
No 7137 (59.33) 2761 (63.59) 4376 (56.92)
Yes 4893 (40.67) 1581 (36.41) 3312 (43.08)

Alcohol drinking ≪0.001
No 8910 (74,06) 3437 (79.16) 5473 (71.19)
Yes 3120 (25.94) 905 (20.30) 2215 (28.81)

Hypertension 0.20
No 7450 (61.93) 2656 (61.17) 4794 (62.36)
Yes 4580 (38.07) 1686 (38.83) 2894 (37.64)

Dyslipidemia 0.31
No 7688 (63.91) 3616 (83.28) 6347 (82.56)
Yes 4342 (36.09) 726 (16.72) 1341 (17.44)

Abbreviation: BMI: bodymass index; CHARLS: China Health and Retirement Longitudinal
Study; T2DM: type 2 diabetes mellitus.

a Presented as mean (standard deviation).

3F. Zhao et al. / Journal of Diabetes and Its Complications 33 (2019) 107387
4. Results

4.1. Depressive symptoms and risk of T2DM

4.1.1. Baseline characteristics
Of 12,030 individuals without baseline diabetes, 48.75% were male

and mean age was 58.57 (standard deviation: 9.58) years. 26.10%
were illiterate, and 81.28% were from rural areas. 4342 (36.09%) partic-
ipants showed depressive symptoms as defined by CESD-10 of 10 or
higher at baseline. Compared to their counterparts, participants with
depressive symptoms were older, had lower BMI, and were more likely
to be female and living in rural areas but less likely to be smokers and
drinkers (Table 1).

4.1.2. Association between depressive symptoms and incident T2DM
A total of 328 participants developed T2DMduring thewhole 4-year

follow-up, including 141 and 187 in two follow-up surveys respectively
Table 2
Association between depressive status and risk of incident T2DM in the CHARLS (N = 12030)

Depressive status Cases/person years Model 1

HR (95% CI)

Depressive symptoms
No (≪10) 191/26796 1
Yes (≥10) 137/15171 1.27 (1.02, 1.58)

Depressive symptom groups
No (≪10) 191/26796 1
Moderate (10–20) 111/13057 1.16 (0.91, 1.47)
Severe (≥21) 26/2114 1.77 (1.23, 1.54)
Per 1 SD change 328/41967 1.18 (1.06, 1.30)

Abbreviation: CHARLS: China Health and Retirement Longitudinal Study. CI: confidence interv
Model 1: Non-adjusted.
Model 2: Adjusted for age (continuous, years), sex (male and female), education (illiterate, pri
Model 3: Adjusted for the variables in Model 1 and body mass index (continuous, kg/m2), ciga
Model 4: Adjusted for the variables in Model 2 and prevalent hypertension (yes and no) and d

a P for trend was estimated from a likelihood ratio test comparing the model with CESD-10
(Table 2). The incidence rate was 9.03 per 1000 person years in partici-
pants with depressive symptoms versus 7.13 per 1000 person years
among those without depressive symptoms. Participants with baseline
depressive symptoms were 1.33 times as likely to develop T2DM (HR:
1.33; 95%CI: 1.06, 1.66), compared to those without depressive symp-
toms after adjusting for age, sex, educational level, residence, BMI, ciga-
rette smoking, alcohol drinking, prevalent hypertension and
dyslipidemia. Therewas a linear association between the severity of de-
pression and risk of T2DM (P for trend≪ 0.001); one SD increase of the
CESD-10 score was associated with a 21% increase in risk of incident
T2DM (1.21; 1.09, 1.34). No heterogeneity in effect estimates were ob-
served in subgroups as defined by sex, age, residence, education level,
BMI, cigarette smoking, alcohol drinking, prevalent hypertension and
dyslipidemia (Supplementary Fig. 3). Despite no statistical significance,
HRs were higher in female than male participants (1.36 versus 1.24), in
participants aged 60 years or above than those below 60 years (1.45
versus 1.21), and in participants with BMI below 24 kg/m2 than those
with BMI of 24 kg/m2 or higher (1.61 versus 1.18). Besides, seemingly
stronger associations were also observed in non-smokers, participants
without hypertension, and participants without dyslipidemia.
4.2. T2DM and risk of depressive symptoms

4.2.1. Baseline characteristics
Of 7786 participants without depressive symptoms, 53.28% were

male and mean age was 58.67 (standard deviation: 9.37) years
(Table 3). 22.81% were illiterate, and 77.18% were from rural areas.
981 (12.60%) participants had prevalent diabetes at baseline. Com-
pared to their counterparts, participants with diabetes were older,
had higher BMI, and were more likely to live in urban areas and
have prevalent hypertension and dyslipidemia but less likely to be
drinkers.
4.2.2. Association between T2DM and risk of depressive symptoms
During a 4-year follow-up, 2036 and 432 cases of incident and per-

sistent depressive symptoms were documented, respectively. Com-
pared with participants without baseline T2DM, those with baseline
T2DM had a 15% increased risk of incidence depressive symptoms (HR
1.15, 95%CI: 1.00, 1.31; Table 4). In addition, baseline T2DMwas associ-
ated with a 35% (HR 1.35, 95%CI: 1.03, 1.77) increase in the risk of per-
sistent depressive symptoms after adjusting for established or potential
confounders (Table 5). No heterogeneity in effect estimates were ob-
served inmajor subgroups (Supplementary Fig. 4). Despite no statistical
significance, HRs seemed to be higher in urban than rural residents
(1.30 versus 1.11), in non-drinkers than drinkers (1.19 versus 1.02),
and in participants with than without dyslipidemia (1.24 versus 1.08).
.

Model 2 Model 3 Model 4 P values

HR (95% CI) HR (95% CI) HR (95% CI)

1 1 1
1.24 (0.99, 1.59) 1.33 (1.06, 1.67) 1.33 (1.06, 1.66) 0.02

1 1 1 ≪0.001a

1.18 (0.93, 1.49) 1.26 (0.99, 1.60) 1.26 (0.99, 1.60)
1.68 (1.11, 2.55) 1.81 (1.19, 2.74) 1.77 (1.16, 2.68)
1.17 (1.05, 1.30) 1.21 (1.08, 1.34) 1.21 (1.09, 1.34) ≪0.001

al; HR: hazard ratio; T2DM: type 2 diabetes mellitus.

mary school, and middle school or above), and residence (urban and rural).
rette smoking (yes and no), and alcohol drinking (yes and no).
yslipidemia (yes and no).
categories as an ordered categorical variable with the model without it.



Table 3
Baseline characteristics of study participants for the association between T2DM and risk of
depressive symptoms in the CHARLS (N = 7786).

Characteristics Total (%) Diabetes P values

Yes (%) No (%)

Total 7786 (100) 981 (12.60) 6805 (87.40) –
Age (years)a 58.67 (9.37) 60.17 (9.17) 57.98 (9.45) ≪0.001
BMI (kg/m2)a 23.73 (3.76) 25.04 (3.65) 23.55 (3.74) ≪0.001
Sex 0.07
Male 4148 (53.28) 496 (50.56) 3652 (53.67)
Female 3638 (46.72) 485 (49.44) 3153 (46.33)

Education level 0.67
Illiterate 1776 (22.81) 217 (22.12) 1559 (22.91)
Primary school 3045 (39.11) 378 (38.53) 2667 (39.19)
Middle school or above 2965 (38.08) 386 (39.35) 2579 (37.90)

Residence ≪0.001
Rural 6009 (77.18) 685 (69.83) 5324 (78.24)
Urban 1777 (22.82) 296 (30.17) 1481 (21.76)

Cigarette smoking 0.12
No 4447 (57.12) 583 (59.43) 3864 (56.78)
Yes 3339 (42.88) 398 (40.57) 2941 (43.22)

Alcohol drinking 0.05
No 5625 (72,25) 735 (74.92) 4890 (71.86)
Yes 2161 (27.75) 246 (25.08) 1915 (28.14)

Hypertension ≪0.001
No 4671 (59.99) 425 (43.32) 4246 (62.40)
Yes 3115 (40.01) 556 (56.68) 2559 (37.60)

Dyslipidemia ≪0.001
No 6061 (77.84) 520 (53.01) 5541 (81.43)
Yes 1725 (22.16) 461 (46.99) 1264 (18.57)

Abbreviation: BMI: bodymass index; CHARLS: China Health and Retirement Longitudinal
Study; T2DM: type 2 diabetes mellitus.

a Presented as mean (standard deviation).
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5. Discussion

To the best of our knowledge, this current study was the first to as-
sess the bidirectional relationship between depressive symptoms and
T2DM in the same population-based cohort in China. Our study showed
a positive bidirectional association between depressive symptoms and
T2DM independent of established or potential confounders, which
was consistent with findings from previous meta-analyses.8,9 Our find-
ings demonstrate a close link between depression and diabetes that can
be used to inform the population-based control and prevention of these
two major health challenges.

In our study, participants with depressive symptoms were 1.33
times more likely to develop T2DM compared to those without. Our
finding is consistent with results from a comprehensive meta-analysis
(pooled relative risk, 1.60)9 and a more recent meta-analysis of only
longitudinal studies (pooled relative risk, 1.41).23 In the current study,
there was a 21% increased risk of incident diabetes associated with
each SD increase in addition to increased riskwith higher severity of de-
pression. The increasing trend was fairly consistent with our previous
findings in the China Kadoorie Biobank among 0.5 million Chinese in
2018, which showed an HR of 1.32 for major depressive episode versus
Table 4
Association between T2DM and risk of incident depressive symptoms in the CHARLS (N = 778

Group Cases/person-years Model 1 Model

HR (95% CI) HR (95

Total 2036/25569 –
Non-diabetic 1766/22438 1
Diabetic 270/3131 1.11 (0.98, 1.26) 1.12 (0

Abbreviation: CESD-10: 10-item Center for Epidemiological Studies Depression Scale; CHARLS:
T2DM: type 2 diabetes mellitus.
Model 1: Non-adjusted.
Model 2: Adjusted for age (continuous, years), sex (male and female), education (illiterate, pri
Model 3: Adjusted for the variables in Model 1 and body mass index (continuous, kg/m2), ciga
Model 4: Adjusted for the variables in Model 2 and prevalent hypertension (yes and no) and d
1.19 for depressive symptoms only.15 Direct comparison was not possi-
ble between the two studies because the modified Chinese language
version of Composite International Diagnostic Interview Short-Form
was used in the previous one. In the Atherosclerosis Risk in Communi-
ties study among 11,615 participants, an increasing trend was also ob-
served across the quartiles of depression scores as defined by the
42-point Vital Exhaustion Scale.24 Thus we believe that a higher risk of
diabetes may exist for depression in a dose-response manner. Our two
studies in China together with supporting evidence from other popula-
tions reflect that depression may be a reliable risk factor for diabetes in
Chinese adults.

We found a statistically significant, though modest, elevation in the
risk of incident depressive symptoms associated with T2DM (multivar-
iable-adjusted HR of 1.15), which was lower than that reported in a re-
centmeta-analysis of longitudinal studies (pooled relative risk: 1.33) on
this topic.25 Of note, the review contained studies (except one in Korea
and one in Chinese Taiwan) mostly conducted in European and North
American populations. The only one Chinese study was conducted in
about 16,957 pairs of cases and controls in Taiwan residents that re-
ported a HR of 1.43.14 In addition, a weakened association between di-
abetes and subsequent depression was observed in older participants
comparedwith those younger than 45 years old in that study. Themod-
erate difference between our findings and those in this study might be
partly explained by the age difference as our study did not include indi-
viduals aged younger than 45 years. We also observed a strong relation
for persistent depressive symptoms (HR, 1.35) in addition to that for in-
cident symptoms, which indicates that diabetes can also predict lasting
depressive symptoms that has rarely been evaluated in literature. Our
findings thus demonstrate that T2DM can be a reliable independent
risk factor for depression in the Chinese population.

Although the mechanisms underlying the link between depression
and T2DM are still uncertain, it is hypothesized that increased release
of counterregulatory hormones due to hyperactivity of hypothalamic-
pituitary-adrenal axis and sympathetic nervous system in depression
leads to abdominal adiposity and insulin resistance.15,26 On the other
hand, diabetes may increase the risk of depression mainly because of
long-term stress that is link to awareness of negative consequences of
diabetes, suffering from chronic complications such as cardiovascular
disease, and lifestyle change and inconvenience.27 The reciprocal rela-
tion between depression and diabetes may also because they share pre-
disposing unhealthy lifestyle factors such as physical inactivity and
smoking.15

Our study is one of the only few prospective studies to examine the
bidirectional association between depressive symptoms and T2DM in
the same population. It has advantages such as large representative
sample, detailed information on demographic and potential con-
founders, and prospective study design. However, certain limitations
should be acknowledged. First, we did not use a diagnostic tool for de-
pression ascertainment, which may cause misclassification of depres-
sion. In particular, the prevalence of depressive symptoms based on
the screening scale, CESD-10 was higher than reported in a study in
four provinces in China (17.5%).4 However, depression screening scales
6).

2 Model 3 Model4 P values

% CI) HR (95% CI) HR (95% CI)

– – – –
1 1 1
.99, 1.28) 1.15 (1.01, 1.31) 1.15 (1.00, 1.31) 0.05

China Health and Retirement Longitudinal Study. CI: confidence interval; OR: odds ratio;

mary school, and middle school or above), and residence (urban and rural).
rette smoking (yes and no), and alcohol drinking (yes and no).
yslipidemia (yes and no).



Table 5
Association between T2DM and risk of persistent depressive symptoms in the CHARLS (N = 7786).

Group Cases/person-years Model 1 Model2 Model 3 Model4 P values

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Total 432/26783 – – – – –
Non-diabetic 363/23496 1 1 1 1
Diabetic 69/3287 1.35 (1.04, 1.75) 1.37 (1.06, 1.78) 1.39 (1.07, 1.81) 1.35 (1.03, 1.77) 0.03

Abbreviation: CESD-10: 10-item Center for Epidemiological Studies Depression Scale; CHARLS: China Health and Retirement Longitudinal Study. CI: confidence interval; OR: odds ratio;
T2DM: type 2 diabetes mellitus.
Model 1: Non-adjusted.
Model 2: Adjusted for age (continuous, years), sex (male and female), education (illiterate, primary school, and middle school or above), and residence (urban and rural).
Model 3: Adjusted for the variables in Model 1 and body mass index (continuous, kg/m2), cigarette smoking (yes and no), and alcohol drinking (yes and no).
Model 4: Adjusted for the variables in Model 2 and prevalent hypertension (yes and no) and dyslipidemia (yes and no).
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were highly frequently used in similar population studies23,25 and our
analyses using continuous CESD-10 scores and multiple categories in ad-
dition to a depression/non-depression binary definition consistently
showed increased risk with higher severity of depression. Second, since
CESD-10 only measures the depressive status in the past week, the mea-
sured depression may be only transient. In the analyses for the effect of
T2DM on depressive symptoms, we tried to additionally use a definition
of persistent depressive symptoms to consolidate their association.
Third, the exact information of anti-depressant medication use was not
fully available in our study, and whether anti-depressant use could ex-
plain the observed association between depression and incident diabetes
needs further investigation. Finally, incident T2DM was ascertained by
self-reported physician diagnosis at two follow-up surveys. The lack of
biochemical markers and clinical evaluation may cause under-reporting
of diabetes cases that do not present to health care providers.28 This
may potentially obscure the association between depression and diabetes
if the underreporting did not occur randomly among the depressed and
non-depressed.

In conclusion, we found a positive bidirectional relationship be-
tween depressive symptoms and diabetes in middle-aged and elderly
Chinese.More precisely, the risk of diabetes can be increased as the con-
sequence of depression, and as a predisposing factor diabetes also in-
creases the risk of depression, especially of persistent depressive
condition. Future studies are still needed to confirm our findings in
the Chinese population and explore the potential mechanisms underly-
ing this association. Clinical trials are also necessitated to test whether
screening for depression or treatment of diabetes can reduce the risk
of the counterpart of the link.

Acknowledgments

We thank the China Center for Economic Research, National School
of Development at Peking University for providing the CHARLS data. A
Pan is supported by the National Key Research and Development Pro-
gram of China (2017YFC0907504). XF Pan is funded by the China Post-
doctoral Science Foundation (No. 176596), and International
Postdoctoral Exchange Fellowship of the China Postdoctoral Council
(No. 20180062). The sponsor has no role in the study design, and collec-
tion, analysis or interpretation of data.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jdiacomp.2019.05.018.

References

1. International Diabetes Federation. IDF Diabetes Atlas7th ed. . 2017:2017https://www.
idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html.

2. Ferrari AJ, Somerville AJ, Baxter AJ, et al. Global variation in the prevalence and inci-
dence of major depressive disorder: a systematic review of the epidemiological liter-
ature. Psychol Med 2013;43:471-81.
3. Wang L, Gao P, Zhang M, et al. Prevalence and ethnic pattern of diabetes and predi-
abetes in China in 2013. JAMA 2017;317:2515-23.

4. Phillips MR, Zhang J, Shi Q, et al. Prevalence, treatment, and associated disability
of mental disorders in four provinces in China during 2001–05: an epidemiolog-
ical survey. Lancet 2009;373:2041-53, https://doi.org/10.1016/S0140-6736(09)
60660-7.

5. Wang X, Chen P. Population ageing challenges health care in China. Lancet 2014;383:
870, https://doi.org/10.1016/S0140-6736(14)60443-8.

6. Gong P, Liang S, Carlton EJ, et al. Urbanisation and health in China. Lancet 2012;379:
843-52.

7. Li Y, Wang DD, Ley SH, et al. Time trends of dietary and lifestyle factors and their po-
tential impact on diabetes burden in China. Diabetes Care 2017;40, c170571.

8. Pan A, Keum N, Okereke OI, et al. Bidirectional association between depression and
metabolic syndrome: a systematic review and meta-analysis of epidemiological
studies. Diabetes Care 2012;35:1171-80.

9. Mezuk B, Eaton WW, Albrecht S, et al. Depression and type 2 diabetes over the
lifespan: a meta-analysis. Diabetes Care 2008;31:2383-90.

10. Asamsama OH, Lee JW, Morton KR, et al. Bidirectional longitudinal study of type 2 di-
abetes and depression symptoms in black and white church going adults. J Diabetes
Metab Disord 2015;14:1-7.

11. Sherita Hill G, Mariana L, Mercedes C, et al. Examining a bidirectional association be-
tween depressive symptoms and diabetes. JAMA 2008;299:2751-9.

12. Pan A, Lucas M, Sun Q, et al. Bidirectional association between depression and type 2
diabetes mellitus in women. Arch Intern Med 2010;170:1884-91.

13. Palinkas LA, Lee PP, Barrett-Connor E. A prospective study of type 2 diabetes and de-
pressive symptoms in the elderly: the Rancho Bernardo study. Diabetic Med
2010;21:1185-91.

14. Pei-Chun C, Yen-Ting C, Hua-Fen C, et al. Population-based cohort analyses of the bi-
directional relationship between type 2 diabetes and depression. Diabetes Care
2013;36:376-82.

15. Meng R, Liu N, Yu C, et al. Association between major depressive episode and risk of
type 2 diabetes: a large prospective cohort study in Chinese adults. J Affect Disord
2018;234:59-66.

16. Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the China Health and Retirement Longi-
tudinal Study (CHARLS). Int J Epidemiol 2014;43:61-8.

17. Boey KW. Cross-validation of a short form of the CES-D in Chinese elderly. Int J
Geriatr Psych 1999;14:608-17.

18. Cheng HG, Chen S, Mcbride O, et al. Prospective relationship of depressive symp-
toms, drinking, and tobacco smoking among middle-aged and elderly
community-dwelling adults: results from the China Health and Retirement Lon-
gitudinal Study (CHARLS). J Affect Disorders 2016;195:136-43, https://doi.
org/10.1016/j.jad.2016.02.023.

19. Qian J, Li N, Ren X. Obesity and depressive symptoms among Chinese people aged 45
and over. Sci Rep 2017;7, 45637.

20. Lyness JM. Screening for depression in elderly primary care patients. Arch InternMed
1997;157:449-54.

21. Zhao Y, Crimmins EM, Hu P, et al. Prevalence, diagnosis, andmanagement of diabetes
mellitus among older Chinese: results from the China health and retirement longitu-
dinal study. Int J Public Health 2016;61:347-56.

22. Wang Z, Li C, Yang Z, et al. Fetal and infant exposure to severe Chinese famine in-
creases the risk of adult dyslipidemia: results from the China Health and Retirement
Longitudinal Study. BMC Public Health 2017;17:488.

23. Yu M, Zhang X, Lu F, et al. Depression and risk for diabetes: a meta-analysis. Can J Di-
abetes 2015;39:266-72, https://doi.org/10.1016/j.jcjd.2014.11.006.

24. Golden SH, Williams JE, Ford DE, et al. Depressive symptoms and the risk of type 2
diabetes: the Atherosclerosis Risk in Communities study. Diabetes Care 2004;27:
429-35.

25. Chireh B, Li M, D'Arcy C. Diabetes increases the risk of depression: a systematic re-
view, meta-analysis and estimates of population attributable fractions based on pro-
spective studies. Prev Med Rep 2019;14:100822.

26. Knol MJ, Twisk JWR, Beekman ATF, et al. Depression as a risk factor for the onset of
type 2 diabetes mellitus. A meta-analysis. Diabetologia 2006;49:2797-8.

27. Fiore V, Marci M, Poggi A, et al. The association between diabetes and depression: a
very disabling condition. Endocrine 2015;48:14-24.

28. Ning M, Zhang Q, Yang M. Comparison of self-reported and biomedical data on hy-
pertension and diabetes: findings from the China Health and Retirement Longitudi-
nal Study (CHARLS). BMJ Open 2016;6, e9836.

https://doi.org/
https://doi.org/
https://www.idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html
https://www.idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0010
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0010
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0010
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0015
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0015
https://doi.org/10.1016/S0140-6736(09)60660-7
https://doi.org/10.1016/S0140-6736(09)60660-7
https://doi.org/10.1016/S0140-6736(14)60443-8
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0030
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0030
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0035
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0035
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0040
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0040
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0040
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0045
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0045
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0050
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0050
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0050
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0055
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0055
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0060
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0060
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0065
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0065
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0065
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0070
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0070
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0070
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0075
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0075
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0075
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0080
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0080
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0085
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0085
https://doi.org/10.1016/j.jad.2016.02.023
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0095
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0095
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0100
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0100
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0105
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0105
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0105
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0110
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0110
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0110
https://doi.org/10.1016/j.jcjd.2014.11.006
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0120
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0120
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0120
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0125
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0125
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0125
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0130
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0130
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0135
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0135
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0145
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0145
http://refhub.elsevier.com/S1056-8727(19)30191-6/rf0145

	Bidirectional association between depressive symptoms and type 2 diabetes mellitus: The China Health and Retirement Longitu...
	1. Introduction
	2. Material and methods
	2.1. Study population
	2.2. Assessment of depression symptoms
	2.3. Assessment of T2DM
	2.4. Assessment of covariates

	3. Statistical analysis
	4. Results
	4.1. Depressive symptoms and risk of T2DM
	4.1.1. Baseline characteristics
	4.1.2. Association between depressive symptoms and incident T2DM

	4.2. T2DM and risk of depressive symptoms
	4.2.1. Baseline characteristics
	4.2.2. Association between T2DM and risk of depressive symptoms


	5. Discussion
	Acknowledgments
	Appendix A. Supplementary data
	References


