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ABSTRACT
Objectives: To evaluate the prevalence and
determinants of anxiety and depression and to assess
their impact on glycaemic control in participants with
type 2 diabetes mellitus.
Design: A cross-sectional study.
Setting: Community-based investigation in Xuzhou,
China.
Participants: 893 Chinese men and women aged
18–84 years who fulfilled the inclusion criteria.
Methods: People with type 2 diabetes completed
the Pittsburgh Sleep Quality Index and the Zung
Self-Rating Anxiety and Depression Scales.
Demographic and physiological characteristics were
recorded. Multiple logistic regression was used to
evaluate the combined effect of factors associated
with anxiety and depression and to assess the
effects of anxiety and depression on glycaemic
control.
Results: The prevalence of depressive symptoms and
anxiety symptoms was 56.1% and 43.6%, respectively.
Multivariate logistic regression analysis indicated that
anxiety symptoms were associated with being woman,
low income, chronic disease, depressive symptoms
and poor sleep quality. Depressive symptoms were
associated with being woman, older age, low education
level, being single, diabetes complications, anxiety
symptoms and poor sleep quality. Glycaemic control
was not related to anxiety symptoms (OR=1.31, 95%
CIs 0.94 to 1.67) or depressive symptoms (OR=1.23,
95% CI 0.85 to 1.63). A combination of depressive
symptoms and anxiety symptoms was associated with
poor glycaemic control (relative excess risk due to
interaction: 4.93, 95% CI 2.09 to 7.87; attributable
proportion due to interaction: 0.27, 95% CI 0.12 to
0.45).
Conclusions: There was a high prevalence of
depressive and anxiety symptoms in this Chinese
sample of participants, although depression and
anxiety were not singly associated with glycaemic
control. However, a combination of depressive and
anxiety symptoms was negatively correlated with
glycaemic control in participants with type 2
diabetes.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a group
of metabolic diseases that pose a serious
challenge to governments and to society.
T2DM leads to decreased quality of life,
increasing care costs and a reduction in life
expectancy. Approximately 592 million
people worldwide will suffer from diabetes
mellitus by 2035.1 According to one national
survey,2 3 the prevalence of diabetes in China
has increased from 0.9% in 1980 to 11.6% in
2010. More than 1 in 10 people in China
have diabetes, and there are >100 million
adults with the disease, a figure higher than
in any other country.4

Diabetes is associated with an increased
risk of psychological disorders; depression
and anxiety are two of the most common
comorbidities. Epidemiological evidence sug-
gests that at least one-third of people with
diabetes suffer from clinically relevant
depressive disorders.5 People with diabetes
are twice as likely to be diagnosed with
anxiety and depression than those without
diabetes.6 7 Research shows that gender, age,
education, diabetes complications and poor
glycaemic control are related to anxiety and
depression in people with T2DM.6–10

Comorbid depression and anxiety are

Strengths and limitations of this study

▪ To describe the prevalence and determinants of
anxiety and depression, and to explore the effect
of anxiety and depression on glycaemic control
in Xuzhou, China.

▪ Neither anxiety nor depression is singly linked
with poorer glycaemic control.

▪ A strength of the study is the use of a
community-based design and random sampling.

▪ A limitation of the study is the cross-sectional
design.
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associated with negative health outcomes, such as
increased diabetes-related complications,8 increased
physical morbidity,11 higher blood glucose levels,6 7

poorer quality of life12–15 and premature death, com-
pared with depression or anxiety alone.16

Chinese people are particularly susceptible to T2DM
because of physiological, cultural and societal factors.4

However, little research has been conducted in tertiary
hospitals or hospitals in Chinese metropolitan cities on
the prevalence of, and factors related to, depressive and
anxiety symptoms in patients with T2DM, or on how
these symptoms affect glycaemic control.9 17–19 An add-
itional problem is that any such research may not be rep-
resentative of people with T2DM in the community.
Our study aimed to assess the prevalence of, and the

factors related to, depressive and anxiety symptoms in
participants with T2DM, and to assess the effects (singly
and in combination) of depressive and anxiety symp-
toms on glycaemic control.

MATERIALS AND METHODS
Study design and recruitment criteria
The sampling method of this cross-sectional study has
been described previously.20 Briefly, participants with
T2DM who were registered at 37 community clinics and
who met the criteria of the Chinese Type 2 Diabetes
Prevention and Control 2010 Guidelines21 were selected
using multistage cluster sampling. Participants who were
diagnosed with T2DM by physicians at least 6 months
prior using baseline clinical information and laboratory
data were recruited in our study. Exclusion criteria were
as follows: (1) type 1 diabetes; (2) painful diabetic
sensory neuropathology; (3) diagnosed sleep disorders
prior to diabetes; (4) mental illness or use of any kind
of psychotropic medication; (5) working in nights shifts
in the last 3 months or travelling across time zones
within 1 month; (6) other endocrine disorders, such as
thyroid disease or chronic use of glucocorticoids; (7)
age <18 years and (8) pregnancy or lactation.
We aimed to select a minimum of 690 patients, assum-

ing a 25% estimation prevalence of anxiety and depres-
sion in patients with T2DM16 with 90% power, a
significance level of 0.05 (a two-sided type I error of
5%), a design effect of 2.5 and allowing for a dropout
rate of 20%. The study was conducted between August
and December 2013.
A total of 963 eligible patients with T2DM aged 25–

92 years were invited to participate in the study. Among
them, 42 dropped out because of work, 15 declined to
take part in the study and 13 failed to complete the
questionnaire. The response rate was 91.7%. Overall,
893 people with T2DM participated in the study.
Written informed consent was obtained from all parti-

cipants. The study protocol was approved by Xuzhou
Center for Disease Control and Prevention. The proce-
dures followed were in accordance with the standards of
the ethics committee of Xuzhou Center for Disease

Control and Prevention and with the Declaration of
Helsinki (1975, revised 2000).

Assessment of depressive and anxiety symptoms
Depressive and anxiety symptoms were assessed using
the Zung Self-Rating Depression Scale and the Zung
Self-Rating Anxiety Scale, respectively.22 23 All the symp-
toms were reported by patients .Each of these scales
comprises 20 items scored on a frequency scale of 1,
rarely; 2, some of the time; 3, very often/often; 4,
almost/always. The total score for the 20 questions was
multiplied by 1.25, with the integer score as a standard
score. A standard score below 50 was considered to indi-
cate absence of depressive and anxiety symptoms. These
scales are valid and reliable instruments for use with
Chinese samples.24 25

Assessment of glycaemic control
All fasting venous blood samples were drawn between
08:00 and 09:00. HbA1c level was assayed using high-
performance liquid chromatography (Bio-Rad
Diagnostic Group, California, USA) and was used as the
index for glycaemic control. A level of HbA1c <7.0%
(54 mmol/mol) was defined as good glycaemic control
based on the Chinese Type 2 Diabetes Prevention and
Control 2010 Guidelines; a level of HbA1c ≥7.0% was
considered poor glycaemic control.21

Assessment of other variables
Age, sex, marital status, physical activities, net household
income, level of education, cigarette smoking, alcohol
consumption, years since diabetes diagnosis, number of
comorbidities, number of diabetic complications and
insulin use were assessed using a standardised question-
naire. The number of diabetic complications was deter-
mined by participants’ reports of diagnosed coronary
artery disease, peripheral vascular disease, stroke,
nephropathy, retinopathy or neuropathy. Body height
(to the nearest 0.1 cm) and weight (to the nearest
0.1 kg) in light indoor clothing were measured. Body
mass index (kg/m2) was calculated, and categorised as
underweight (<18.5 kg/m2), normal weight (18.5–
23.9 kg/m2) and overweight/obese (≥24.0 kg/m2).26

Sleep quality was assessed with the Pittsburgh Sleep
Quality Index (PSQI).27 Previous research with Chinese
participants indicates that PSQI scores of <7 and ≥7 can
be defined as ‘good sleep quality’ and ‘poor sleep
quality’, respectively, and that the scale has a diagnostic
sensitivity of 98.3% and specificity of 90.2% in differenti-
ating between people with sleep quality problems and
those without.28

Statistical analysis
All statistical analyses were performed using SPSS V.16.0
(SPSS, Chicago, USA). Continuous variables were
expressed as mean±SD. Categorical variables were
expressed as absolute values and percentages. Differences
in continuous variables were tested using the F test or the
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t-test, and differences in categorical variables were assessed
using the Pearson χ2 test. Logistic regression analysis was
used to evaluate depressive and anxiety symptoms, singly or
combination, in relation to glycaemic control, adjusted for
age (continuous), sex (male or female), educational level
(lower than high school, high school or greater), marital
status, physical activities (yes or no), net household income
(continuous), cigarette smoking (yes or no), alcohol con-
sumption (yes or no), years since diabetes diagnosis (con-
tinuous), comorbidities (yes or no), diabetic complications
(yes or no), poor sleep quality (yes or no) and insulin use
(yes or no). ORs and 95% CIs were calculated. Variance
was calculated using the Taylor series linearisation method,
which leads to an asymptotically unbiased estimate. The
minimum statistical significance level for all analyses was
p<0.05.
To estimate the interaction between depressive symp-

toms and anxiety symptoms, we created three new vari-
ables: (1) anxiety symptoms score <50=no and
depressive symptoms=yes versus other confounders; (2)
anxiety symptoms score ≥50=yes and depressive symp-
toms=no versus other confounders; and (3) anxiety
symptoms score ≥50=yes and depressive symptoms=yes
versus other confounders.29 30

The relative excess risk due to interaction (RERI), the
attributable proportion due to interaction (AP) and the
synergy index (S) were used to estimate biological inter-
actions.30 The RERI is the excess risk attributed to inter-
action relative to the risk without exposure. AP refers to
the attributable proportion of disease caused by inter-
action in participants with both exposures. S is the excess
risk from both exposures when there is a biological inter-
action relative to the risk from both exposures without

interaction. In the absence of additive interactions, RERI
and AP are equal to 0.31 The current study refined the
criteria as either a statistically significant RERI >0 or S >1,
AP >0 to indicate biological interactions.

RESULTS
General characteristics of participants
The mean age of participants was 63.9±10.2 years, and
58.6% were women. The mean age of non-respondents
was 64.5±10.3 years, and 58.9% were women. There were
no significant age or sex differences between partici-
pants and non-respondents (p>0.05). Table 1 shows the
general characteristics of participants.

Prevalence and factors associated with depressive and
anxiety symptoms
Of the 893 participants, 56.1% (501) had anxiety symp-
toms and 43.6% (389) had depressive symptoms (table 1).
Table 2 shows factors related to depressive and anxiety
symptoms among participants with T2DM. Participants
who were women, with lower income, chronic disease,
depression and poor sleep quality were more likely to
show anxiety symptoms. Participants who were women,
older, single, with a low educational level, more diabetes
complications, anxiety symptoms and poor sleep quality
were more likely to show depressive symptoms.

Impact of depressive and anxiety symptoms on glycaemic
control
Table 3 shows the general characteristics of glycaemic
control. The rate of good glycaemic control was 23.9%
(213/893). The rates were 19.8% (99/501) and 29.1%

Table 1 Distribution of general characteristics of the participants

Anxiety Depression

Variables All (n=893) Yes (501) No (392) p Value Yes (389) No (504) p Value

Sex (female) 523 (58.6) 336 (67.1) 187 (47.7) <0.01 313 (80.5) 210 (41.7) <0.01

Age (years) 63.9±10.2 65.1±10.3 62.3±9.9 <0.01 65.4±10.1 62.7±10.4 <0.01

Above high school 82 (9.2) 35 (7.0) 47 (11.6) <0.05 17 (4.4) 65 (12.9) <0.01

No spouse 136 (15.2) 62 (12.4) 74 (18.9) <0.01 84 (21.6) 52 (10.3) <0.01

Regular exercise 684 (76.6) 393 (78.4) 291 (74.2) >0.05 281 (72.2) 403 (80.0) <0.01

Income above

population average (%)

220 (24.6) 106 (21.2) 114 (29.1) <0.01 71 (18.3) 149 (29.6) 0.21

BMI, mean (SD) 23.9±2.7 24.2±2.9 23.1±2.6 <0.01 24.4±3.0 23.3±2.7 <0.01

Disease duration in

years, median (SD)

5.6±5.1 6.4±5.2 4.7±4.2 <0.01 6.1±5.1 5.2±4.8 0.006

Comorbidities 326 (36.5) 201 (40.1) 125 (31.8) <0.05 165 (42.4) 161 (31.9) <0.01

Complications 232 (26.0) 147 (29.3) 85 (21.7) <0.01 135 (34.7) 97 (19.2) <0.01

Smokers 133 (14.9) 87 (17.4) 46 (11.7) <0.05 71 (18.3) 62 (12.3) <0.05

Drinkers 112 (12.5) 72 (14.4) 40 (10.2) >0.05 37 (9.5) 75 (14.9) 0.03

Depression 389 (43.6) 342 (68.3) 47 (11.98) <0.01 – – –

Anxiety 501 (56.1) – – – 342 (87.9) 47 (9.3) <0.01

PSQI ≥7 305 (34.2) 236 (47.1) 69 (17.6) <0.01 216 (55.5) 89 (17.7) <0.01

Using insulin 117 (13.1) 69 (13.8) 48 (12.2) 0.11 51 (13.1) 66 (13.1) 0.42

‘Comorbidities’ refers to diseases accompanying diabetes and ‘Complications’ refers to diseases caused by diabetes. All figures are n (%)
unless otherwise indicated.
BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index.
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Table 2 Results of logistic regression analysis showing risk factors associated with anxiety and depression symptoms in

patients with diabetes

Variable β SE Wald p Value OR 95% CI

Anxiety

Female 0.523 0.208 6.31 0.01 1.687 1.122 to 2.538

Income above population average −0.562 0.255 4.87 0.03 0.570 0.346 to 0.939

Long disease duration 0.759 0.259 8.62 0.00 2.136 1.287 to 3.546

Depression 1.113 0.215 26.88 0.00 3.044 1.999 to 4.637

Poor sleep quality 0.523 0.182 8.46 0 1.687 1.186 to 2.401

Age 0.186 0.114 2.73 0.10 1.188 0.969 to 1.472

No spouse 0.145 0.113 1.62 0.20 1.153 0.933 to 1.442

Above high school −0.089 0.172 0.271 0.60 0.914 0.653 to 1.281

Regular exercise −0.021 0.083 0.09 0.77 0.983 0.834 to 1.153

BMI 0.330 0.462 0.51 0.47 1.391 0.562 to 3.443

Smoking 0.368 0.250 2.16 0.14 1.444 0.884 to 2.359

Drinking 0.207 0.242 0.73 0.39 1.230 0.765 to 1.978

Comorbidities 0.124 0.173 0.52 0.47 1.133 0.880 to 1.588

Complications 0.850 0.543 2.44 0.12 2.339 0.816 to 6.785

Using insulin 0.007 0.076 0.01 0.93 1.007 0.867 to 1.168

Depression

Female 0.523 0.18 8.46 0 1.687 1.186 to 2.401

Age (year) 0.64 0.276 5.37 0.02 1.896 1.104 to 3.257

Primary school and illiteracy 0.999 0.479 4.36 0.04 2.717 1.063 to 6.940

No spouse 0.503 0.254 3.92 0.05 1.654 1.005 to 2.721

Complications 0.574 0.159 13.08 0 1.775 1.301 to 2.423

Anxiety 1.285 0.164 61.3 0 3.616 2.621 to 4.988

Poor sleep quality 0.929 0.285 10.65 0 2.532 1.449 to 4.424

Income above population average −0.378 0.237 2.54 0.11 0.685 0.431 to 1.091

Regular exercise −0.415 0.227 3.26 0.07 0.661 0.423 to 1.031

BMI 0.066 0.198 1.09 0.74 1.068 0.724 to 1.575

Long disease duration 0.259 0.213 1.48 0.22 1.296 0.854 to 1.967

Smoking 0.049 0.062 0.64 0.42 1.051 0.931 to 1.186

Drinking −0.210 0.239 0.77 0.38 0.811 0.508 to 1.294

Comorbidities 0.793 0.613 1.670 0.19 2.210 0.664 to 7.354

Using insulin 0.084 0.228 0.135 0.71 1.087 0.696 to 1.699

BMI, body mass index.

Table 3 General characteristics of glycaemic control in participants

Glycated haemoglobin

Variables All (n=893) <7.0% (n=213) ≥7.0% (n=680) p Value

Sex (female) 523 (58.6) 112 (52.6) 411 (60.4) 0.003

Age (SD) 63.9±10.2 60.51±10.01 65.01±10.26 <0.01

Above high school 82 (9.2) 24 (11.3) 58 (8.5) 0.17

No spouse 136 (15.2) 19 (8.9) 117 (17.2) 0.006

Regular exercise 684 (76.6) 177 (83.1) 507 (74.6) <0.05

Income above population average (%) 220 (24.6) 50 (23.5) 170 (25.0) 0.80

BMI, mean (SD) 23.9±2.7 22.9±2.6 24.4±2.9 <0.01

Disease duration in years, median (SD) 5.6±5.1 5.4±4.9 5.9±5.3 0.218

Comorbidities 326 (36.5) 75 (35.2) 251 (36.9) 0.79

Complications 232 (26.0) 48 (22.5) 184 (27.1) 0.48

Smokers 133 (14.9) 33 (15.5) 100 (14.7) 0.51

Drinkers 112 (12.5) 35 (16.4) 77 (11.3) 0.02

Anxiety ≥50 501 (56.1) 99 (46.5) 402 (59.1) <0.01

Depression ≥50 389 (43.6) 75 (35.2) 314 (46.2) <0.01

PSQI ≥8 305 (34.2) 52 (24.4) 253 (37.2) <0.01

All figures are n (%) unless otherwise indicated.
BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index.

4 Sun N, et al. BMJ Open 2016;6:e012540. doi:10.1136/bmjopen-2016-012540

Open Access



(114/392) in participants with and without anxiety
symptoms, respectively (χ2=10.52, p<0.01), with an OR
of 1.42 (95% CI 1.07 to 1.85, p=0.012) after adjustment
for age, sex, educational level, marital status, physical
activities, net household income, cigarette smoking,
alcohol consumption, poor sleep quality, depressive
symptoms, years since diabetes diagnosis, comorbidities,
diabetic complications and insulin use. The rates of
good glycaemic control were 19.3% (75/389) and 27.4%
(138/504) in participants with and without depressive
symptoms, respectively (χ2=7.93, p<0.01), with an OR of
1.41 (95% CI 1.02 to 1.67, p=0.036) after adjustment for
age, sex, educational level, marital status, physical activ-
ities, net household income, cigarette smoking, alcohol
consumption, poor sleep quality, anxiety symptoms,
years since diabetes diagnosis, comorbidities, diabetic
complications and insulin use. For the combination of
depressive symptoms and anxiety symptoms, the rate of
good glycaemic control was 29.9% (103/345) in patients
with neither depressive symptoms nor anxiety symptoms,
22.0% (35/159) in those with anxiety symptoms only
(χ2=3.37, p>0.05), 23.4% (11/47) in those with depres-
sive symptoms only (χ2=0.83, p>0.05) and 18.7% (64/
342) in those with depressive symptoms and anxiety
symptoms (χ2=11.59, p<0.01; figure 1).
Compared with patients with neither depressive symp-

toms nor anxiety symptoms, those with depressive symp-
toms or anxiety symptoms only did not have a higher
risk of poor glycaemic control. Participants with depres-
sive symptoms and anxiety symptoms had a 1.67-fold
increased risk of poor glycaemic control compared with
those with neither depressive symptoms nor anxiety
symptoms (figure 1).
There was an additive interaction between depressive

symptoms and anxiety symptoms (RERI: 4.93, 95% CI
2.09 to 7.87; AP: 27%, 95% CI 12% to 45%) in relation
to glycaemic control (table 4). Therefore, the OR of
poor glycaemic control in participants with depressive
symptoms and anxiety symptoms was 4.93 times higher
owing to the additive interaction, compared with

participants with neither depressive symptoms nor
anxiety symptoms, with 27% of poor glycaemic control
attributed to the interaction of depressive symptoms and
anxiety symptoms. The S was 1.41 (95% CI 1.22 to 1.66);
the 1.41-fold excess risk of poor glycaemic control could
be explained by the combination of depressive symp-
toms and anxiety symptoms.

DISCUSSION
In contrast with previous findings,17 18 our Chinese par-
ticipants with T2DM had a higher prevalence of depres-
sive and anxiety symptoms, and we identified different
factors associated with depressive and anxiety symptoms.
Furthermore, there was an additive interaction between
depressive and anxiety symptoms in relation to poor gly-
caemic control.
We found that the prevalence of anxiety and depres-

sive symptoms in patients with T2DM was 56.1% and
43.6%, respectively; these figures are consistent with
reports from other countries.32 33 However, we found a
higher prevalence of anxiety symptoms in patients with
T2DM than that reported in other Chinese studies.17 18

The prevalence of depressive symptoms was consistent
with previous findings from China,33 34 but higher than
results reported from a Shanghai study9 and studies
from four other major Chinese cities.19 These discrepan-
cies might be a result of different living habits, good
health management and treatment in large Chinese
cities,35 or differences in screening instruments or sam-
pling methods.
Our results provide evidence that patients with T2DM

with depressive and anxiety symptoms can experience
poor sleep quality. Although no relationship between
poor sleep quality and anxiety or depressive symptoms
has been reported for the general population or for
people with chronic diseases,36 37 poor sleep quality may
be more common in patients with T2DM.20

Our findings are consistent with research showing an
association between being woman and anxiety or depres-
sive symptoms.6 10 32 38 This sex difference could be due
to lifestyle differences. In Chinese society, women

Table 4 Estimates of biological interaction between

anxiety and depression symptoms and their effects on

glycaemic control in participants with T2DM

Measures of biological interaction Estimate (95% CI)

RERI 4.93 (2.09 to 7.87)

AP 0.27 (0.12 to 0.45)

S 1.41 (1.22 to 1.66)

Reference group: anxiety symptom score <50 and depressive
symptom score <50. Models were adjusted for age, sex, education
level, marital status, exercise, income, BMI, disease duration,
comorbidity, complications, smoking, drinking, insulin use and
poor sleep quality.
AP, attributable proportion due to interaction; BMI, body mass
index; RERI, relative excess risk due to interaction; S, synergy
index; T2DM, type 2 diabetes mellitus.

Figure 1 Odds ratios for the association between

depression and glycaemic control by anxiety symptoms in

participants with T2DM. T2DM, type 2 diabetes mellitus.
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normally spend most of their time at home, which may
lead to lower physical activity and poor eating habits.39 It
is also possible that women’s social role allows them to
be more emotional and extroverted than men.32

Hormone theory may also provide a useful framework
for interpreting this finding. After the age of 30 years,
oestrogen gradually decreases in women,40 resulting in a
decline in well-being.40 41 According to this theory, disor-
ders may result from a combination of genetic and envir-
onmental factors. For disorders that show sex
differences in prevalence rates (as is the case for anxiety
disorders in people with diabetes), the sex with the
lower prevalence demonstrates a higher threshold, and
thus requires a greater number of environmental factors
or genetic defects to manifest the disorder. Another pos-
sible reason for the sex difference in our findings is that
the survey data for men were not reliable.
Trento et al38 reported an association between

comorbid anxiety disorders and increased depressive
symptoms in patients with T2DM. Our study also showed
an association between anxiety symptoms and depressive
symptoms. One potential interpretation is that anxiety
symptoms and depressive symptoms are positively corre-
lated in chronic diseases.42 Depression-related symptoms
can magnify symptoms of anxiety.43

Our results revealed a negative association between
higher income and anxiety symptoms in participants
with T2DM. Research indicates that sources of stress
such as greater levels of poverty, financial difficulties and
other economic problems could cause feelings of inse-
curity, thereby increasing the risk of developing anxiety
symptoms.32 44

Consistent with other studies,10 31 we found that dia-
betes duration was significantly associated with higher
anxiety scores. This may be because chronic disease sig-
nificantly increases the risk of developing diabetic com-
plications and increases healthcare expenditure;45 as a
result, such patients are more likely to develop psycho-
logical illnesses.46

In the present study, age was an independent factor
associated with depressive symptoms, consistent with pre-
vious findings.32 47 Older people face many challenges,
such as isolation and increased health problems and dis-
abilities, making them more likely to develop psycho-
logical problems.48

Consistent with previous research findings,32 49 we
found that a lower educational level was associated with
a higher depression rate. In developing countries, lower
educational level is associated with a lack of social secur-
ity,49 poorer understanding and knowledge about the
prevention and control of diabetes and an increased
likelihood of developing depression.
Mikaliūkštienė et al reported that marital status was

associated with depression prevalence;37 this is consistent
with the present results. The older a person is, the more
likely they are to be a widow or widower. Older people
are therefore more likely to be single and to experience
psychological disorders.

Complications of diabetes are associated with depres-
sion46 and we found that this was an independent pre-
dictor of depressive symptoms. Diabetes complications
such as sexual dysfunction, painful peripheral neur-
opathy, neuropathy and nephropathy may increase sus-
ceptibility to depression.50 51

Previous cross-sectional and longitudinal studies are
inconclusive regarding the associations between anxiety
or depressive symptoms and glycaemic control. Some
studies have reported that anxiety and depressive symp-
toms are associated with poorer glycaemic control.52–54

Consistent with our own results, other studies have
found no association between anxiety or depressive
symptoms and glycaemic control.55–58 However, our find-
ings indicate a combined impact of depressive symptoms
and anxiety symptoms on glycaemic control. One possi-
bility is that the coexistence of depressive and anxiety
symptoms aggravates the dysregulation of the hypothal-
amic–pituitary–adrenal axis,52 59 resulting in elevated
blood glucose. The dysregulation of the hypothalamic–
pituitary–adrenal axis is weaker when experiencing
anxiety or depression singly; this impairs diabetes self-
management but does not necessarily lead to poor
blood sugar control.
The strengths of the current study are that we used a

community-based multistage sampling design, large
sample size and randomly selected participants. However,
the study has several limitations. First, the cross-sectional
design does not allow us to determine causal relation-
ships between depressive symptoms, anxiety symptoms
and poor glycaemic control. Second, it is possible that
some participants were misclassified, as self-report instru-
ments were used to assess anxiety and depression symp-
toms. Third, we did not measure dietary intake, which
may partly contribute to anxiety and depression.60 61

CONCLUSIONS
In summary, our study revealed a high prevalence of
depressive and anxiety symptoms in a large sample of
the Chinese population suffering from T2DM. Female
patients and those with poor sleep quality were more
likely to show depressive and anxiety symptoms. In add-
ition, anxiety symptoms were more frequent in partici-
pants with low income and chronic diseases, and
depressive symptoms were more frequent in older, single
participants, and those with low educational level and
diabetes complications. Depressive or anxiety symptoms
are not singly associated with poor glycaemic control in
patients with T2DM; however, there is a combined
impact of depressive symptoms and anxiety symptoms
on poor glycaemic control. It is necessary to screen
depressive and anxiety symptoms using psychiatric diag-
noses to prevent and control these symptoms in patients
with T2DM.
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