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Abstract

Objective: The purpose of this study was to investigate negative emotions and factors related to

the risk of mental disorders in individuals with prediabetes and hypertension.

Methods: A total of 504 community-dwelling adult men and women in Suzhou, China, were

enrolled and questionnaires used to obtain sociodemographic data, anxiety and depression

scores, and current status of common metabolic indicators, including blood glucose level and

blood pressure.

Results: Anxiety and depression scores in participants with prediabetes and hypertension were

significantly higher than those in participants with normal blood glucose levels and normal blood

pressure. Correlation analysis revealed that age, sex, smoking, duration of disease, physical activ-

ity, blood pressure and fasting plasma glucose levels were key factors accelerating the progression

to both anxiety and depression in all participants.

Conclusions: More attention should be paid to negative emotions in individuals with prediabe-

tes and hypertension. These findings could help to inform health providers in developing inter-

ventions for this population.
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Introduction

The prevalence of prediabetes is increasing
worldwide. It has been estimated that over
470 million people will have prediabetes by
2030,1 and most people with prediabetes go
on to develop type 2 diabetes within 6
years.2,3 The situation is more serious in
China; the prevalence of diabetes is 10.4%
(about 1.5 billion people) and half the adult
population is prediabetic.4 Moreover, indi-
viduals with prediabetes, also known as
intermediate hyperglycemia, are at high
risk for developing cardiovascular disease,
cancer and neuropathy.5,6 The prevalence
of hypertension in China has increased
sharply from 5.1% (1959) to 27.9%
(2015).7 More importantly, even slightly
elevated blood pressure is associated with
an increased risk of myocardial infarction,
heart failure, stroke and chronic renal fail-
ure.8 Therefore, prevention is important in
reducing the burden associated with diabe-
tes and hypertension.9,10

Many studies indicate an increased like-
lihood of negative emotions such as anxiety
and depression in people with prediabetes
and hypertension.11–14 Negative emotions
can affect the endocrine system through
the hypothalamus–pituitary–adrenal axis
(the sympathetic nervous system) by
increasing blood sugar and blood pressure,
aggravating disease conditions and leading
to complications.15 Research has shown
that prediabetes and hypertension lead to
physiological dysfunction and mental disor-
ders.16,17 One previous study found that
prediabetes combined with negative emo-
tions (mainly anxiety and depression) may
facilitate the progression to diabetes and
negatively influence the efficacy of lifestyle
interventions for high-risk adults.18

Negative emotions not only directly affect
patients’ quality of life, but may also have a
negative effect on self-management ability,
medication compliance and blood sugar
control in diabetic patients, and increase

the risk of cardiovascular events and mor-
tality19,20 However, there is no information

on the frequency of negative emotions in
patients with prediabetes and hypertension

in the Chinese community. Therefore, this
observational study aimed to investigate the

prevalence of negative emotions and identi-
fy possible factors influencing the risk of

mental disorders in individuals with or
without prediabetes and hypertension

from communities in Suzhou, China.

Methods

Study design and participants

Adults were recruited from two communi-
ties in Suzhou, China. Convenience sam-

pling was used to select participants.
Individuals were excluded if they were preg-

nant or had a history of diabetes, congestive
heart failure, coronary heart disease,

angina, heart attack, stroke, prescribed psy-
chiatric medication or psychiatric disorders.

A total of 504 adults with no previous his-
tory of diabetes were recruited sequentially

from Jul 2016 to Dec 2018. All enrolled
participants were 18 to 79 years old.

Written informed consent was obtained
from all participants.

The experimental protocol was approved
by the human research ethics committee of

Suzhou Vocational Health College.

Prediabetes and hypertension screening

Glucose metabolism status was determined

for all participants using an oral glucose
tolerance test (OGTT). Multiple blood

pressure measurements were also taken.
Briefly, participants were instructed to

maintain their physical activity and diet as
usual for at least 3 days prior to laboratory

examinations. After 12 hours of overnight
fasting, fasting blood samples were

obtained to measure plasma glucose. After
participants had taken a standard 75-g
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glucose solution, their plasma glucose was
measured at 30 minutes, 1 hour and 2 hours
post-glucose challenge. On the same day,
right brachial artery blood pressure was
measured using an electronic sphygmoma-
nometer (Omron, Dalian, China) when the
participant was sitting calmly.

Fifty-four participants were diagnosed
with new-onset diabetes and excluded
from the study. Fifty-six participants were
diagnosed as prediabetic according to the
Diabetes Prevention and Cure Guideline
of China (DPCGC) 2017 criteria.4 These
participants were divided into three sub-
groups: (1). Impaired fasting glucose
group with fasting plasma glucose �6.1
mmol/L (110 mg/dL) but <7.0 mmol/L
(126 mg/dL), and plasma glucose at 2
hours post-OGTT <7.8 mmol/L (140 mg/
dL); (2) Impaired glucose tolerance group
with plasma glucose at 2 hours post-OGTT
�7.8 mmol/L (140 mg/dL) but <11.1
mmol/L (199 mg/dL), and fasting plasma
glucose <6.1 mmol/L (110 mg/dL); (3)
IFG combined with IGT group.

Eighty-four participants were diagnosed
with hypertension according to a 2015
China hypertension grassroots administra-
tion guide21; 23 participants were diagnosed
with both prediabetes and hypertension.
Thus, the remaining 287 participants had
normal levels of both blood glucose and
blood pressure.

Assessment of anxiety and depression

Anxious and depressive symptoms were
assessed using the Zung Self-Rating
Anxiety Scale (SAS)22 and the Zung Self-
Rating Depression Scale (SDS),13 respec-
tively. Both scales consist of 20 items that
assess the degree and frequency of anxious
and depressive symptoms during the past 2
weeks. For each item, symptom severity is
rated as 1¼ never/very rarely/rarely; 2¼
once in a while/some of the time/occasion-
ally; 3¼ relatively often/very often/often;

4¼most of the time/always/almost

always. The final SAS/SDS scores for indi-

vidual participants were calculated by sum-

ming scores on all 20 items. Anxiety and

depression status was evaluated as normal

range (<53 points); presence of minimal to

mild anxiety/depression (53–62 points);

presence of moderate to marked anxiety/

depression (63–72 points); and presence of

severe to extreme anxiety/depression (�73

points).

Data collection

All participants were asked to complete a

self-report questionnaire with instructions

from trained staff. The questionnaire

assessed age, height, body weight, smoking,

drinking, family history of diabetes and/or

hypertension, body mass index (BMI), edu-

cation level, disease duration and family

income. Smoking and drinking history was

defined as having smoked at least 100 ciga-

rettes and consumed >5 g of alcohol per

day over the lifetime, respectively. BMI

was calculated as weight in kilograms divid-

ed by height in square meters. Educational

levels were categorized as primary school or

below, high school, and college or above.
All investigators and staff members were

trained according to the research protocol

to be familiar with the study aim, the col-

lection of anthropometric data, the tools

and methods used for measurement of

blood pressure and blood glucose, and the

detailed instructions on completing the

study questionnaires.

Statistical analysis

Data are expressed as the mean� standard

deviation or percentage values as appropri-

ate. The difference between groups was

analyzed using the chi-square test or one-

way analysis of variance. The potential

associations between variables were ana-

lyzed using Pearson linear correlation
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analysis or Spearman linear correlation

analysis. The potential influencing factors

were determined using multinomial linear

regression analysis using SPSS for

Windows 15 (SPSS Inc., Chicago, IL,

USA). A two-tailed P-value of <0.05 was

considered statistically significant.

Results

Participant demographic and clinical

characteristics

A total of 450 participants were included in

the study and they were classified into four

subgroups: G1 (participants with hyperten-

sion, n¼ 84), G2 (participants with predia-

betes, n¼ 56), G3 (participants with

hypertension combined with prediabetes,

n¼ 23) and G4 (participants without hyper-

tension or prediabetes, n¼ 287). Their dem-

ographics and characteristics are shown in

Table 1. There were no significant differen-

ces in drinking, family income, or disease

duration among the four subgroups.

However, there were significant differences

among the four subgroups in sex, age, edu-

cational levels, smoking, BMI, waist cir-

cumference (WC), physical activity, and

family history of diabetes and hypertension

(all P< 0.05).
The hypertension or prediabetes groups

ranked first and second, respectively, for the

percentage of participants aged >60 years.

There were significantly more participants

living a physically active life in the normal

participant group than in the hypertension

and/or prediabetes groups (G4: 75.5% vs

G1: 41.7%, G2: 44.6%, G3: 34.7%, respec-

tively, all P< 0.05). Of the four subgroups,

the normal participant group contained the

lowest percentage of participants who

smoked (G4: 39.4% vs G1: 66.7%, G2:

60.7%, and G3: 65.2%, all P< 0.05).

These data indicate that some important

factors, such as age, smoking habit and

lifestyle, are associated with the risk of

developing non-communicable diseases.

Anxiety and depression scores by health

status

Anxiety and depression scores in the differ-

ent groups are shown in Table 2. The mean

anxiety and depression scores for partici-

pants with hypertension and/or prediabetes

were significantly higher than for partici-

pants with normal blood glucose levels

and normal blood pressure (all P< 0.05).

Anxiety severity in participants with both

prediabetes and hypertension was signifi-

cantly higher than in those with hyperten-

sion alone (all P< 0.05). These results

demonstrate that participants with predia-

betes and/or hypertension are more likely to

experience negative emotional states than

normal participants.

Possible factors influencing the risk of

developing negative emotions

To further determine potential high-risk

factors for developing negative emotion in

Chinese adults, we analyzed the correla-

tions between anxiety/depression scores

and several factors (Table 3). Notably, the

severity of both anxiety and depression was

positively correlated with levels of fasting

plasma glucose, blood pressure, and WC.

Moreover, there were positive correlations

between anxiety and depression, respective-

ly, and age (both P< 0.05), duration of dis-

ease (both P< 0.05), and smoking habit

(P¼ 0.10, P< 0.05). Physical activity was

negatively correlated with the severity of

anxiety (P¼ 0.010) and depression

(P< 0.05) for all participants.

Regression models predicting the risk of

developing negative emotions

To explore which factors predicted the risk

of developing anxiety and depression, we
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further generated multinomial linear regres-

sion prediction models. The mean SAS and

SDS scores in the different subgroups were

the dependent variables. The results showed

that the risk of developing anxiety was pos-

itively predicted by sex, duration of disease,

fasting plasma glucose and diastolic blood

pressure (all P< 0.05), and depression was

positively predicted by duration of disease,

fasting plasma glucose and diastolic blood

pressure (all P< 0.05) (Table 4). Based on

the results of the linear regression analysis,

two regression equation prediction models

for anxiety and depression were established,

as follows (FPG: fasting plasma glucose;

DBP: diastolic blood pressure):

Anxiety ¼ 0:155 � Sexþ 0:446
� duration of disease
þ 0:135 � FPGþ 0:142 �DBP

Depression ¼ 17:556þ 0:408
� duration of disease
þ 0:133 � FPGþ 0:187 �DBP

Discussion

In this study, we first examined the distri-

bution of anxiety, depression, prediabetes

and hypertension in Chinese community-

dwelling adults in Suzhou, China. Data

analysis indicated that symptoms of

anxiety and depression in participants

with prediabetes were much more severe

than those in participants with hyperten-

sion. Moreover, participants with both pre-

diabetes and hypertension exhibited

the highest severities of anxiety and depres-

sion. An increasing body of evidence sug-

gests that prediabetes can lead to

substantial health problems, such as chron-

ic cardiovascular diseases, kidney damage

and diabetic retinopathy, which are attrib-

uted to insulin resistance, multipleT
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metabolic disorders and even genetic sus-
ceptibilities5,6,8. There are few satisfactory
treatment strategies to prevent or mitigate
the harmful consequences of prediabetes.

As a result, prediabetic patients in most
countries tend to be more anxious and
depressed, as they are confused about how
to manage this disease.23,24

Table 2. Anxiety and depression scores (means� standard deviations).

Group n Anxiety Depression

Control group 287 39.54� 9.686 37.83� 8.049

Prediabetes 56 53.04� 7.639* 51.88� 6.48*

Hypertension 84 51.51� 6.785* 50.24� 7.703*

Hypertension and prediabetes 23 55.87� 8.996*# 53.13� 8.002*#

Comparison with control group: *P< 0.05; comparison with hypertension group: #P< 0.05.

Table 3. Spearman correlation analysis of relationships between risk factors and negative emotion scores.

Anxiety Depression

r P-value r P-value

Sex 0.081 0.085 �0.073 0.124

Age 0.185 0.000 0.157 0.001

Family income �0.072 0.125 �0.039 0.412

Duration of disease 0.575 0.000 0.653 0.000

Education 0.056 0.238 0.072 0.128

Physical activity �0.122 0.010 �0.170 0.000

BMI 0.090 0.057 0.037 0.433

Drinking 0.014 0.774 �0.096 0.041

Smoking �0.121 0.010 �0.218 0.000

BMI: body mass index.

Table 4. Regression analyses of predictors of the risk for developing anxiety and depression.

B b P R2

Anxiety

(Constant) 3.801 0.705 0.356

Sex 3.416 0.155 0.000

Duration of disease 7.161 0.446 0.000

FPG 2.109 0.135 0.002

DBP 0.134 0.142 0.046

Depression

(Constant) 17.556 0.045 0.429

Duration of disease 6.056 0.408 0.000

FPG 1.922 0.133 0.001

DBP 0.163 0.187 0.005

FPG: fasting plasma glucose; DBP: diastolic blood pressure.
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A previous study by Yang25 has shown
that in China the prevalence of prediabetes
is much higher than that of diabetes (35.7%
vs 10.4%). Furthermore, the prevalence of
hypertension in China is gradually increas-
ing year by year. When an individual is told
that he or she has prediabetes and/or hyper-
tension, they will experience substantial
negative emotions. Interestingly, it has
been confirmed that disease-related knowl-
edge about lifestyle changes provided by
clinicians and nutritionists can help to alle-
viate depression and anxiety and improve
cognitive scores13,22 in patients with predi-
abetes and/or hypertension. Indeed, Li
et al.26 reported that an emphasis on the
importance of screening depressive predia-
betic patients could help to identify suscep-
tible individuals and improve their future
health outcomes. Hence, robust measures
are needed to increase disease awareness
in the prediabetic population, which
would help to reduce negative emotions
and delay the occurrence of type 2 diabetes.

De Mello27 found that people who did
not engage in sufficient physical activity
had a higher chance of exhibiting symptoms
of depression and anxiety when compared
with those who regularly engaged in physi-
cal activity. Several randomized controlled
trials have demonstrated that physical
activity and dietary changes can prevent
or delay the progress of prediabetes to dia-
betes.28,29 A recent study has also shown
that dietary habits, occupational stress
and WC are the main influencing factors
of prediabetes.30 Our data demonstrated
that participants older than 60 years who
smoked or had a physically inactive lifestyle
were more prone to developing prediabetes
and hypertension, which may further
increase the risk of developing negative
emotions. More importantly, physical
activity negatively correlated with anxiety
and depression scores in all participants
with prediabetes and/or hypertension.
These data suggest that more emphasis

should be placed on lifestyle improvements,
such as quitting smoking and increasing the
amount of exercise, especially for older
people.

Patients with diabetes and hypertension
are at high risk of experiencing negative
emotions such as pessimism owing to the
occurrence of life-threatening chronic com-
plications and reduced quality of life. Our
findings showed that both age and duration
of disease were positively related to anxiety
and depression levels. Patients with predia-
betes and/or hypertension who have longer
disease duration are particularly likely to
experience more anxiety symptoms.
Moreover, we found that higher blood pres-
sure and poorer blood glucose control are
more likely to accelerate the development of
subclinical cognitive and mood disorders
during the progression of the disease,
which is consistent with previous study
findings.31,32 All the data indicate that
more psychological care should be provided
for patients with prediabetes and/or hyper-
tension, especially for older patients with
longer disease duration.

Additional multiple linear regression
analyses revealed that females had higher
anxiety severity than males. Indeed,
Blümel showed that women are more
inclined to develop anxiety or depression
than men, which is consistent with our
data.33 Similarly, one previous study indi-
cated that women are more vulnerable to
psychological stress when facing life stress
events because of hormonal differences.34,35

These findings emphasize the importance of
psychological counseling for women, as
they are more likely to feel hopeless when
confronted with prediabetes and/or
hypertension.

It is worth noting that two prediction
equation models for anxiety and depression
risk were established, which mainly includ-
ed potential factors associated with the sus-
ceptibility to negative emotions. On the
basis of the findings, we conclude that for
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patients with longer duration of prediabetes
and/or hypertension, better glycemic and
blood pressure control could more effec-
tively prevent the development of negative
emotions.

Study strengths and limitations

To our knowledge, this is the first report on
the prevalence of negative emotions in
Chinese community-dwelling patients with
prediabetes and/or hypertension. More
importantly, our data indicate several pos-
sible risk factors for the development of
anxiety and depression in individuals sus-
ceptible to diabetes. Identification of these
factors may be very useful in developing
effective and feasible measures to prevent
disease-related chronic complications, such
as cardiovascular diseases and kidney dis-
ease. However, there were some study lim-
itations. First, the sample contained more
women because women retire 5 years earlier
than men in China. Second, the number of
participants may be insufficient owing to
the shortage of research funding. Finally,
a number of important variables were not
measured, such as hemoglobin A1c, total
cholesterol, high density lipoprotein and
low density lipoprotein.

Conclusion

Overall, we found that participants with
prediabetes or hypertension exhibited sig-
nificantly higher levels of anxiety and
depression than those without prediabetes
or hypertension. Participants with both pre-
diabetes and hypertension experienced
more anxious and depressive symptoms
than those with prediabetes or hypertension
alone. Aging, being female, longer disease
duration, smoking, inactive physical life-
style, and high levels of blood glucose and
blood pressure were risk factors for devel-
oping anxiety and depression in individuals
with prediabetes or hypertension. These

findings will be of great value in helping

both clinicians and nutritionists develop

more effective interventions to delay or pre-

vent the progress from prediabetes to dia-

betes in susceptible individuals.
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