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Objective: Little information is available on the prevalence and associated risk factors of diabetes and prediabetes in the community
located in Hangzhou city, Zhejiang Province, southeast China. This study aims to investigate the prevalence of adult diabetes and
prediabetes and their associated risk factors among a community population in Hangzhou.
Methods: A multistage sampling method was used in this study. Ten communities located in Shangcheng district of Hangzhou city
were selected, and 3096 permanent residents (resident for ≥6 months) aged 18 years and above were enrolled into this study. Finally,
a total of 2986 participants were included. A questionnaire interview and physical examination were conducted for all participants by
trained investigators in a local medical center. Anthropometric measurements covered height, weight, waist circumference (WC) and
blood pressure, while the blood tests included fasting blood glucose, an oral glucose tolerance test and fasting lipid profiles. The
American Diabetes Association diabetes diagnosis criteria were used to discriminate among normal blood glucose, diabetes and
prediabetes. The Rao–Scott adjusted χ2 test and complex sampling design-based unconditional multivariate logistic regression analysis
were used to evaluate factors associated with diabetes and prediabetes. Descriptive and inferential statistics were calculated in Stata
version 15. P-values <0.05 indicate statistical significance.
Results: The overall prevalence of diabetes was 13.97%, of which 81.54% had prediagnosed diabetes and 18.46% were newly
diagnosed with diabetes in the present study. The prevalence of prediabetes was 18.89%. Multivariable logistic regression analysis
showed that age, education, once smoking, family history of diabetes, obesity, central obesity and hypertension were factors associated
with diabetes, while age, smoking, drinking, central obesity and hypertension were significant factors related to prediabetes.
Conclusion: The prevalence of diabetes and prediabetes in adults in Hangzhou city remains high. Interventions aiming to modify risk
factors such as drinking, obesity, central obesity and hypertension are urgently required.
Keywords: diabetes, prediabetes, prevalence, associated factors

Introduction
Diabetes mellitus is not only a well-known leading cause of death but also an increasing burden on healthcare
worldwide.1,2 It was estimated that 451 million people aged 18–99 years had diabetes in 2017, and these figures are
expected to reach 693 million by 2045.3 Studies have proved that elevated blood sugar levels are associated with an
increased risk of cardiovascular disease and metabolic syndrome.4,5 The concept of prediabetes has been defined by the
American Diabetes Association as the presence of impaired fasting glucose (IFG) (fasting plasma glucose [FPG] levels
of 5.6–6.9 mmol/L) or impaired glucose tolerance (IGT) (2-hour values in the oral glucose tolerance test [OGTT] of 7.8–
11.0 mmol/L).6 Previous research has shown that prediabetes increases the risk of developing type 2 diabetes; according
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to the Diabetes Prevention Program (DPP), around 11% of people with prediabetes become diabetic annually.7,8

Moreover, prediabetes is associated with an increased risk of cardiovascular disease and all-cause mortality in adults.9

There is a high prevalence of diabetes and prediabetes in China. In the latest nationally representative cross-sectional
study, conducted in 2013, the overall prevalence of full diabetes was nearly 10.9%. The prevalence of prediabetes in
China is 35.7%,10 higher than in India (5.7%), South Korea (22.7%) and Saudi Arabia (27.6%).11–13 Although several
studies14–17 have focused on prediabetes and diabetes in China, marked ethical and geographical differences exist in the
prevalence of both prediabetes and diabetes. Meanwhile, surveys have rarely been conducted on the prevalence of
diabetes and prediabetes and their associated factors in community populations in Hangzhou, a city located in the
Yangtze river delta, southeast China. To provide reliable data and suggestions to local medical policy makers, this study
aims to estimate the prevalence of diabetes and prediabetes and explore their potential associated risk factors in
Shangcheng district, Hangzhou city.

Design and Methods
Study Design
This community-based cross-sectional study was conducted in Shangcheng district, Hangzhou city, located in southeast
China. This study adopted a multistage sampling method to select adult permanent residents in the target area. First, 10
communities were selected from 54 communities in this region using a simple random sampling method. Secondly,
permanent residents (only people who had been living in Shangcheng district for at least 6 months) in the selected
communities who were ≥18 years old were enrolled by a systematic sampling method. The following subjects were
removed: 1) those who had been living in Shangcheng district for less than 6 months; and 2) those who had a mental
illness that would prevent them from completing questionnaires and physical tests independently. In total, 3096
participants completed the interview; after excluding invalid questionnaires, 2986 participants were finally included in
the study. Written informed consent was obtained from all subjects in the survey.

Questionnaire Investigation
The interview was conducted by trained investigators in a local health center using structured questionnaires. The
questionnaires included questions on participants’ socio-demographic characteristics, health-related information and
lifestyle information. Each questionnaire was examined by the interviewer through a parallel double-entry system after
being completed by participants.

Physical Examination
Trained investigators conducted the physical examination, which consisted of anthropometric measurements, including
weight and height, fasting blood glucose (FBG), blood pressure and blood lipid levels. Blood samples were collected
from participants after an overnight fast of 10 hours or more. After collection, the samples were placed in a cold-chain
system before being tested at a local medical center laboratory.

Definition of Variables
Diabetes: FBG ≥7.0 mmol/L, oral glucose tolerance test (OGTT-2h) ≥11.0 mmol/L plasma glucose or self-reported use of
antidiabetic medication during the 2 weeks prior to the examination. Prediabetes: FBG 5.6–6.9 mmol/L, OGTT-2h 7.8–
10.9 mmol/L.18

Hypertension: systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg.19

Dyslipidemia: total cholesterol (TC) ≥6.2 mmol/L and/or triglyceride (TG) ≥2.3 mmol/L and/or high-density
lipoprotein cholesterol (HDL-C) ≤1.0 mmol/L and/or low-density lipoprotein cholesterol (LDL-C) ≥4.1 mmol/L.20

Body mass index (BMI): for the Chinese population, a BMI of 18.5–23.9 kg/m2 is defined as normal, underweight is
defined as a BMI <18.5 kg/m2, overweight is defined as a BMI of 24–27.9 kg/m2 and obesity as a BMI ≥28 kg/m2.21

Central obesity: for the Chinese population, central obesity is defined as a waist circumference (WC) measurement of
>85 cm for females and >90 cm for males.22
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Age groups: three categories of young (18–44 years), middle (45–59 years) and old (60 years and older).
Smoking: a smoker was defined as a person who smoked at least one cigarette per day within the last 6 months; once

smoking was defined as a person who smoked at least one cigarette per day in the past, but was no longer a smoker.
Secondhand smoker: a person who has been exposed to secondhand smoke in a typical week.23

Drinker: a person who consumed at least one alcoholic drink per week was defined as a drinker; a once-drinker was
defined as a person who consumed at least one alcoholic drink per week in the past, but was no longer a drinker.

Exercise: participants were divided into “never or rare”, meaning those who did not exercise or rarely exercised; those
who exercised one or two times a week were defined as “sometimes exercise”; and those with an exercise frequency of
more than three times a week were defined as “exercise frequently”.24

Statistical Analyses
Data analysis was performed in Stata 15.0 software (Stata Corporation LLC, College Station, TX, USA). Descriptive
analysis included the estimation of mean values and standard deviations for numerical variables. Frequency and
percentage were displayed for categorical variables and prevalence values. The Rao–Scott adjusted χ2 test was used to
compare the factors between diabetes or prediabetes and normal blood glucose. A complex sampling design based on
unconditional multivariate logistic regression analysis was carried out to estimate the independent effect of the factors on
diabetes and prediabetes. For all analyses, a P-value <0.05 was considered to be statistically significant.

Results
A total of 3096 participants were initially recruited and 2986 participants were finally included in this study, with
a 96.5% response rate. The general characteristics are shown in Table 1. There were 1345 men (45%) and 1641 women
(55%) in the present study. The mean age of the study population was 55.71 (SD: 18) years. Less than 15% of
participants had an educational level of primary school and below. Subjects with prediabetes, diabetes and normal
blood glucose had similar patterns of demographic characteristics, with the majority being married/cohabiting, never
smoking, never drinking and not being secondhand smokers. In total, 408 subjects (13.6%) had a family history of
diabetes. The mean BMI of those with normal blood glucose, prediabetes and diabetes was 22.54, 23.60 and 24.36 kg/m2,
respectively. The prevalences of hypertension, dyslipidemia and obesity were higher in participants with prediabetes or
diabetes than in the normal blood glucose group.

Among the participants in the present survey, the estimated prevalences of diabetes and prediabetes were 13.97% and
18.89%, respectively. Among the diabetic participants, 81.54% were previously diagnosed diabetic patients and 18.46%
were newly diagnosed in this study. Older participants showed a higher prevalence of prediabetes and diabetes than
young or middle-aged participants. Women showed a higher prevalence of prediabetes than men, while for men a higher
prevalence of diabetes was observed compared with women (Table 1).

As shown in Table 2, the significant factors for prediabetes were age, education, marriage, smoking, drinking, BMI,
central obesity, hypertension and dyslipidemia. Significant differences were observed in sex, age, education, marriage,
smoking, drinking, exercise, family history of diabetes, BMI, central obesity, hypertension and dyslipidemia between the
diabetes group and the normal blood glucose group (Table 2).

The complex sampling design-based unconditional multivariate logistic regression analysis uncovered that the
significant factors associated with prediabetes were age, smoking, drinking, central obesity and hypertension. The
significant factors associated with diabetes were age, educational level of undergraduate and above, once smoking,
family history of diabetes, obesity, central obesity and hypertension (Table 3).

Discussion
The prevalence of diabetes in the present study participants was 13.97%. According to a previous study, the prevalence of
total diabetes was 10.9% (95% CI, 10.4–11.5%) in a nationally representative cross-sectional survey conducted in
mainland China with 170,287 participants, which is lower than the prevalence of diabetes in this study.10 The prevalence
of prediabetes in the current study was higher than in populations in other Asian countries. A study in Pakistan reported
a prevalence of prediabetes of 14.4% in 2016–2017,25 and a cross-sectional study in Malaysia showed that the level of
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Table 1 General Characteristics of the Community Adult Population in Hangzhou City

Variables Strata Normal Blood Glucose Prediabetes Diabetes

N 2005 (67.1%) 564 (18.9%) 417 (14%)
Sex Men 868 (43.3%) 263 (46.6%) 214 (51.3%)

Women 1137 (56.7%) 301 (53.4%) 203 (48.7%)

Age Young 824 (27.6%) 104 (18.4%) 11 (2.6%)
Middle 646 (32.2%) 169 (29.9%) 111 (26.6%)

Old 535 (40.2%) 291 (51.7%) 295 (70.8%)

Education Primary school and below 235 (11.7%) 88 (15.6%) 117 (28.1%)
Junior middle school 486 (24.2%) 190 (33.7%) 155 (37.2%)

Senior middle school 447 (22.3%) 132 (23.4%) 91 (21.8%)
Undergraduate and above 837 (41.8%) 154 (27.3%) 54 (12.9%)

Marriage Single 329 (16.4%) 41 (7.3%) 6 (1.4%)

Married/cohabitation 1452 (72.4%) 438 (77.7%) 320 (76.7%)
Widowed/divorced/separated 224 (11.2%) 85 (15%) 91 (21.9%)

Smoking Never 1618 (80.7%) 442 (78.3%) 283 (67.9%)

Now 311 (15.5%) 81 (14.4%) 77 (18.5%)
Once 76 (3.8%) 41 (7.3%) 57 (13.6%)

Drinking Never 1514 (75.5%) 378 (67%) 267 (64%)

Now 448 (22.3%) 166 (29.4%) 124 (29.7%)
Once 43 (2.2%) 20 (3.6%) 26 (6.3%)

Secondhand smoker No 1724 (85.9%) 495 (87.8%) 361 (86.6%)

Yes 281 (14.1%) 69 (12.2%) 56 (13.4%)
Exercise Never or rare 1470 (73.3%) 422 (74.8%) 331 (79.4%)

Sometimes 377 (18.8%) 106 (18.8%) 75 (17.9%)

Frequently 158 (7.9%) 36 (6.4%) 11 (2.7%)
CHD No 1865 (93%) 521 (92.4%) 385 (92.3%)

Yes 140 (7%) 43 (7.6%) 32 (7.7%)

Stroke No 1862 (92.9%) 524 (92.9%) 383 (91.8%)
Yes 143 (7.1%) 40 (7.1%) 34 (8.2%)

Family history of diabetes No 1783 (88.9%) 502 (89%) 293 (70.3%)

Yes 222 (11.1%) 62 (11%) 124 (29.7%)
BMI Normal 1306 (65.1%) 298 (52.8%) 181 (43.4%)

Underweight 118 (5.9%) 21 (3.7%) 23 (5.5%)

Overweight 501 (24.9%) 205 (36.3%) 151 (36.2%)
Obesity 80 (4.1%) 40 (7.2%) 62 (14.9%)

Central obesity No 1662 (82.9%) 364 (64.5%) 232 (55.6%)

Yes 343 (17.1%) 200 (35.5%) 185 (44.4%)
Hypertension No 1537 (76.7%) 258 (45.7%) 129 (30.9%)

Yes 468 (23.3%) 306 (54.3%) 288 (69.1%)

Dyslipidemia No 1528 (76.2%) 372 (66%) 262 (62.8%)
Yes 477 (23.8%) 192 (34%) 155 (37.2%)

Blood lipids TG 4.76±1.08 5.07±1.03 4.81±1.27

(mmol/L) TC 1.51±0.84 1.65±0.9 1.88±1.36
HDL 1.48±0.40 1.43±0.39 1.33±0.31

LDL 2.64±0.75 2.79±0.81 2.59±0.82

Blood pressure SBP 122.76±11.95 128.91±14.06 130.11±13.26
(mmHg) DBP 73.64±6.9 75.56±8.54 75.01±7.49

Note: Categorical variables are expressed as counts (%); continuous variables are displayed as mean±SD.
Abbreviations: CHD, coronary heart disease; BMI, body mass index; TG, triglyceride; TC, serum total cholesterol; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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prediabetes reached 10.12%.26 In this study, the prevalence of prediabetes was 18.89%, almost 1.5 times the percentage
of participants with diabetes. In a sample of 18,362 Chinese adults in 2018, the prevalence of prediabetes was 19.8%,27

which is slightly higher than our observations. This reveals that in Hangzhou, nearly one in five adults have prediabetes,
and since it is a high-risk factor for the development of diabetes, the Chinese government should pay more attention to
prediabetic populations.

This study illustrated that increasing age, a family history of diabetes and obesity were factors significantly
associated with diabetes, which has a sound basis in the literature.28 In this study, a higher level of education is

Table 2 Comparison of Factors Between the Normal Blood Glucose Group and the Prediabetes or Diabetes Group

Variables Strata Prediabetes vs Normal Blood
Glucose

Diabetes vs Normal Blood
Glucose

Rao–Scott χ2 P Rao–Scott χ2 P
Sex Men 1.209 0.277 11.925 0.001

Women
Age Young 76.202 <0.001 200.456 <0.001

Middle

Old
Education Primary school and below 16.466 <0.001 55.226 <0.001

Junior middle school
Senior middle school

Undergraduate and above

Marriage Single 19.617 <0.001 41.788 <0.001
Married/cohabitation

Widowed/divorced/separated

Smoking Never 6.568 0.002 31.479 <0.001
Now

Once

Drinking Never 9.276 <0.001 19.551 <0.001
Now

Once

Secondhand smoker No 1.186 0.281 0.144 0.706
Yes

Exercise Never or rare 0.552 0.461 6.126 0.004

Sometimes
Frequently

CHD No 0.198 0.659 0.117 0.734

Yes
Stroke No 0.594 0.444 1.325 0.255

Yes

Family history of diabetes No 0.000 0.999 78.657 <0.001
Yes

BMI Normal 15.157 <0.001 44.110 <0.001

Underweight
Overweight

Obesity

Central obesity No 112.772 <0.001 125.267 <0.001
Yes

Hypertension No 242.692 <0.001 316.873 <0.001

Yes
Dyslipidemia No 20.306 <0.001 26.329 <0.001

Yes

Abbreviations: CHD, coronary heart disease; BMI, body mass index.
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a protective factor for diabetes, which may be related to the understanding of diabetes and the inclination to maintain
a healthy lifestyle.29 In addition, this study showed that central obesity (WC), hypertension and once smoking were also
significant risk factors for diabetes. People with an excess WC are more likely to have not only a metabolic disease but
also an increased risk of premature death.30,31 As an early signal of chronic disease, central obesity is more sensitive
than BMI.32 In line with previous studies, our study also supported that diabetes is associated with a high prevalence of
hypertension.33 The exact pathway through which hypertension increases the risk of diabetes has been illustrated in
a previous study.34 Comorbid hypertension and diabetes not only increases the risk of cardiovascular diseases among
patients,35 but also significantly impacts the management of both conditions. Community-based efforts such as the
national basic health service project have been implemented by Ministry of Health China to improve the screening,
diagnosis and treatment of chronic diseases (such as hypertension and diabetes), and will have an impact on early
detection, prompting the management and prevention of complications that negatively affect the quality of life of
patients. Similarly to a previous study, our study found that smoking cessation did not reduce the risk of diabetes; on the

Table 3 Multivariable Logistic Regression of Factors Associated with Prediabetes and Diabetes

Variables Strata Prediabetes vs Normal Blood
Glucose

Diabetes vs Normal Blood
Glucose

OR (95% CI) P OR (95% CI) P
Sex Men NA NA Ref.

Women NA NA 0.783 (0.573–1.070) 0.122
Age Young Ref. Ref.

Middle 1.543 (1.021–2.334) 0.040 5.991 (2.992–11.994) 0.000

Old 2.606 (1.592–4.266) 0.000 14.752 (6.812–31.949) 0.000
Education Primary school and below Ref. Ref.

Junior middle school 1.421 (0.958–2.107) 0.079 0.806 (0.569–1.141 0.219
Senior middle school 1.438 (0.935–2.210) 0.096 0.858 (0.577–1.276) 0.443

Undergraduate and above 1.427 (0.948–2.149) 0.087 0.594 (0.404–0.873) 0.009

Marriage Single Ref. Ref.
Married/cohabitation 1.088 (0.683–1.731) 0.718 1.235 (0.396–3.852) 0.712

Widowed/divorced/separated 1.131 (0.665–1.923) 0.643 1.443 (0.496–4.194) 0.494

Smoking Never Ref. Ref.
Now 0.682 (0.493–0.944) 0.022 1.062 (0.712–1.583) 0.765

Once 1.081 (0.642–1.819) 0.766 1.842 (1.040–3.262) 0.037

Drinking Never Ref. Ref.
Now 1.372 (1.073–1.755) 0.013 1.002 (0.748–1.342) 0.988

Once 0.934 (0.463–1.885) 0.847 0.967 (0.488–1.917) 0.922

Exercise Never or rare NA NA Ref.
Sometimes NA NA 1.028 (0.706–1.496) 0.884

Frequently NA NA 0.777 (0.310–1.948) 0.584

Family history of diabetes No NA NA Ref.
Yes NA NA 3.393 (2.466–4.667) 0.000

BMI Normal Ref. Ref.

Underweight 0.773 (0.408–1.464) 0.422 1.298 (0.774–2.177) 0.316
Overweight 1.132 (0.881–1.456) 0.326 1.130 (0.860–1.484) 0.373

Obesity 1.192 (0.717–1.981) 0.491 2.098 (1.205–3.654) 0.010

Central obesity No Ref. Ref.
Yes 1.734 (1.343–2.240) 0.000 1.724 (1.232–2.413) 0.002

Hypertension No Ref. Ref.

Yes 2.567 (2.062–3.197) 0.000 2.874 (2.206–3.746) 0.000
Dyslipidemia No Ref. Ref.

Yes 1.238 (0.976–1.570) 0.078 1.242 (0.920–1.678) 0.154

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; Ref., reference.
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contrary, adults who quit smoking had an increased risk for diabetes, which may be related to weight gain and systemic
inflammation.36

Age, central obesity, hypertension and drinking were significant factors associated with prediabetes in our study.
Similarly to the current study, a study conducted in Jilin, a province in northeast China, demonstrated that increasing
age and central obesity were the factors associated with prediabetes.27 In our study, it was found that not drinking is
a protective factor for prediabetes. Compared to the normal blood glucose group, the prediabetes group had a larger
prevalence of hypertension. Current recommendations and our study suggest a need to focus on the comorbidity of
diabetes and hypertension. However, the effect of combined prediabetes and hypertension on all-cause mortality may
be stronger among young and middle-aged people.37 A previous study, performed as part of the China Patient-
Centered Evaluative Assessment of Cardiac Events Million Persons Project, which enrolled 898,929 young and
middle-aged participants, showed a level of hypertension of 26.15%.38 It showed that more than one in four young
and middle-aged people in China had hypertension. Considering the comorbidity of prediabetes and hypertension in
young and middle-aged people, the Chinese government needs to pay attention to prediabetes and to provide proper
policies to reduce the trend of prediabetes and hypertension in the population, especially in young and middle-aged
people.

We were surprised that current smoking was negatively correlated with prediabetes. Two possible explanations for this
are given. 1) Despite the inflammatory burden imposed by smoking, nicotine and its metabolites, through 7-nicotinic
acetylcholine receptors, may exert anti-inflammatory effects. These effects have been documented elsewhere in leukocyte
cells and adipocytes, both in vitro39 and in vivo.40 2) A previous study showed that patients with predisposing hypertension,
who were newly diagnosed with diabetes, showed a higher tendency to continue smoking.41 In the present study, 54.26% of
the patients diagnosed with prediabetes also had hypertension, while only 23.3% of the normoglycemic population also had
hypertension. The association between smoking and prediabetes may be due to the high prevalence of smoking in
a hypertensive population. Further study is necessary to confirm the relationship between smoking and prediabetes.

Our study has several strengths. First, compared to previous studies from this region,42–44 this is the first study
looking at the prevalence and risk factors of prediabetes among a community population in Hangzhou city. The large
and representative study sample allowed us to estimate the prevalence of diabetes and prediabetes in this region. The
sample analyzed in this study was obtained with a multistage random sampling method to guarantee that the sample
was representative of the population in this region. The response rate was very high, and the use of a standardized
training manual to train the research assistants allowed a consistent and systematic method of collecting the data,
which increased the reliability of the measurements. Secondly, statistical methods matched to the study design were
used to accurately derive factors associated with diabetes or prediabetes. Finally, the study reached conclusions about
the relationship between smoking and prediabetes that are inconsistent with other studies,45,46 and these may provide
us with some ideas for future research. Nonetheless, there are several limitations in our study. The use of self-
reported information, such as drinking, smoking and taking exercise, may lead to recall bias. The inherent features of
the cross-sectional design of the study limit any potential inference of causality and temporal relationships between
the variables, which may lead to selection bias. In addition, the study did not distinguish between type I and type 2
diabetes, although most participants had type 2 diabetes, and considering the small number of cases of newly
diagnosed diabetes, we did not explore this further. Future research with a larger sample of these individuals is
needed to explore newly diagnosed diabetes and its associated risk factors.

Conclusion
The level of prediabetes and diabetes in Shangcheng district, Hangzhou city, that we show in this study indicates that the
medical authority needs to increase its focus on this area and appropriate actions need to be taken. Given the link between
blood sugar levels and the incidence of cardiometabolic disorders, education on a healthy lifestyle is needed at
a community level, and participants with prediabetes and diabetes should monitor their health regularly.

Data Sharing Statement
To protect the participants’ identities, the dataset will not be shared.
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Ethical Consideration
Ethical clearance and approval for this study was obtained from Institutional Review Board (IRB) of the Center for
Disease Control and Prevention, Shangcheng District. Written consent was obtained from all participants after detailed
clarification of the aim of the study. They had been given the right to refuse and assured of the confidentiality of the
response. The privacy of the participants was kept by using unique codes. The outcomes of the laboratory results were
delivered to the study participants and those in need of medical attention were recommended to visit health institutions.
Participants’ informed consent included publication of anonymized responses, and that this study was conducted in
accordance with the Declaration of Helsinki.

Disclosure
Mingming Shi and Xiao Zhang are co-first authors for this study. The authors report no conflicts of interest in this work.
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