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Abstract

Objective This study aimed to investigate the epidemiology of diabetes in adults from Shanghai, aged
35 and older, in 2013.

Methods We estimated the diabetes prevalence in a representative sample of 18,736 adults who
were selected through a multistage stratified cluster sampling process. A standard questionnaire
containing questions about demographic characteristics and lifestyle factors was distributed. After an
overnight fast of at least 10 hours, a venous blood sample was collected from each participant. For each
patient without a history of diabetes, another blood sample was drawn 120 min after an oral glucose
tolerance test to identify undiagnosed diabetes and prediabetic condition.

Results Among Shanghai residents aged 35 and above, the overall weighted prevalence of diabetes
was 17.6% [95% confidence interval (Cl): 16.4%-18.8%). The prevalences were 19.3% in men and 15.8%
in women as well as 19.1%, 15.4%, and 16.1% in urban, suburban, and rural residents, respectively. In
addition, the weighted prevalence of prediabetes was 16.5% (95% Cl: 15.3%-17.8%), with the
prevalences of 16.5% in men, 16.6% in women, 15.2% in urban residents, 18.0% in suburban residents,
and 18.5% in rural residents. Among all patients with diabetes, 68.1% (95% Cl: 64.3%-71.6%) were
aware of their status, 63.5% (95% Cl: 60.0%-66.9%) received diabetes treatment, but only 35.1% (95%
Cl: 32.4%-37.8%) had adequate glycemic control.

Conclusion In Shanghai, diabetes and prediabetes are highly prevalent. However, 1/3" of diabetes
cases are undiagnosed, and the rate of glycemic control is low.
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INTRODUCTION worldwide. More and more people live with this

condition. The most recent estimates from the

iabetes prevalence has increased International Diabetes Federation (IDF) indicated
Dsignificantly in recent decades and is that 8.8% of adults, or 415 million people, had
now reaching epidemic proportions diabetes, and 75% of people with diabetes live in
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low- and middle-income countries. In addition, 318
million adults have impaired glucose tolerance,

which puts them at high risk of diabetes later in life™.

Yet, with 193 million of cases, or nearly half (46.5%),
of all diabetes cases currently undiagnosed, a large
number of people with diabetes were progressing
towards complications while unaware of the
problemm. Inadequately  managed  diabetes
increases the risk of disabilities, life-threatening
complications from microvascular disease (affecting
the kidneys, eyes, and limbs), and macrovascular
disease  (involving the coronary vascular,
cerebrovascular, and peripheral vascular systems),
which are the leading causes of death among people
with diabetes. As a result, diabetes creates a huge
economic burden for individuals and families,
health care systems, and countries. Medical
expenditures for people with diabetes have been
reported to be 2- to 4-times higher than those for
non-diabetics” . Diabetes was estimated to cause
5.0 million deaths and cost 673 billion U.S. dollars in
health spending (12% of the total spent worldwide)
in 2015™.

Several surveys have indicated that the
prevalence of diabetes in the Chinese population has
increased dramatically from 1.0% in 1980 to 11.6% in
2010, although sampling methods, screening

procedures, and diagnostic criteria were different™®®.

As a modern city in China, Shanghai has had a higher
prevalence of diabetes over the past few decades
with great change in lifestyle and environment for
inhabitants®® Y. However, information on control of
diabetes in a large populationis scarce. Our study
aimed to investigate epidemiological characteristics
of diabetes, including the current prevalence and
related risk factors, as well as to assess awareness
and level of glycemic control of diabetics in Shanghai
among adults aged 35 or older, in 2013.

METHODS

Study Participants

The data were sourced from the 2013 Shanghai
Noncommunicable and Chronic Disease (NCD)
Surveillance Program, which was conducted among
permanent residents aged 15 and older over a
period of at least 6 months. Representative samples
were selected through a multistage stratified cluster
sampling process. In the first stage, all 299 townships
were divided into 3 types, according to the
proportion of registered non-agricultural residents

and rural-to-urban agricultural residents. In total, 60
urban townships, 30 suburban townships, and 30
rural townships were randomly sampled. In the
second stage, 4 residential areas or villages were
then sampled from each selected township by
probability proportion to size (PPS). In the final stage,
2 residential groups (at least 50 families) were
sampled from each village by a simple random
sampling method, and a family member aged 15 and
above from each family was selected using the KISH
grid method. A total of 25,657 people were selected
to participate in the survey. We estimated
epidemiology of diabetes in 18,736 people aged 35
and older. The study protocol was approved by the
ethical review committee of Shanghai Municipal
Center for Disease Control and Prevention (SCDC).
Written informed consent was obtained from all
respondents.

Data Collection

A standard questionnaire administered by
trained  staff contained questions  about
demographic characteristics, medical history, and
lifestyle risk factors. Body weight and height were
measured while the subject was barefoot and in light
clothing. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters
squared. Waist circumference (WC) was measured
with the participants standing, midway between the
lower edge of the costal arch and the upper edge of
the iliac crest. Overweight was defined as a BMI
between 24.0 kg/m2 and 28.0 kg/mz, and obesity
was defined as a BMI of 28.0 kg/m’ or more!*?
Central obesity was defined as a WC of 90 cm or
more in men and 80 cm or more in women™. Blood
pressure was measured 3 times consecutively, with a
1 min interval between measurements with the
participant in a seated position after 5 min of rest by
using an automated device HEM-7071, OMRON
Healthcare (China) Co., Ltd.

After an overnight fast of at least 10 h, a venous
blood sample was collected from each participant.
For each subject without a history of diabetes, a
blood sample was drawn 120 min after an oral
glucose tolerance test using a standard 75 g glucose
solution. Plasma glucose level was measured using
the glucose oxidase-peroxidase method.

To ensure overall quality, a quality control
network composed of SCDC, the district CDC, and
community health service centers was set up. The
roles of all participants and associated responsibility
were determined. A quality control system was
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developed and executed. All investigators and
research staff underwent a training session on the
use of standardized protocols and instruments for
data collection. Only certified staff members were
allowed to collect data. All study laboratories
successfully completed a standardization and
certification program. The laboratory equipment was
calibrated, and blinded duplicate samples were used.
All data were entered twice in a database and then
compared and corrected for errors.

Definitions

According to the World Health Organization
diagnostic criteria[”], diabetes was defined as (1)
self-reported diabetes, (2) fasting plasma glucose
(FPG) level of 126 mg/dL (7.0 mmol/L) or higher, or
(3) 2 h plasma glucose level (2hPG) of 200 mg/dL
(11.1 mmol/L) or higher. Impaired fasting glycaemia
(IFG) was defined as (1) FPG levels between 110
mg/dL (6.1 mmol/L) and 126 mg/dL (7.0 mmol/L)
and (2) 2hPG levels <140 mg/dL (7.8 mmol/L).
Impaired glucose tolerance (IGT) was defined as (1)
FPG levels <126 mg/dL (7.0 mmol/L) and (2) 2hPG
levels between 140 mg/dL (7.8 mmol/L) and 200
mg/dL (11.1 mmol/L). Prediabetes (or impaired
glucose regulation, IGR) was defined as IFG and/or
IGF.

Awareness was defined as the proportion of
individuals with self-reported diabetes among all
patients with diabetes. Treatment was defined as the
proportion of individuals taking diabetes therapy
among all patients with diabetes. Control was defined
as the proportion of individuals with HbA1c less than
7.0% among diabetes patients taking treatment.
Management was defined as the proportion of
individuals participating in community diabetes
management among self-reported diabetes patients.

Statistical Analysis

All statistical analyses were performed using
SPSS software, version 17.0. With the exception of
descriptive data and crude rate calculations, the
other analyses were weighted to represent the
Shanghai adult population aged 35 and older.
Weighted coefficients, which were used for the
complex sampling point value of prevalence, were
derived from the survey sampling scheme, which
was the reciprocal of the probability of a particular
individual selected, and a post-stratification factor
that adjusted for age and sex in accordance with
2010 Shanghai population census data. Descriptive
data are presented as means (95% Cl). The crude,

weighted prevalence (95% Cl) of diabetes,
prediabetes, and subtypes based on various criteria
are described for the whole population and
subgroups. The weighted proportion of awareness,
treatment, control, and management were
generated for the whole population and subgroups.
Chi-squared tests were conducted to test differences
in prevalence based on sex, age, location, and other
variables. Odds ratios (ORs) for diabetes and
prediabetes were calculated for trend based on age,
BMI, and WC as continuous variables by univariate
logistic regression. Logistic regression analyses were
used to assess the association of demographic,
lifestyle, and physical factors with the ORs of
diabetes and prediabetes. All P values are two-tailed,
P<0.05 was considered statistically significant.

RESULTS

In our study, 18,736 individuals were included in
the final analysis. There were 7504 men (40.1%) and
11,232 women (59.9%). The general characteristics
and risk factors of the study population are
presented in Table 1.

In Shanghai residents aged 35 and older, the
weighted prevalence of diabetes was 17.6% (95% Cl:
16.4%-18.8%), with the prevalence in men (19.3%)
being higher than that in women (15.8%) (x°=39.98,
P<0.001). The self-reported diabetes weighted
prevalence was 12.0% (95% Cl: 10.8%-13.2%), with
the prevalence of 13.3% in men and 10.6% in women
(x*=30.89, P=0.001). The prevalence of total diabetes
differed significantly based on location (P<0.05) and
education group (P<0.001), as did the rate of
self-report diabetes (Table 2 and Figure 1).
Furthermore, total diabetes prevalence increased
with age (OR=1.04, 95% Cl: 1.04-1.05), BMI (OR=1.14,
95% ClI: 1.11-1.16), and WC (OR=1.06, 95% Cl:
1.05-1.07).

The overall weighted prevalence of prediabetes
was 16.5% (95% Cl: 15.3%-17.8%), with prevalences
of 16.5% in men and 16.6% in women, 15.2% in
urban residents, 18.0% in suburban residents, and
18.5% in rural residents. No significant differences
were found among the weighted prevalences based
on sex (x°=0.01, P=0.943) or location (}’=29.90,
P=0.052) (Table 3 and Figure 1), but prevalence
increased with age (OR=1.03, 95% Cl: 1.02-1.03),
BMI (OR=1.12, 95% Cl: 1.09-1.14), and WC (OR=1.04,
95% Cl: 1.03-1.05). The weighted prevalences of IFG
and IGT were 5.1% (95% Cl: 4.4%-5.9%) and 11.4%
(95% Cl: 10.4%-12.5%).
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Table 1. Characteristics of Shanghai Adults Aged 35 and Older

Item

Men

Women

Overall

Age (y)
Location (n, %)
Urban
Sub-urban
Rural
Education (n, %)
primary school
middle school
college
Current smoking status (n, %)
Current drinking status (n, %)
BMI (kg/m?)
WC (cm)
SBP (mmHg)
DBP (mmHg)
FBP (mmol/L)
2hPG (mmol/L)
HbA1lc (%)

60.2 (60.0-60.5)

3573 (47.6)
1725 (23.0)
2206 (29.4)

1862 (24.8)
4679 (62.4)
963 (12.8)
3710 (49.4)
2873 (38.3)
24.5 (24.4-24.5)
87.1(86.9-87.3)
136.5 (136.1-136.9)
83.1(82.9-83.3)
5.9 (5.9-6.0)
6.6 (6.5-6.6)
5.6 (5.6-5.7)

59.9 (59.7-60.1)

5562 (49.5)
2588 (23.0)
3082 (27.5)

4007 (35.7)
6429 (57.2)
796 (7.1)
149 (1.3)
726 (6.5)
24.4(24.4-24.5)
3.2 (83.0-83.3)

81.4 (81.2-81.6)
5.8 (5.7-5.8)
6.7 (6.6-6.7)
5.6 (5.5-5.6)

134.4 (134.0-134.7)

60.1 (59.9-60.2)

9135 (48.8)
4313 (23.0)
5288 (28.2)

5869 (31.3)
11,108 (59.3)
1759(9.4)
3859 (20.6)
3599 (19.2)
24.4(24.4-24.5)
84.7 (84.6-84.9)
135.2 (134.9-135.5)
82.1(81.9-82.2)
5.8 (5.8-5.9)
6.6 (6.6-6.7)
5.6 (5.5-5.6)

Table 2. Crude and Weighted Prevalences (95% Cl) of Diabetes among Shanghai Adults Aged 35 and Older

Self-report Diabetes Diabetes
Cohort Crude Weighted Crude Weighted
Prevalence Prevalence (95% Cl) Prevalence Prevalence (95% Cl)

Overall 13.6 12.0 (10.8-13.2) 20.3 17.6 (16.4-18.8)
Sex

Men 15.0 13.3 (11.7-15.0) 22.3 19.3 (17.7-21.0)

Women 12.6 10.6 (9.6-11.8) 18.9 15.8 (14.6-17.1)

Pvalue <0.001 0.001 <0.001 <0.001
Location

Urban 16.0 14.0 (12.3-15.9) 21.8 19.1(17.3-21.0)

Sub-urban 124 9.6 (7.8-11.9) 18.5 15.4 (13.3-17.7)

Rural 104 8.8 (7.3-10.6) 19.0 16.1 (14.3-18.0)

Pvalue <0.001 <0.001 <0.001 0.009
Age,y

35-44 5.3 6.3 (4.7-8.5) 9.4 10.5 (8.7-12.6)

45-54 9.2 9.4 (7.9-11.1) 14.4 19.7 (18.5-21.0)

55-64 13.8 14.5(13.2-15.8) 19.4 24.3 (22.9-25.7)

65-74 18.0 20.2 (18.1-22.5) 26.9 28.1(25.9-30.4)

275 19.6 22.1(19.6-24.9) 29.9 31.3(28.5-34.2)

Pvalue <0.001 <0.001 <0.001 <0.001
Education

primary school 14.6 15.1(13.1-17.2) 233 22.5 (20.2-25.0)

middle school 12.9 11.4 (10.2-12.7) 18.8 16.7 (15.4-18.0)

college 143 10.2 (7.8-13.1) 19.2 14.5 (12.3-17.1)

Pvalue 0.006 0.001 <0.001 <0.001
BMI

<185 6.6 9.0 (6.0-13.3) 114 12.4 (8.9-17.0)

18.5-23.9 11.2 9.3 (8.2-10.5) 16.1 13.3(12.1-14.6)

24.0-27.9 14.8 13.8(12.3-15.4) 22.2 19.7 (18.0-21.4)

>28.0 19.4 16.2 (13.6-15.4) 30.1 26.9 (24.0-29.9)

Pvalue <0.001 <0.001 <0.001 <0.001
wC

<90 in men, <80 in women 10.8 9.4 (8.2-10.7) 15.4 13.1(11.8-14.4)

290 in men, 280 in women 16.1 14.7 (13.1-16.3) 24.5 22.4(20.7-24.1)

Pvalue <0.001 <0.001 <0.001 <0.001
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Figure 1. Weighted prevalences of diabetes (A) and prediabetes (B) in Shanghai adults aged 35 and
older, according to age groups and locations (%). (Error bars indicate 95% confidence intervals).

Table 3. Crude and Weighted Prevalences (95% Cl) of IFG, IGT, and IGR among
Shanghai Adults Aged 35 and Older

IFG IGT IGR
Weighted Weighted Weighted
Cohort Precvr:liﬁce Prevglence Precvr:liice Prevglence Precvr:lcéice Prevglence
(95% Cl) (95% Cl) (95% Cl)
Overall 5.1 5.1(4.4-5.9) 13.4 11.4(10.4-12.5) 18.5 16.5(15.3-17.8)
Sex
Men 5.6 5.2 (4.4-6.1) 12.8 11.3(10.0-12.7) 18.4 16.5(14.9-18.1)
Women 4.8 5.0 (4.2-6.0) 13.8 11.5(10.4-12.7) 18.6 16.6 (15.2-18.0)
Pvalue 0.015 0.671 0.049 0.756 0.736 0.943
Location
Urban 4.4 4.4 (3.7-5.3) 11.7 10.8 (9.6-12.1) 16.2 15.2 (13.9-16.6)
Sub-urban 6.1 6.5 (4.6-8.9) 13.3 11.5(9.5-13.9) 19.4 18.0(15.2-21.1)
Rural 5.5 5.2 (4.1-6.6) 16.2 13.3(11.3-15.7) 21.7 18.5(16.3-21.0)
Pvalue <0.001 0.070 <0.001 0.187 <0.001 0.052
Age,y
35-44 3.7 4.5(3.2-6.3) 9.4 9.9 (8.1-12.0) 13.2 14.4(12.0-17.1)
45-54 5.1 5.2 (4.1-6.5) 10.2 9.2 (7.9-10.6) 15.4 14.4(12.8-16.1)
55-64 5.7 5.9 (5.1-6.8) 12.5 11.5(10.3-12.9) 18.3 17.4(16.1-18.9)
65-74 5.1 5.4 (4.5-6.4) 16.4 14.9 (13.3-16.8) 215 20.3 (18.7-22.1)
275 4.4 4.3 (3.2-5.8) 19.2 19.2 (16.9-21.7) 23.6 23.5(21.2-26.0)
Pvalue 0.005 0.280 <0.001 <0.001 <0.001 <0.001
Education
primary school 53 4.9 (4.0-6.0) 17.4 14.9 (13.6-16.2) 22.7 19.8 (18.2-21.5)
middle school 5.1 5.3 (4.4-6.3) 11.6 10.4 (9.2-11.7) 16.6 15.7 (14.2-17.2)
college 5.0 4.6 (3.5-6.0) 11.0 10.9 (8.6-13.7) 16.0 15.5(12.8-18.6)
Pvalue 0.772 0.468 <0.001 <0.001 <0.001 0.005
BMI (kg/m?)
<18.5 3.1 3.8(1.5-9.1) 12.9 10.5 (6.6-16.3) 15.9 14.3 (9.5-20.8)
18.5-23.9 4.8 4.5(3.8-5.3) 10.0 8.3(7.4-9.4) 14.8 12.8(11.8-13.3)
24.0-27.9 53 5.4 (4.6-6.3) 15.4 13.5(12.1-15.0) 20.7 18.8 (17.1-20.7)
>28.0 5.9 6.7 (4.8-9.2) 18.7 15.6 (13.4-18.2) 24.5 22.3(19.5-25.4)
Pvalue 0.032 0.044 <0.001 <0.001 <0.001 <0.001
WC (cm)
<90 in men, <80 in women 5.0 4.7 (3.9-5.6) 10.3 9.0 (7.9-10.3) 15.3 13.7 (12.4-15.1)
290 in men, 280 in women 5.2 5.5 (4.6-6.7) 16.1 14.0(12.8-15.2) 213 19.5(17.9-21.2)
Pvalue 0.572 0.098 <0.001 <0.001 <0.001 <0.001
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The weighted proportion of awareness was
68.1% (95% Cl: 64.3%-71.6%), with 68.7% in men and
67.3% in women (x’=0.84, P=0.558). Among all
diabetic patients, 63.5% of patients (95% Cl:
60.0%-66.9%) were receiving treatment, with 63.8%
of men and 63.1% of women receiving treatment
(x’=0.20, P=0.778). For all treatments, the weighted
rate of oral medication was the highest (76.1%), and
the proportions of patients using nutrition therapy,
physical activity, glucose monitoring, and insulin
were lower (41.7%, 26.3%, 24.6%, and 12.7%,
respectively). Among all patients, only 35.1% of
individuals (95% Cl: 32.4%-37.8%) had their HbAlc
controlled under 7.0%, 33.6% of men and 36.8% of
women  (x°’=11.43, P=0.075). The weighted
proportions of diabetes awareness, treatment, and
control differed in urban, sub-urban, and rural
residents (P<0.05). The weighted rate of diabetes

management was 46.8% (95% Cl: 40.5%-53.1%),
which was higher in women (52.1%) than in men
(42.5%) (x’=23.33, P=0.007). The weighted
prevalences of awareness, treatment, control, and
management were all different significantly among
age groups (Table 4).

By logistic regression analysis, overweight,
obesity, central obesity, insufficient activity, and
elevated systolic blood pressure were all significantly
associated with increased risk of diabetes after
adjusting for sex, age, and education. In addition,
overweight, obesity, central obesity, and elevated
systolic blood pressure also positively correlated
with an increased risk of prediabetes (Table 5).
Urban residence, cigarette smoking, alcohol
consumption, and diastolic pressure were not
significantly associated with risk of diabetes or
prediabetes.

Table 4. Weighted Awareness, Treatment, Control, and Management Rates (95% Cl)

of Diabetes among Shanghai Adults Aged 35 and Older

Cohort Awareness Treatment Control Management
Overall 68.1(64.3-71.6) 63.5 (60.0-66.9) 35.1(32.4-37.8) 46.8 (40.5-53.1)
Sex
Men 68.7 (63.9-73.1) 63.8 (59.1-68.2) 33.6(30.1-37.2) 42.5(35.1-50.1)
Women 67.3 (63.3-71.1) 63.1 (59.3-66.8) 36.8 (33.8-40.0) 52.1(41.6-57.9)
Pvalue 0.558 0.778 0.075 0.007
Location
Urban 73.4 (68.9-77.5) 68.1 (64.0-72.0) 36.9 (33.3-40.6) 43.4 (35.5-51.6)
Sub-urban 62.7 (54.0-70.5) 58.2 (49.7-66.2) 33.1(28.0-38.6) 54.9 (41.2-67.9)
Rural 55.0 (47.8-61.9) 53.3 (45.8-60.6) 30.9 (25.8-36.6) 50.3 (40.1-60.5)
Pvalue <0.001 0.003 0.003 0.211
Age,y
35-44 60.3 (48.2-71.3) 54.1(41.9-65.8) 30.9 (21.9-41.7) 39.1(26.2-53.7)
45-54 63.3(57.1-69.1) 58.8 (51.9-65.4) 29.1(24.1-34.6) 42.0(32.1-52.6)
55-64 73.5(69.8-76.9) 68.3 (64.9-71.5) 37.9(34.0-42.0) 44.8 (38.9-50.9)
65-74 72.0 (68.2-75.5) 68.7 (65.0-72.2) 40.6 (36.5-44.7) 56.2 (49.7-62.4)
275 70.7 (65.9-75.1) 67.6 (63.3-71.7) 38.5(33.7-43.5) 54.1(47.7-60.3)
Pvalue 0.011 0.010 0.022 0.013
Education
primary school 66.9 (62.8-70.8) 64.1(60.2-67.8) 36.3 (32.7-40.2) 56.9 (50.6-62.9)

middle school
college
Pvalue

68.2 (63.9-72.2)
69.9 (58.5-79.3)
0.787

63.5 (59.4-67.5)
61.9 (51.1-71.7)
0.878

33.7(30.7-36.8)
39.4 (30.7-48.8)
0.324

445 (37.7-51.4)
36.6 (27.3-47.1)
<0.001

Table 5. Risk Factors for Diabetes and Prediabetes in Shanghai Adults Aged 35 and Older

Risk Factors

Diabetes

Prediabetes

Odds Ratio (95% Cl) PValue Odds Ratio (95% Cl) PValue
Weight
Overweight 1.28 (1.10-1.49) <0.001 1.45 (1.25-1.70) <0.001
Obesity 1.70 (1.38-2.10) <0.001 1.76 (1.41-2.19) <0.001
Central obesity 1.59 (1.33-1.89) <0.001 1.25 (1.05-1.50) 0.015
Physical activity 1.15 (1.01-1.30) 0.033 0.97 (0.85-1.11) 0.668
Systolic blood pressure per 10 mmHg 1.31(1.24-1.37) <0.001 1.19(1.13-1.25) <0.001
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DISCUSSION

Diabetes has become a major public health
problem in the general population of China. Previous
studies indicated that China is now among the
countries with the highest diabetes prevalence in
Asia and has the largest absolute diabetes
population in the world™, which results in a
considerable impact caused by diabetes. The
disability adjusted life years (DALYS) for diabetes
increased from 0.71 per population in 1980 to 19.12
per population in 2010, which is nearly a 30-fold
increase™ ™. As one of the most economically
developed areas in China, Shanghai has a higher
prevalence of diabetes, which is increasing rapidly
and continuously. In 1980, the diabetes prevalence
in Shanghai was 1.0%". A recent study reported that
the age-standardized prevalence of diabetes has
increased from 9.7% in 2002 to 12.6% in 2009 in
Shanghai adults aged 35-74™". Our study indicated
that the prevalence of diabetes was 17.6% in adults
aged 35 or older from Shanghai in 2013. The
prevalence increased with age and was higher
among men. Furthermore, there were many cases of
prediabetes (16.5%). All these facts suggest a large
and growing burden of diabetes in Shanghai.

Population aging, urbanization, decreasing
physical activity, and a consequent obesity epidemic
have contributed to the rapid increase in
diabetes'’ ™. As one of the most rapidly aging cities
in China, Shanghai had 3.87 million adults who were
at least 60 years old in 2013, accounting for more
than a quarter of its residents™”. Our survey showed
that prevalence of diabetes and prediabetes was
significantly higher among the elderly population in
Shanghai. Urbanization is associated with changes in
lifestyle that lead to physical inactivity and
nutritional changes. These include consumption of
processed foods, which are generally high in fat,
sugar, and highly refined carbohydrates. In Shanghai,
more than half of families consumed excess oil and
salt, and their fruit and vegetable intakes were

insufficient. Physical activity was low, while
; 120] .

sedentary behavior was more common", which are

associated with an increased risk of being

overweight or obese. The rate of overweight among
Shanghai residents aged 15-69 years has increased
over time (27.3% in 2007, 29.0% in 2010, and 32.1%
in 2013), as did the obesity rate (7.1% in 2007, 7.4%
in 2010, and 9.4% in 2013)%°. Additionally, the
central obesity epidemic closely correlated with type
2 diabetes™ . In our study, both overweight and

obesity were strongly associated with increasing
prevalence of diabetes and prediabetes. The recent
study also indicated that overconsumption of oil and
salt was more common in rural areas®. With
increasing wealth and development throughout the
country, the prevalence of diabetes in rural areas
has risen rapidly, and the urban-rural gaps in the
distributions of overweight, obesity, physical
inactivity, and hypertension have diminished™”".
Rural area may encounter greater risks than
expected.

During the early stages of type 2 diabetes, many
people remain undiagnosed because there are often
few symptoms or symptoms that may not be
recognized as being related to diabetes. Our study
showed that among all patients with diabetes, 68.1%
of individuals were aware of their condition, and
63.5% reported receiving treatment for diabetes.
However, only 35.1% of patients treated for diabetes
had adequate glycemic control. A previous study
indicated that diabetes awareness was 30%-40%,
and the proportion of treatment was 25.8% in
china”®. In the United States, diabetes affected
29.1 million people in 2012 (9.3% of the population),
and about 21.0 million people have been diagnosed
diabetes®. More than 50% of patients met the
glycemic target (glycated hemoglobin <7.0%) in
2005-2010 in U.S*** which was higher than the
rate in our study and reflected improvements in
screening and diagnosis, while diabetes care was low
in Shanghai.

Given the current increasing prevalence of
diabetes and the inadequate glycemic control,
diabetes prevention should be a priority for the
government of Shanghai. First, as many
complications can be detected in early stages by
screening, early recognition is critical for prevention.
People at high risk for diabetes should be screened,
and people with diabetes should be supported by a
well-educated health work force that provides
regular blood tests, complication examinations, and
self-management knowledge and skills education.
More effective and efficient methods and criteria for
diabetes screening should be further investigated. In
addition, lifestyle interventions can prevent or delay
diabetes progressionm'zal and thus reduce the large
economic burden of diabetes, which would be
cost-effective and cost-savinglzg]. In 2014, the WHO
issued new guidelines that suggest limiting sugar
intake and recommended a daily free sugar intake of
less than 10% of the total caloric intake in adults and
children. A reduction to 5% of free sugar intake
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would be even more beneficial®”. Lifestyle
intervention policies limiting the intake of sugar, fat,
and salt should be adopted by the government to
fight against the unrelenting increased rates of type
2 diabetes. Furthermore, health professional training
is also an essential issue and should be strengthened
to improve the quality of healthcare for diabetes
prevention and control™.

Our study had a few limitations. First, this
analysis was based on cross-sectional data, and we
cannot determine the causes of underlying trends.
Secondly, our study did not include residents less
than 35 years old. Thirdly, we did not distinguish
between type 1 and type 2 diabetes. However, our
study had several strengths, including a
representative sample of the adult population in
Shanghai and use of oral glucose tolerance tests for
all participants without a history of diabetes.

In conclusion, our study provides representative
prevalence, related risk factors, awareness, and
diabetes data for Shanghai residents. Diabetes and
prediabetes are highly prevalent. However, 1/3" of
diabetes cases are undiagnosed, and the rate of
glycemic control is low. These findings indicate that
diabetes is more than a health issue and requires
concerted policy action across many sectors aimed
at detection, prevention, and treatment of diabetes
in Shanghai.
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