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Background: The prevalence of diabetes in China has increased by nearly 18 times from 0.67% in 1980
to 12.8% in 2020. The incidence has occurred with regional diversity, following different climates, diet, and
lifestyle. This study aimed to explore the glucose metabolism status and analyze the risk factors for diabetes
among over 45-year-old inhabitants from the Shanghai Songjiang district.

Methods: A total of 1,213 subjects without diabetes history, thyroid dysfunction history, or other diagnosed
diseases were enrolled in this cross-sectional study, all of whom were over 45 years old and from the Shanghai
Songjiang district. All subjects participated in a complete physical examination and clinical history collection
including name, gender, age, history of drinking and smoking, and presence of other disease. Fasting glucose,
postprandial glucose, biochemical, and other metabolic parameters were measured in all subjects.

Results: According to the WHO [1990] Standard, the normal glucose regulation (NGR), impaired fasting
glucose (IFG), impaired glucose tolerance (IGT), combined glucose impaired (CGI), and newly diagnosis
diabetes mellitus (NDDM) were defined and grouped. Among 1,213 subjects in this area, 50.2% had
abnormal glucose, including 36.5% with pre-diabetes (PD) and 13.7% with NDDM. We substantiated that
hyper-glucose was positively associated with age, body mass index, waist-hip ratio, fat mass, fat percentage,
total triglycerides, total cholesterol, low-density lipoprotein, systolic blood pressure, and heart rate in this
study. We also found the prevalence of hyper-glucose occurred mainly in women in the 56-60-year-old age
group and in men in the 61-65-year-old age group in this area. The overweight rate of male subjects with
abnormal glucose was 61.9%, while in females this was 56.3%, especially the central obesity ratio, which
reached 91.4% among the female hyper-glucose subjects.

Conclusions: In the Shanghai Songjiang district, 56-60-year-old female subjects who were overweight and
with central obesity were apt to abnormal glucose regulation. Community-based diabetes management is an
important approach for screening diabetes and high-risk factors to reduce the risk and financial burden of

individuals and the society.
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Introduction

The prevalence of diabetes is increasing globally and
alarmingly so in Asia. According to the latest global diabetes
distribution map released by the International Diabetes
Federation (IDF) in 2019 (1), there were 463 million diabetic
patients worldwide, including 114 million cases in China
(2,3); an increase of 11.57% in the global figure compared
to 2015. On average, 1 in 11 adults between the ages of 20
and 79 suffers from the disease. The prevalence of adult
diabetes and prediabetes (PD) in China has been increasing
year by year since the first epidemiological survey of 300,000
people was performed in 1980 and indicated a prevalence of
only 0.67% (4). Epidemiological studies have documented
an incidence rate of 4.5% in the urban population over
18 years, which was an increase of 15 times compared with
1980 compared with the 2002 National Diabetes Survey
(5,6), and by 2013, the incidence of adult diabetes was as high
as 10.9%. The increasing prevalence of diabetes mellitus
(DM) has become a global public health concern in the 21st
century. Over the past few decades, China’s urbanization
and rising living standards have led to reduced physical
activity and unhealthy diets which, in combination with an
already ageing population, are factors behind the soaring
prevalence of the disease. There were many reports on the
prevalence and the risk factors related to different diabetes
complications from the different areas and different cities
in China. Shanghai as the high urbanization and developed
city, the prevalent trend of DM among the residents and the
management are very important and representative.

Among patients with diabetes, 76.4% reported at least one
kind of complication which was proven to be the cause of
death (7). More than half of individuals with diabetes remain
undiagnosed in China, making it the country with the largest
number of diabetic patients in the world (8,9). It was reported
that 60.7% of adults with diabetes had not previously been
diagnosed and 66.7% of diabetes patients had not received
regular examination as recommended by clinical guidelines
(1,8). With the accelerated of population aging, the older the
age, the higher the risk factors of metabolic disease. Besides
the aging factor, other major factors include overweight,
hypertension, hyperlipidemia, and inheritance. Consequently,
how to detect and monitor these elder individuals earlier and
guide self-management in the community is very important.
"This study was designed to explore the prevalence of diabetes
and other metabolic parameters in healthy aged 45 and above
community inhabitants in Shanghai.

We present the following article in accordance with the
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SURGE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3251).

Methods
Subjects and data collection

A total of 6,183 inhabitants aged over 45-years and living
in the Shanghai Songjiang district participated in the
survey from 2011 to 2013. All inhabitants who met the age
requirements received notice in advance, understood the
purpose of the research, and agreed to participate in the
flow of information and sample collection. Participants
were requested to complete a general information survey
form which sought their name, gender, age, and contact
information, and their clinical history of alcoholism,
smoking, hypertension, diabetes, thyroid, liver, renal disease,
family history of cardiovascular disease, history of drug
treatment. The comprehensive survey was administered
by trained research staff. Subjects were also evaluated for
fasting glucose and an oral glucose tolerance test (OGT'T),
and those who failed to complete the test were excluded.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was validated and
approved by the Ethics Committee of Shanghai General
Hospital (No. 2009KY037), and informed consent was
taken from all the subjects.

Physical examination

All subjects underwent a physical examination in which their
weight, height, waist circumference, hip circumference,
systolic blood pressure (SBP), diastolic blood pressure (DBP),
and heart rate were recorded. Hip circumference (HC) was
measured in standing subjects, and the body mass index (BMI)
was calculated as body weight/heights’ in kg/m’. The waist-
hip ratio (WHR) was calculated as weight circumference/hip
circumference.

Biochemical measurement

Peripheral blood samples were collected from all subjects
in the morning after overnight fasting for over 10 hours.
All subjects underwent a 75-g OGT'T, and biochemical
parameters, including plasma glucose concentrations, serum
lipid metabolic related, total cholesterol (T'C), high density
lipoprotein cholesterol (HDL-C), low density lipoprotein
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cholesterol (LDL-C), and triglycerides (T'G) were measured
by an automatic biochemistry analyzer. The fasting
insulin concentration, serum level of thyroid-stimulation
hormone (T'SH), and free triiodothyronine (FT3)/free
tetraiodothyronine concentration (FT4) were monitored by
electrochemiluminescence analyzer. Urea nitrogen (Ur) and
creatinine (Cr), alanine aminotransferase levels were also
detected.

Definitions

(@) We defined the different groups as (i) normal glucose
regulation (NGR), in which fasting glucose <6.1 mmol/L
and 2 h postprandial glucose <7.8 mmol/L; (ii) impaired
fasting glucose (IFG), in which fasting glucose >6.1
and <7.0 mmol/L and 2 h postprandial glucose
<7.8 mmol/L (10); (iii) impaired glucose tolerance
(IGT), in which fasting glucose <6.1 mmol/L and 2 h
postprandial glucose >7.8 and <11.1 mmol/L (11); (iv)
combined glucose impaired (CGI), in which fasting
glucose >6.1 and <7.0 mmol/L, and 2 h postprandial
glucose >7.8 and <11.1 mmol/L (11); and (v) NDDM,
in which fasting glucose >7.0 mmol/L and/ or 2 h
postprandial glucose >11.1, and there was no diabetes
history.

(II) According to the China standard (WS/1428-2013) (11),
the overweight standard was BMI >24 kg/m’.

(III) According to the WHO and China standard for
central obesity, the WHR >0.9 for males, >0.85 for
females.

(IV) HOMA-IR = fasting insulin (FINS) x fasting glucose
(FPG)/22.5.

(V) HOMA-B =20x fasting insulin/fasting glucose -3.5.

Exclusion criteria

@ History of DM,;

(II)  Thyroid dysfunction;

(IIT)  Chronic renal failure;

(IV)  Liver disease;

(V)  History of cancer;

(VI) Diagnosed lipid metabolic dysfunction;
(VII) Failure to finish the examination and test;
(VIII) Taking any oral drugs.

Statistical analysis

SPSS 22.0 software was used for statistical analysis of all
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data. The data were presented as the means + standard
deviation for the ratio and interval data following the
normal distribution. For data not following the normal
distribution, it is median and interquartile range, For count
data, the number of subjects and the composition ratio with
the percentages within parentheses. The y’-test was used to
compare the proportion of the subjects between different
groups divided by the dichotomized groups of metabolic
parameters and glucose status. One-way analysis of variance
and Kruskal-Wallis tests were used to analyze the statistical
differences of the mean and median values of various
parameters among different groups divided by the glucose
status. All the reported P values were two-tailed, and those
less than 0.05 were considered statistically significant.

Results
General information and glucose metabolic status

Of the 6,813 inhabitants initially screened, 1,213 met the
inclusion criteria. Of these, 49.8% (604/1,213) had NGR
and 13.7% (166/1,213) were confirmed as NDDM. The
ratio of PD, including IFG), IGT, and combined IFG/IGT
(CGI) was 36.5%, as shown as in Table I. Interestingly, a
feature of male PD subjects was the high ratio of fasting
glucose (12.7%) (Table 1, Figure 1A, Table S1), whereas
IGT was higher in female PD subjects (19.62%), as shown
as in Table 1, Figure 1B, Table S1. The parameters linked to
glucose metabolism are presented by median (interquartile
range) as seen in Table 1, which shows there were significant
differences between the NGR groups and each hyper-
glucose group (P<0.001), except the HOMA-B between the
NGR group and IGT group without significant difference.

Age and sex constituent ratio at different glucose status

Among the 1,213 subjects, 525 were male (43%) and 688
were female (67%). Based on the statistical analysis, we
substantiated that age was a risk factor for hyper-glucose
and metabolic syndrome. As shown as in Figure 2A4,2B, the
percentage of PD and NDDM increased with age. Further,
the ratio of NDDM was higher in 61-65-year-old subjects
and the ratio of PD was higher in 56-60-year-old subjects.
To explore the incidence trends with different sex and
different ages, we compared the age constituent ratios at
different glucose status among male and female subjects. As
can be seen in Figure 2C,2D, the 61-65-year-old age group
had the highest ratio in male hyper-glucose subjects, while
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Table 1 Baseline characteristics of the subjects divided by glucose status

Characteristics NGR (n=604) IFG (n=118) IGT (n=207) CGl (n=118) NDDM (n=166) P value P<0.05
Age (years) 57.0 (12.0) 59.0 (13.0) 59.0 (12.0)  59.5(12.0) 61.0 (10.0)

Male, n (%) (n=525) 271 (51.6) 67 (12.7) 72 (13.7) 43 (8.19) 72 (13.71)

Female, n (%) (n=688) 333 (48.4) 51 (7.42) 135 (19.62) 75 (10.9) 94 (13.66)

FPG 5.4 (0.5) 6.3 (0.3) 5.7 (0.5) 6.4 (0.4) 7.2(1.2) <0.001 ab,c,d,
PPG 6.2 (1.4) 6.6 (1.3) 8.7 (1.5) 8.8(1.6) 12.6 (4.5) <0.001 a,b,c,d,
HbA1C 5.4 (0.4) 5.6 (0.4) 5.6 (0.5) 5.8 (0.4) 6.1(1.1) <0.001 a,b,c,d,
FINS 6.0 (4.5) 7.3 (6.0) 7.7 (5.1) 9.6 (5.9) 9.7 (7.6) <0.001 a,b,c,d,
HOMA-IR 1.5(1.1) 21(1.7) 1.9 (1.3) 2.8(1.7) 3.1 (2.5) <0.001 ab,c,d,
HOMA-B 65.7 (43.7) 50.1 (48.1) 69.6 (47.6) 65.7 (42.3) 61.3 (49.4) <0.001 ac,d

Statistical indicators: a: NGR group vs. IFG group; b: NGR group vs. IGT group; c: NGF group vs. CGI group; d: NGR group vs. NDDM
group. NGR, normal glucose regulation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; CGl, combined IFG/IGT; NDDM,
new diagnosis diabetes mellitus; FPG, fasting plasma glucose; PPG, postprandial plasma glucose; HbA1c, hemoglobin Alc; FINS, fasting
insulin; HOMA-IR, HOMA insulin resistance; HOMA-B, HOMA of beta cell function.

NGR
IFG
IGT
Cal
NDDM

13.75%

18.75%

51.48%
Male

19.6%

48.4%

Female

Figure 1 Ratios of glucose status in the Songjiang residents. (A)
The ratios of glucose status from male subjects; (B) the ratios
of glucose status from female subjects. NGR, normal glucose
regulation; IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; CGI, combined IFG/IGT; NDDM, new diagnosis
diabetes mellitus.
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the 56-60-year-old age group was the highest in female
hyper-glucose subjects. We also found the 51-55-year-old
male subjects had a higher ratio to be diagnosed as DM,
compared to the similar age range in female subjects.

BMI and WHR related to glucose status

BMI and WHR are important indexes for obesity and are
also reported to be related to glucose metabolism. Here, we
substantiated that the two indexes were significantly different
between subjects with normal glucose status and those
with hyper-glucose status (Table 2). We also analyzed the
relationship between the two indexes and glucose status at
different ages and between genders. According to the China
Standard, BMI >24 is defined as overweight, and Figure 34,38
and Table S2 show the number of male overweight subjects
was 325, accounting for 26.5% (325/1,213) of total subjects
and 61.9% (325/525) of all male subjects. Among these, the
56-60-year-old male group showed a higher ratio of PD,
while the 61-65-year-old male group showed a higher ratio
of NDDM. There were 387 female overweight subjects
accounting for 31.9% (387/1,213) of total subjects and 56.3%
(387/688) of all female subjects. Among them, 56-60-year-
old females showed a higher ratio with PD and NDDM.
According to the WHO standard, a WHR >0.9 (male)
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Figure 2 Age constituent ratios at different glucose status in male and female subjects. (A) The percentages of NGR, PD and NDDM
at different age ranges; (B) the component percentages of age ranges at pre-diabetes (IFG, IGT and CGI) and NDDM,; (C) the age
contribution ratios among male subjects with the different glucose status; (D) the age contribution ratios among female subjects with the

different glucose status. NGR, normal glucose regulation; PD, pre-diabetes; IFG, impaired fasting glucose; IGT, impaired glucose tolerance;
CGI, combined IFG/IGT; NDDM, new diagnosis diabetes mellitus.

Table 2 Value of BMI and WHR at different glucose status groups

Indexes

NGR (n=604)  IFG (n=118) IGT (n=207) CGI (n=118)  NDDM (n=166) P value P<0.05
BMI 24.0+3.4 24.6+2.9 25.4+3.4 25.6+3.4 26.1+3.3 <0.001 ab,cd
WHR 0.90 (0.09) 0.913 (0.07) 0.910 (0.08) 0.901 (0.07) 0.92 (0.07) <0.001 ab,c.d

Statistical indicators: a: NGR group vs. IFG group; b: NGR group vs. IGT group; c: NGF group vs. CGI group; d: NGR group vs. NDDM
group. NGR, normal glucose regulation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; CGl, combined IFG/IGT; NDDM,
new diagnosis diabetes mellitus; BMI, body mass index; WHR, waist-hip ratio.

or WHR >0.85 (female) signifies central obesity. We found
63.8% (335/525) of male subjects and 91.4% (629/688)
of female subjects exhibited abnormal WHR, and the
56—65-year age group were higher ratio linked to hyper-
glucose, as shown as in Figures 3C,3D and Table S3.

Other metabolic indexes at different glucose status groups

Fat metabolism is highly related to glucose regulation.

© Annals of Palliative Medicine. All rights reserved.

In our study community, fat rating, fat mass, TC, and
TG were increased significantly when IGT and diagnosis
diabetes occurred, but not only IFG (P<0.001), as shown in
Table 3 and Figure 4A.

Cardiovascular indicators, such as blood pressure and
heart rate, are also key factors coordinated with glucose
metabolism, and Table 4 and Figure 4B show the three key
indicators, SBP, DBP, and HR were enhanced significantly
when glucose level increased.
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Figure 3 Relationship of overweight (BMI >24 kg/m’) and central overweigh (female: WHR >0.85, male WHR >0.9) with different glucose
status in male and female subjects. (A) The ratios of overweight male and female subjects at different age ranges; (B) the age contribution
ratio of overweight male and female at different glucose status; (C) the ratio of central overweight male and female subjects at different age
stages; (D) the age contribution ratio of central overweight male and female at different glucose status. NGR, normal glucose regulation;
PD, pre-diabetes; NDDM, new diagnosis diabetes mellitus; BMI, body mass index; WHR, waist-hip ratio.

Table 3 Values of fat metabolic indexes at different glucose status groups

Indexes NGR (n=604) IFG (n=118) IGT (n=207) CGl (n=118) NDDM (n=166) P value P<0.05
Fat rating 28.8 (11.1) 28.2 (10.7) 32.4 (11.7) 32.6 (11.6) 32.2 (12.1) <0.001 b,c,d
Fat mass 17.5(7.1) 18.3(7.8) 19.8 (8.4) 19.8 (6.4) 20.9 (7.6) <0.001 b,c,d
Visceral fat rating 9.0 (6.0) 10.0 (7.0) 9.0 (5.0 9.0 (7.0) 10.3 (6.3) <0.001 c
TC (mmol/L) 5.1+0.8 5.2+0.9 5.2+0.9 5.4+0.9 5.5+1.0 <0.001 b,c,d
HDL-C (mmol/L) 1.6 (0.5 1.6 (0.6) 1.5(0.5) 1.6 (0.6) 1.5(0.5) 0.162

LDL-C (mmol/L) 2.8(1.0) 2.8 (1.0) 2.9(1.0) 3.0(1.2) 3.1(1.0) <0.001 c,d
TG (mmol/L) 1.2(0.8) 1.2 (0.9) 1.4 (1.0) 1.8(1.5) 1.7(1.1) <0.001 b,c,d

Statistical indicators: a: NGR group vs. IFG group; b: NGR group vs. IGT group; c: NGF group vs. CGI group; d: NGR group vs. NDDM
group. NGR, normal glucose regulation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; CGl, combined IFG&IGT, NDDM,
new diagnosis diabetes mellitus; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; TG, triglycerides.
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Figure 4 Values of metabolic indexes at different glucose status. (A) The values of the serum lipid metabolic parameters at different
glucose status; (B) the values of SBP, DBP, and heart rate at different glucose status. *, P<0.05. TC, total cholesterol; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood

pressure.

Table 4 Value of blood pressure and heart rate at different glucose status

Parameters NGR (n=604) IFG (n=118) IGT (n=207) CGI (n=118) NDDM (n=166) P value P<0.05
SBP 130.3 (19.6) 134.2 (22.4) 136.3 (19.7) 139.0 (20.8) 145.2 (21.2) <0.001 b,c,d
DBP 76.7 (12.3) 78.8 (11.6) 78.3 (12.3) 80.7 (16.5) 80.5 (11.1) <0.001 b,c,d
HR 78.7 (14.0) 83.3 (18.3) 83.0 (15.3) 84.3 (18.8) 86.7 (19.3) <0.001 a,b,c,d

Statistical indicators: a: NGR group vs. IFG group; b: NGR group vs. IGT group; c: NGF group vs. CGI group; d: NGR group vs. NDDM
group. SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; NGR, normal glucose regulation; IFG, impaired fasting
glucose; IGT, impaired glucose tolerance; CGl, combined IFG&IGT; NDDM, new diagnosis diabetes mellitus.
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Table 5 Values of indexes at different glucose status
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Parameters NGR (n=604) IFG (n=118) IGT (n=207) CGl (n=118) NDDM (n=166) P value P<0.05
ALT 18.0 (11.0) 18.0 (11.0) 19.0 (13.0) 18.0 (11.0) 23.0 (15.0) <0.001 b,d
Ur 5.3 (1.7) 5.2 (1.9) 5.2 (1.5) 5.6 (1.8) 5.4 (1.7) 0.956

Cr 63.0 (18.0) 67.0 (17.0) 58.0 (21.0) 59.0 (19.0) 62.5 (20.0) <0.001 b
TSH 2.3 (2.0) 2.3 (2.0) 2.2 (2.0) 2.5 (2.0) 2.3 (1.0) 0.599

FT3 5.1 (0.9) 5.4 (0.9) 5.0 (0.8) 5.2 (0.9) 5.0 (0.9) 0.002 a
FT4 15.6 (2.7) 15.5 (2.8) 15.5 (3.1) 15.5 (3.9) 15.5 (2.9) 0.482

Statistical indicators: a: NGR group vs. IFG group; b: NGR group vs. IGT group; c: NGF group vs. CGI group; d: NGR group vs. NDDM
group. NGR, normal glucose regulation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; CGl, CGl, combined IFG/
IGT; NDDM, new diagnosis diabetes mellitus. ALT, alanine aminotransferase; Ur, urea nitrogen; Cr, creatinine. TSH, Thyroid Stimulating

Hormone; FT3, free triiodothyronine, FT4, free tetraiodothyronine.

We also observed the value change of AL'T, Ur, Cr, FT3,
FT4, and TSH at different glucose status in the community,
as shown in Table 5, and there was a significant difference
in ALT between the NGR and IGT groups or between
NGR and NDDM groups. The Cr level in the IFG group
was significant compared to the normal glucose group, and
only FT3 showed a significant difference between the NGR
group and the IFG group of thyroid indicators.

Discussion

There are approximately 425 million DM patients
worldwide, of whom 114 million are in China (12,13). In
the past 30 years, with the rapid economic growth and
increasing population, the prevalence of type 2 diabetes in
China has substantially increased (14,15). However, there
are enormous variations in diabetes prevalence among urban
and rural areas and wealthy and poorer regions. A 2010
Chinese survey found the prevalence of diabetes ranged
from 14.3% in urban and 10.3% in rural areas (16). Higher-
income urban counties also had a higher average prevalence
rate (13.1%), than rural low-income counties (8.7%) (17),
while in a 2013 survey these figures were 12.6% and 9.5%,
respectively (18). However, many patients with diabetes go
undiagnosed, and while 13.7% of subjects in the present
study had been diagnosed with diabetes newly and 36.5%
with prediabetes, more than half of cases were undiagnosed
before this study. Differences in regional economic
development and living habits have different effects on the
incidence of diabetes. A recent epidemiological survey (7)
enrolled a total of 75,880 volunteers from 31 provinces and
administrative regions in mainland China between 2015
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to 2017 and revealed the prevalence of diabetes in Chinese
adults to be 12.8%. In Shanghai area, a study run in 1998
resulted that age-standardized prevalence was not statistically
different between males and females: respectively 2.54%
and 2.14% for DM and 1.42% and 1.31% for IGT (19).
Another study was run among Shanghai residents aged
35 and above in 2013 and found that the prevalent of DM
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 (20). In the current survey, we investigated
inhabitants of the Shanghai Songjiang district to explore
their glucose status and management. Songjiang district
is in southwest of Shanghai, suburban area. The subjects
recruited are the residents of Shanghainese and the survey
from the subjects has the important reference value for
the prevalent of DM in the specific area of Shanghai. Our
community-based survey showed the prevalence of NDDM
was 13.7% and the ratio of PD reached as high as 36.5%.
Importantly, the results also showed over 50% of inhabitants
were unaware of the importance of blood glucose levels and
high risk of metabolic syndrome. Considering aged 45 and
above residents without DM history, we didn’t subgroup to
Type 1 or Type 2 DM for further discussion.

In a meta-analysis of 35 reports on type 2 DM in China
from 1997 to 2017 (21), Zhou ez 4l. found a greater number
of males were affected than females. In our research, the
incidence of abnormal glucose metabolism in women
(56.6%) was higher than in men (42.4%), especially for
those aged 56-60-year-old. Studies have reported that
compared with men, postmenopausal women have a
significantly higher incidence of metabolic diseases such
as obesity, type 2 diabetes, and coronary heart disease.
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Aekplakorn er al. evaluated six groups; a normal diet
group (NOR), normal diet & ovariectomized group
(NOR + OVX), normal diet & ovariectomized & estrogen
replacement group (NOR + OVX + E2), high-fat diet
group (HF), high-fat diet & ovariectomized group (HF
+ OVX), and high-fat diet group & ovariectomized &
estrogen replacement group (HF + OVX + E2), and after
20 weeks, the blood glucose level and related indicators
were monitored (22). The results showed that estrogen
therapy could improve insulin resistance by reducing
weight, and by acting on adipose tissue directly, affecting
the level of adipokines to reduce visceral fat mass and
improve insulin sensitivity. In addition, Guo investigated
a new pathway for estrogen combining with FOXOI1 to
reduce insulin resistance (23). These two studies indicate
56-60-year-old females face the challenge of abnormal
glucose regulation induced by lower estrogen levels, and
estrogen therapy could not only alleviate menopause
syndrome, but also control their glucose regulation.

To better understand the risk factors associated with
diabetes, we ran single factor and multiple factor regression
analysis (raw data: Table S4), and found age, BMI, WHR,
TG, fat mass, fat rating, SBP, and HR were related risk
factors. Abnormal lipid and abnormal glucose metabolism
were mutual inducements, and both were high-risk factors
for metabolic syndrome. BMI and WHR were increased
significantly in the PD and NDDM groups, and insulin
resistance was significantly higher than that in the normal
group, while the function of B-cells in the pancreatic islets
was significantly reduced. These results are consistent with
the fact that obesity can cause insulin resistance (24). What
surprised us was that 91.4% of female subjects from this
community suffered higher WHR with central obesity, and
the ratio of 56-60-year-old was higher than other age range
groups.

A recent study examined physical examination parameters
and the results of a 75-g OGTT, fasting blood glucose,
fasting insulin, serum uric acid, and other biochemical
indicators in 2,082 cases of healthy individuals. The
correlation between BMI and pancreatic B-cell function
was also investigated (25), and the results showed a positive
relationship between BMI and the level of HOMA-B and
HOMA-IR, and a negative relationship between BMI and
insulin level. The researchers proposed that obesity induces
the compensatory increase of islet cell function, but insulin
secretion was decreased significantly. The mechanisms
and the relationship of BMI and islet function, as well as
BMI and blood glucose metabolism require further study.
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As a risk factor, blood pressure was also associated with
type 2 diabetes, which was substantiated in our results.
Aronow proposed that it is important to control arterial
hypertension in adults with DM, and clinicians should target
blood pressure at 120-130/80 mmHg to reduce the risk of
stroke, with close monitoring for all drug-related adverse
events (26). Thyroid hormones are critically important for
regulating energy balance and the metabolism of glucose
and lipids, and there are many reports on the relationship
between thyroid hormone levels and insulin sensitivity.
Wang reported that low free T3 (FT3) was significantly
associated with decreased HOMA-IR (27). Insulin
resistance is also associated with low thyroid hormone levels
in non-diabetic individuals, and, paradoxically, it has been
known for decades that hyperthyroidism is associated with
IR. However, hypothyroidism has recently been reported to
be associated with IR. Despite the exclusion of patients with
thyroid dysfunction in our study and the regression analysis
showing negative results, we also found the level of F'T'3 was
significantly corelated with impaired fasting glucose. The
mechanisms underlying the relationship between thyroid
function and glucose regulation are intriguing and require
further study.

An urban lifestyle with less exercise, increased stress,
and sweet food are the key factors causing obesity. On the
other hand, obesity induces abnormal glucose regulation.
Our study in the community of Shanghai Songjiang district
explored the prevalence of PD and DM. The simple survey
focuses on the community-based residents in suburban area
of Shanghai and hint the potential high risk of the regional
economic development and living habits to prevalent of
diabetes. The results highlight the importance of managing
the health status of individuals with sub-clinical disease
to control the incidence of diabetes and other metabolic
syndromes. The strategy of community-based education
and supervision should be done to urge weight control,
more exercise and the bio-parameters regular screening,
especially for aging residents.
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Supplementary

Table S1 Age constituent ratio at different sex and different glucose status groups

NGR IFG CGl NDDM

Age Male Female Male Female Male Female Male Female Male Female

(n=271) (n=333) (n=67) (n=51) (n=72) (n=135) (n=43) (n=75) (n=72) (n=94)
45-50 years 63 84 11 8 7 27 9 4 8 6
51-55 years 51 68 10 11 9 19 9 13 14 9
56-60 years 64 74 15 9 19 34 9 19 11 26
61-65 years 33 48 9 13 16 23 6 15 24 24
66-70 years 41 26 14 7 11 19 7 15 8 13
71-75 years 8 15 7 1 4 6 3 4 4 5
75— years 11 18 1 2 6 7 0 5 3 11

NGR, normal glucose regulation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; CGl, combined IFG/IGT; NDDM, new
diagnosis diabetes mellitus.

Table S2 Age constituent ratio of BMI 224 kg/m’ at different glucose status groups

Male (n=325), n (%)

Female (n=387), n (%)

hoe NGR (n=142) PD (n=127) NDDM (n=56) P value NGR (n=150) PD (n=166) NDDM (n=71) P value
45-50 years 32 (22.5) 19 (15.0) 8 (14.3) 0.183 30 (20.0) 19 (11.4) 6 (8.5) 0.096
51-55 years 21 (14.8) 20 (15.7) 10 (17.9) 29 (19.3) 27 (16.3) 9(12.7)
56-60 years 33(23.2) 32 (25.2) 8(14.3) 33 (22.0) 40 (24.1) 19 (26.8)
61-65 years 21 (14.8) 24 (18.9) 19 (33.9) 31(20.7) 33(19.9) 18 (25.4)
66-70 years 23 (16.2) 22 (17.3) 6 (10.7) 11 (7.3) 32 (19.3) 9(12.7)
71-75 years 5 (3.5) 7 (5.5) 4(7.1) 6 (4.0) 7(4.2) 4 (5.6)
75- years 7 (4.9) 3(2.4) 1(1.8) 10 (6.7) 8(4.8) 6 (8.5)
NGR, normal glucose regulation; PD, pre-diabetes; NDDM, new diagnosis diabetes mellitus.
Table S3 Age constituent ratio of WHR 20.85 (female) or 0.9 (male) at different glucose status groups
Male (n=335), n (%) Female (n=521), n (%)
hoe NGR PD NDDM P value NGR PD NDDM P value
45-50 years 23 (14.9) 8 (6.5) 3(5.2) 0.057 45 (19.1) 25 (12.1) 6(7.7) 0.002
51-55 years 39 (25.3) 22 (17.9) 10 (17.2) 50 (21.2) 30 (14.5) 7 (9.0)
56-60 years 27 (17.5) 29 (23.6) 10 (17.2) 56 (23.7) 53 (25.6) 19 (24.4)
61-65 years 25 (16.2) 23 (18.7) 15 (25.9) 39 (16.5) 39 (18.8) 20 (25.6)
66-70 years 26 (16.9) 23 (18.7) 12 (20.7) 19 (8.1) 39 (18.8) 11 (14.1)
71-75 years 5(3.2) 14 (11.4) 5 (8.6) 11(4.7) 10 (4.8) 5(6.4)
75— years 9 (5.8) 4 (3.3 3(5.2) 16 (6.8) 11 (5.3) 10 (12.8)

NGR, normal glucose regulation; PD, pre-diabetes; NDDM, new diagnosis diabetes mellitus.
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Table S4 Regression analysis based on normal glucose level and abnormal glucose level

Single factor

Multiple factors

Variables
OR (95% Cl) P OR (95% Cl) P

Age 1.035 (1.022-1.050) <0.001 1.029 (1.015-1.044) <0.001
Sex 1.137 (0.906-1.428) 0.267

BMI 1.156 (1.113-1.200) <0.001 1.111 (1.067-1.156) <0.001
TG 1.414 (1.250-1.600) <0.001 1.266 (1.121-1.429) <0.001
Fat rating 1.045 (1.029-1.060) <0.001

Fat mass 1.040 (1.021-1.059) <0.001

Visceral fat mass 1.006 (0.995-1.017) 0.271

SBP 1.032 (1.024-1.040) <0.001 1.020 (1.012-1.028) <0.001
HR 1.017 (1.008-1.026) <0.001 1.013 (1.004-1.022) <0.01
TSH 0.973 (0.932-1.016) 0.210

FT3 1.022 (0.900-1.159) 0.741

FT4 0.968 (0.927-1.011) 0.145

BMI, body mass index; TG, triglycerides; SBP, systolic blood pressure; HR, heart rate. TSH, thyroid-stimulation hormone; FT3, free
triiodothyronine, FT4, free tetraiodothyronine.
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