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Materials and Methods: Participants from the Shanghai Baosteel Cohort (age

>20 years) without diabetes at baseline were recruited in a 6-year follow-up study. In
order to explore risk factors for diabetes, this cohort was categorized into two groups:
new diabetes and no diabetes. Three models were developed by Cox regression analysis.
The model accuracy was assessed using the area under the receiver operating characteris-

Results: A total of 6,542 individuals were included in the Shanghai Baosteel Cohort

Study. Of them, 368 (5.6%) developed type 2 diabetes at the end of the follow-up period.

doi: 10.1111/jdi.12395

Cox regression analysis found a close association between incident type 2 diabetes and

several risk factors including non-alcoholic fatty liver diseases at baseline. The Shanghai

Baosteel Score including advanced age (2 points), hypertriglyceridemia (2 points), obesity
(2 points), non-alcoholic fatty liver diseases (2 points) and impaired fasting glucose (3
points) had a good diagnostic performance with estimated area under the receiver oper-
ating characteristic curve (0.724), sensitivity (57.9%) and specificity (72.2%) at a cut-off point
of >3.

Conclusions: A risk-scoring system including non-alcoholic fatty liver diseases can help

identify individuals at a high risk of diabetes in the East Chinese population.

INTRODUCTION

Type 2 diabetes has become a serious worldwide public health
problem over the past decades, and has increased the burden
of patients, their families and the healthcare system. The global
prevalence of type 2 diabetes in 2013 was 8.3% in adults, with
current projections estimating 592 million diabetic people by
2035'. The prevalence of type 2 diabetes is much higher in
low- and middle-income countries than developed countries.
According to the Diabetes Atlas, China had 98.4 million
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diabetes patients in 2013, the largest diabetic population in the
world'. The direct medical cost of type 2 diabetes in 2008
reached $9.1 billion, the increased economic burden is thus a
significant challenge for China®. There has been great interest
in predicting incident type 2 diabetes in the general population
in order to prevent the epidemic of this disease’,

According to the American Diabetes Association criteria, gly-
cated hemoglobin (HbAlc) is an important diagnostic tool for
diabetes. However, it is not routinely used in health check-up
centers or community hospitals. Therefore, it is pivotal to know
whether the incidence of diabetes can be predicted with risk
factors including impaired fasting glucose (IFG). Based on
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epidemiological research, the risk factors associated with the
onset of type 2 diabetes are not clear. Most of the existing dia-
betes risk prediction models are based on a cross-sectional
study evaluating subjects with the associated risk factors of dia-
betes* ®. Although there are established models based on cohort
studies” ", most are studies of Western populations, with just a
few in Asian populations. Recently, some predicting models
were set up in Chinese adults, but they are all from North
China” ®.

Epidemiological studies have shown that non-alcoholic fatty
liver disease (NAFLD)-related biomarkers (such as serum
alanine aminotransferase and gamma-glutamyltransferase) and
ultrasound-based NAFLD can be used to predict type 2 dia-
betes'® '°. However, to date, few studies have focused on the
association between dyslipidemia, NAFLD and type 2 dia-
betes'®. In the present large-scale cohort study, we established a
new simple scoring system to explore whether hyperlipidemia
and NAFLD can predict the onset of type 2 diabetes in Shang-
hai, China.

METHODS

Data Selection

The Shanghai Baosteel Study included a cohort consisting of
apparently healthy employees who underwent health check-ups
every 2 years. A total of 12,640 individuals underwent a base-
line health examination during the period from 1995 to 1996,
and 7,147 individuals were enrolled in this study who under-
went a reexamination 6 years after the initial examination in
2001-2002.

They are followed up every 2 years. Over 5% of 7,147 indi-
viduals who had diabetes at the baseline examination (n = 334)
or with missing data on baseline characteristics (n = 116) were
excluded. In addition, a total of 155 participants with high alco-
hol consumption (n = 58, the ethanol intake per week was
more than 140 g in men, 70 g in women, in the past
12 months), cancer (n = 51), hepatitis C virus infection
(n = 12), autoimmune liver disease (1 = 2) and missing data
on the following follow-up health check-ups (n = 49) were
excluded. Consequently, a total of 6,542 participants were
recruited into the study for the risk of diabetes.

A questionnaire was administered including age, sex, alcohol
consumption, personal medical history and so on. Anthropo-
metric data were collected including height, weight, blood pres-
sure and so on. Body mass index (BMI) was then calculated by
dividing weight in kilograms (kg) by height in meters squared
(m?). Obesity is defined as BMI >25 kg/mz. Blood samples
were obtained for biochemical tests including fasting plasma
glucose (FPG), total cholesterol (TC) and triglycerides (TG)
after an overnight fast of 12 h. Hypertriglyceridemia was
defined as serum TG >1.7 mmol/L and hypercholesteremia as
serum TC >6.2 mmol/L. The diagnosis of NAFLD was decided
by type B ultrasound criteria, including hepatorenal echo con-
trast, liver brightness, deep attenuation and vascular blurring,
using a 3.5-MHz probe. The definition of type 2 diabetes
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incidence was based on a blood test at follow up, according to
the American Diabetes Association criteria”, as well as diagno-
sis and/or receipt of diabetes medication during follow up.

The investigations were carried out by trained nurses from
the Center for Health Care of Shanghai Baosteel. The study
protocol followed the Ethical Guidelines for Clinical/Epidemio-
logical Studies of the National Health and Family Planning
Commission of the People’s Republic of China in accordance
with the Declaration of Helsinki, and received ethical approval
from the institutional review boards of all participating institu-
tions. Informed consent was obtained from all participants.

Statistical Analysis

Baseline characteristics were summarized separately in new dia-
betes and no diabetes at follow up, and compared using
unpaired t-tests for continuous variables and y’-tests for cate-
gorical variables. The relative risks (RR) and 95% confidence
intervals (95% CI) were calculated using proportional hazards
models adjusted for age and sex.

To develop the risk scores for predicting the 6-year incidence
of diabetes, we estimated point scores from the B coefficients of
three multivariate Cox proportional hazards models. The first
model, including the continuous variable, was based on age,
TG, BMI and FPG. The second model, including the binary
variable, was based on age group (age <55 years or >55 years),
hypertriglyceridemia, obesity, NAFLD and IFG. Then the third
model, a scoring system, was developed for each significant
variable in the second model, and a score was assigned to each
variable based on the regression coefficients by 10 and round-
ing to the nearest integer. The Shanghai Baosteel Score (SBS)
was calculated as the sum of points for each variable in the
third model. A Cox hazard regression model with a significant
incidence of diabetes-related variables was set up by the
following  formula:  risk  score = X1 x Bl + X2 x [2,
..+ Xp x Bp.

For each model, the predictive performance of the risk score
was evaluated with respect to the area under the curve (AUC)
in a receiver operating characteristic curve (ROC), sensitivity,
specificity, positive likelihood ratio (sensitivity / [1-specificity])
and negative likelihood ratio ([1-sensitivity] / specificity) were
calculated. The cut-off score that gave the maximum sum of
sensitivity and specificity was taken as the optimum.

All statistical tests were two-sided with a type I error of 0.05,
and P-values <0.05 were considered statistically significant. Sta-
tistical analysis was carried out using SPSS 13.0 software (SPSS
Inc, Chicago, IL, USA).

RESULTS

Participants’ Characteristics

Baseline characteristics of the study population are presented in
Table 1. Of 6,542 individuals, 5,617 were men (85.9%), with an
average age of 353 % 10.0 years. The average BMI was
22.6 kg/m”. At baseline, the prevalence of obesity, hypertriglyc-
eridemia, hypercholesteremia, and fatty liver were 20.7%,
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Table 1 | Baseline characteristics by incident diabetes status and univariate analyses of the relative risk for diabetes

Characteristic Total (n = 6,542) New diabetes (n = 368) No diabetes (n = 6174) RR (95% Cl) P-value
Sex, % (men) 859 90.2 856 1 91 (1.34-270) 0014
Age (years) 353+ 100 394+ 112 351198 4 (1.03-1.05) <0.001
Height (cm) 1702 £ 66 1698 *+ 64 1702 £ 66 098 (0.96-1.00) 0224
Weight (cm) 656 £ 96 706 + 97 653 + 95 1 05 (1.04-1.06) <0001
BMI (kg/mz) 226+ 29 245+ 32 225+ 28 0 (1.16-1.24) <0.001
FPG (mmol/L) 548 + 0.56 585+ 062 546 + 055 3 (260-3.77) <0.001
TC (mmol/L) 441 £ 090 474 £ 102 439 £ 089 1 27 (1.13-143) <0.001
TG (mmol/L) 143 £ 1.08 203 £ 147 139 £ 105 3 (1.25-141) <0.001
Obesity (%) 20.7 421 194 238 (1.93-295) <0.001
Hypercholesteremia (%) 83 160 78 9 (1.09-2.04) <0001
Hypertriglyceridemia (%) 26.1 46.7 249 6 (1.76-267) <0.001
IFG (%) 144 399 128 365 (296-4.51) <0.001
NAFLD (%) 32 130 26 401 (296-544) <0001

Data are % or mean = standard deviation. P-values for continuous outcomes were based on a t-test and y’-test for categorical variables. Relative
risk (RR) and 95% confidence interval (Cl) were adjusted for age and sex by proportional hazards models. BMI, body mass index; FPG, fasting plasma
glucose; IFG, impaired fasting glucose; NAFLD, non-alcoholic fatty liver disease TC, total cholesterol; TG, triglycerides.

26.1%, 8.3% and 3.2%, respectively. During the 6-year follow
up, 368 participants (5.6%) developed type 2 diabetes, and the
100-person year incidence of diabetes was 0.93. All participants
were categorized into two groups, the baseline characteristics of
the two groups are shown in Table 1. The prevalence of
NAFLD was higher in the new diabetes group (13.0%) com-
pared with the no diabetes group (2.6%).

Risk Factors for Diabetes

Table 1 shows the relative risks associated with the onset of dia-
betes, adjusted for age and sex by proportional hazards models.
Baseline BMI, IFG, TG, TC and the presence of NAFLD were
associated with the incident of diabetes after adjusted for age

and sex. Of them, IFG and NAFLD at baseline were strong risk
factors for type 2 diabetes at the end of the 6-year follow-up
period. The risk of diabetes was fourfold higher in the NAFLD
group than in the participants without NAFLD. However, IFG
was considered as the strongest risk factor after adjusting con-
founding factors (Table 2). Using Cox multiple regression analy-
sis, age was also the factor strongly related to the incidence of
diabetes, while serum TC level was ruled out (Table 2).

Constructing the Prediction Model

Based on Cox regression, we developed three different models
to estimate the risk of diabetes (Table 2). Model 1 was based
on age, BMI, TG and FPG. Model 2 was created by binary

Table 2 | Results of Cox regression analyses predicting newly detected diabetes: The content of three predictive models

Variables Model 1 Model 2 SBS
B HR (95% CI) B R (95% Cl) P
Age (years) 0025 102 (1.01-1.03) - - -
Age range (0, <55 years; 1, >55 years) - - 0569 177 (131-238) 2
BMI (kg/m?) 0.132 114 (1.1-1.18) -
Obesity (0, BMI <25; 1, >25 kg/mz) - - 0.568 1.76 (14-2.22) 2
TG (mmol/L) 0.154 1.17 (1.09-1.25) - - -
Hypertriglyceridemia (0, no; 1, yes) - - 0442 1.56 (1.25-1.94) 2
FPG (mmol/L) 0974 265 (22-3.19) - - -
IFG (0, no; 1, yes) - - 1.148 3.15 (254-391) 3
NAFLD (0, no; 1, yes) - - 0.773 217 (1.56-3.01) 2
Model 1 score (continuous variable) = 0025 x age + 0.154 x TG + 0.132 x BMI 4+ 0974 x FPG. Model 2 score (binary variable) = 0569 x age

(0, age <55 years; 1, age =55 years) + 0442 x TG (0, no;1, yes) + 0568 x obesity (0, BMI <25;1, BMI >25 kg/m?) + 0.773 x non-alcoholic fatty
liver disease (0, no; 1, yes) + 1.148 x IFG (0, no; 1, yes). Model 3 Score (SBS) = age(0, age <55 years; 1, age >55 years) x 2 + TG (0, no; 1,

yes) x 2 + obesity (0, BMI <25;

1, BMI 225 kg/m?) x 2 + non-alcoholic fatty liver disease (0, no;

1,yes) x 2 +IFG (0, no; 1, yes) x 3. BMI, body

mass index; FPG, fasting plasma glucose; HR, hazard ratio; IFG, impaired fasting glucose; NAFLD, non-alcoholic fatty liver disease; P, points scored;

SBS, Shanghai Baosteel Score; TG, triglycerides.
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variable (age range, obesity, hypertriglyceridemia, IFG and
NAFLD). Model 3 was a risk score (SBS) based on model 2
including age range (2 points), hypertriglyceridemia (2 points),
obesity (2 points), NAFLD (2 points) and IFG (3 points), a
total of 11 points. The AUC for models 1, 2, and 3 were 0.727,
0.752 and 0.724, respectively (Figure 1). The optimal cut-off
value of the SBS was over 3 points. Among all participants,
24.8% had a risk score more than SBS. The sensitivity and
specificity for predicting incident diabetes was 57.9% and
77.2%, respectively (Table 3).
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DISCUSSION

It is well known that the early detection and prevention of
type 2 diabetes are very important to reduce the health burden
worldwide, especially in developing countries and low-income
countries'® '°. In the present study, we examined the risk fac-
tors for newly developing type 2 diabetes among individuals in
the Shanghai Baosteel Cohort, and we developed a new risk-
score system based on demographic and clinical data. To our
knowledge, this is the first study to develop a scoring system to
predict type 2 diabetes in East China. Participants enrolled in
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Figure 1 | Receiver operating characteristic curves showing the performance of each model score in predicting incident diabetes in the Baosteel
cohort. The 95% confidence interval is given in parentheses. AUC, area under the curve.

Table 3 | Screening performance of the developed diabetes risk scores for predicting future type 2 diabetes

Score Area under the ROC curve (95% Cl) Optimal cut-off value Sensitivity (%) Specificity (%) LR+ LR—
Model 1 0.727 (0.698-0.755) >0671 5842 77.1 255 054
Model 2 0.752 (0.725-0.779) >0864 65.76 7271 241 047
SBS 0.724 (0695-0.752) >3 57.88 7723 254 0.55
Cl, confidence interval; LR+, likelihood ratio for a positive test result; LR—, the likelihood ratio for a negative test result; ROC, receiver operating
characteristics curve; SBS, Shanghai Baosteel Score.
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the present study were mostly healthy workers from the Shang-
hai Baosteel Limited company.

The variables included in model 1 were age, BMI, serum TG
and FPG. These variables are easily obtained in check-up cen-
ters and community hospitals. When adding NAFLD to
model 1, the predictive ability increased from 0.727 to 0.752.
The risk-score system based on model 2 had good discrimina-
tion ability (AUC 0.724, 95% CI 0.695-0.752). The scoring sys-
tem produced by the present study includes simple clinical
factors that could be assessed anywhere in a primary healthcare
institution; that is, age, obesity, serum TG and IFG. By using
this risk score, most clinicians or healthcare providers will be
able to carry out screening in a large population. People at high
risk are recommended to undergo further examinations, such
as the oral glucose tolerance test and HbAlc test, and seek
advice from a specialist for early diagnosis of diabetes. In our
opinion, these individuals should be advised to develop healthy
lifestyles, such as exercise and calorie restriction.

During the past years, many risk scores have been developed
elsewhere. Most of them were developed in Caucasians, and
contain variables that might not be readily available in other
populations. von Eckardstein et al*’, based on 6.3-year follow
up in a German population, established the Prospective Cardio-
vascular Munster model to predict the incidence of diabetes
with an AUC of 0.79. In addition, the San Antonio model was
established by Stern®' to predict the risk of the onset of dia-
betes in Mexican Americans and non-Hispanic whites with a
follow-up period of 7.5 years. That model was very complicated
and included many factors, such as age, sex, obesity, family his-
tory of diabetes, FPG, blood pressure, high-density lipoprotein
cholesterol and other biological markers, which made it difficult
to apply. Recently, Wilson et al??, based on the Framingham
Offspring Study, constructed another predictive model of dia-
betes including FPG, BMI, high-density lipoprotein cholesterol,
TG and family history of hypertension. The present study con-
firms and extends the results of these previous studies that
FPG, BMI and TG are significantly associated with the inci-
dence of diabetes in the adult population. The present study
also verified that NAFLD was closely related to the prevalence
and incidence of diabetes, which was consistent with the recent
reports' 23-26.

However, there were several limitations that should be con-
sidered based on the present study. First, we did not validate
this risk score or compare this score with other models. Second,
2-h postload glucose test and HbAlc were not included in our
study, although they are important tools for the diagnosis of
diabetes. In clinical practice, it is inconvenient, unavailable and
expensive to obtain these data when people undergo a health
check-up. Finally, we used type B ultrasound to diagnose fatty
liver. It is inaccurate, as it cannot identify mild hepatic steatosis,
but it is much more feasible and convenient***°. Histological
diagnosis of NAFLD by liver biopsy is the golden standard,
while it seems to be invasive and impractical in a health check-
up and follow up.

http://onlinelibrary.wiley.com/journal/jdi

In conclusion, we found three models that are effective in
estimating the risk of diabetes in the Shanghai Baosteel Cohort
Study, and developed a new risk score system based on these
models. This model promotes public awareness of controlling
obesity, dyslipidemia, NAFLD and therefore adopting a healthy
lifestyle to prevent diabetes.
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