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Abstract BN
The worldwide prevalence and incidence of diabetes and obesity are increasing in pandemic proportions. This is particularly relevant |
for China, where an extremely large population is growing, aging, and urbanizing. We thus conducted a prospective study to examine
the prevalence and incidence of impaired fasting glucose (IFG) and diabetes, the rate at which fasting blood glucose rises, and the
major modifiable risk factors associated with these outcomes in a large Chinese population from the Kailuan prospective study.

A prospective cohort included 100,279 Chinese participants, aged 18 years or more, who had available information on fasting
blood glucose concentrations at the start of the study (2006). Examination surveys were conducted every 2 years in 2008 and 2010.
For the analyses of incident diabetes, we included 76,869 participants who were free of diabetes, cardiovascular disease, and cancer
at the baseline and participants in the 2008 and/or 2010 follow-up. Diabetes was defined by a fasting blood glucose concentration
>7mmol/L, self-reported history, or active treatment with insulin or any oral hypoglycemic agent. IFG was defined by a fasting blood
glucose concentration between 5.6 and 6.9 mmol/L.

During the 4-year study, the prevalence of diabetes and IFG rose from 6.6% to 7.7%, and 17.3% to 22.6%, respectively. There
were 17,811 incident cases of IFG and 4867 incident cases of diabetes. The age-standardized incident rate of IFG and diabetes were
62.6/1000 person-years (51.2/1000 person-years in women and 73.8/1000 person-years in men) and 10.0/1000 person-years (7.8/
1000 person-years in women and 12.1/1000 person-years in men), respectively. We observed steady increases in fasting blood
glucose with body anthropometrics and in every defined category of body mass index, including in those traditionally considered to
be well within the “normal” range.

In this large longitudinal study of Chinese adults, we observed a high prevalence and incidence of IFG and diabetes over 4 years of
follow-up. Our findings are alarming for Chinese public health since steady rises in fasting blood glucose were seen across all
permutations of body habitus, even apparently very lean individuals.
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1. Introduction

The worldwide prevalence and incidence of chronic non-
communicable diseases, particularly diabetes and obesity, are
increasing in pandemic proportions.'"! South and southeast Asian
countries are predicted to represent a disproportionately large
burden of the global incidence of diabetes. This is particularly
relevant for China, where an extremely large population is
growing, aging, and urbanizing. The epidemiologic forecast
predicts that the prevalence of diabetes in China will double
between 2000 and 2030."?! Perhaps more alarming is the fact
that the prevalence of prediabetes cases is expected to be several
fold higher than the number of diabetes cases, thereby
dramatically magnifying the pool of at-risk individuals.'!

The ramifications of uncontrolled increases in adiposity and
consequent increases in the incidence of impaired fasting glucose
(IFG) and diabetes in China are expected to be disastrous: higher
body mass index (BMI) and impaired glycemic control contribute
to micro- and macrovascular complications®! and predict
mortality.”>®! Addressing the epidemic of diabetes and diabe-
tes-associated complications has been identified as a public policy
priority for China to reduce death, disability, and improve quality
of life measures.”! A failure to address these outcomes may
have immeasurable effects on China’s domestic economy, and
global economies, by influencing human health and healthcare
allocations.

Fortunately, interventions to modify risk factors that result in
impaired glycemic control and diabetes have shown the potential
for success by mitigating the incidence of diabetes in the United
States'®! and in China."” In order for large-scale public health
initiatives in China to better identify populations at risk for
developing IFG and diabetes, and institute measures to halt their
progression, an improved understanding of the incidence of IFG
and diabetes as well as the associated modifiable risk factors is
needed. In particular, since progressive increases in fasting blood
glucose can predict impending IFG and diabetes, identifying
factors that contribute to rising blood glucose over time may
help target interventions. With Chinese public health policies
in mind, we aimed to identify the prevalence and incidence of
IFG and diabetes, the rate at which fasting blood glucose rises,
and the major modifiable risk factors associated with these
outcomes in a large Chinese population from the Kailuan
prospective study.

2. Materials and methods

2.1. Study design and population

The Kailuan study is a prospective cohort study based in the
Kailuan community (a large population of employees of the
Kailuan coal mining company), in the city of Tangshan, a large
modern city southeast of Beijing.''! From June 2006 to
October 2007, all 155,418 employees aged 18 years or more
(including the retired) of the Kailuan Company were invited to
participate. A total of 101,510 participants (81,110 men and
20,400 women, aged 18-98 years) agreed to participate and were
enrolled after written informed consent was obtained. There were
no major demographic differences between those who agreed to

participate in the study and those who declined to participate,
except for a small variation in sex distribution, as previously
described.!'!)

Our present study includes data and longitudinal follow-up of
these participants over 4 years (2006-2010), where surveys were
conducted every 2 years (2006, 2008, and 2010). The main
analytic aims of this report include determination of the
prevalence and incidence of diabetes in participants across the
4-year period, determination of the prevalence and incidence of
IFG during the 4-year period, and identifying modifiable
variables that may contribute to incident diabetes and IFG in
this population.

2.2. Ethical review

The study was approved by the Ethics Committee of the Kailuan
General Hospital and Brigham and Women’s Hospital in Boston.

2.3. Assessment of the prevalence and incidence of IFG
and diabetes

For TIFG and diabetes prevalence calculations, we included the
100,279 participants who had available information on fasting
blood glucose concentrations. To calculate the true incident
diabetes rate, we excluded participants who had diabetes (n=
9486) and those who did not participate in the 2008 or 2010
surveys (n=13,228). Participants who did not follow-up on
subsequent exams were older and more likely to be women and
had lower educational level and higher prevalence of hyperten-
sion and family history of diabetes (eTable 1, http:/links.lww.
com/MD/B396). Because of the risk that a prior diagnosis of, or
active treatment for, cancer and cardiovascular disease (CVD)
could influence current glycemic control, we further excluded
individuals with a history of cancer and CVD (n=693) to
establish a study population of 60,189 men and 16,680 women
(n=76,869) for the analyses of incident diabetes. Diabetes was
defined by a self-reported history, active treatment with insulin
or any oral hypoglycemic agent, or a fasting blood glucose
concentration >7.0mmol/L. To calculate the true incidence of
IFG, we further excluded 18,055 participants who had IFG at
baseline in 2006, leaving 58,814 participants (44,904 men and
13,910 women) for the incident IFG analyses. IFG was defined by
a fasting blood glucose concentration between 5.6 and 6.9 mmol/
L. Participant inclusion is detailed in eFigure 1, http:/links.lww.
com/MD/B396.

2.4. Blood sampling

Fasting blood samples were collected at baseline in 2006 and
again in 2008 and 2010 from the antecubital vein after an 8- to
12-hour overnight fast in vacuum tubes containing ethylene
diamine tetraacetic acid. Fasting blood glucose concentrations in
each survey were measured with the hexokinase/glucose-6-
phosphate dehydrogenase method. The same assay was used on
all participants at baseline in 2006 and at each follow-up
examination in 2008 and 2010. The coefficient of variation using
blind quality control specimens was <2.0%.
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2.5. Assessment of potential exposures and covariates

Weight and height were measured by trained field workers during
the interview, and BMI was calculated as weight (kg)/height (m?).
Waist circumference (WC) was measured with a nonstretchable
tape held at the level of the naval while standing without clothing.
We measured hip circumference at the level of the maximal
protrusion of the gluteal muscles (hips). The position was verified
by passing the tape measure above and below the observed
maximum. Waist-to-hip ratio (WHR) was calculated as WC
(cm)/hip (cm).

Systolic blood pressure (SBP) and diastolic blood pressure were
measured twice from the seated position using a mercury
sphygmomanometer. The average of the 2 readings was used for
the analyses. Information on potential confounders, such as age;
sex; educational level; average income of each family member;
and family history of diabetes, smoking, alcohol intake, physical
activity, and work environment was collected via questionnaires
in 2006 and updated every 2 years, as detailed in online text.

Information on smoking, alcohol intake, physical activity, and
work environment was collected using questionnaires. Physical
activity was evaluated from responses to questions regarding the
frequency of physical activity (20+ minutes per time) during
leisure time, with the possible responses including never,
sometimes, and 4+ times per week. Smoking status was classified
using self-reported information as “never”, “past, 1-19
cigarettes/d”, “past, 20+ cigarettes/d”, “current, 1-19 ciga-
rettes/d”, or “current, 20+ cigarettes/d”. Alcohol intake was
classified using self-reported frequency as “never”, “past”,
“current, <1 time/d”, or “current, 1+ times/d”. The possible
responses for work environment included “working on the
ground”, “working underground without exposure to dust”, or
“working underground with exposure to dust”, where the latter 2
choices reflect that minority of the population that was actively
involved in underground coal mining—related work and may or
may not have had direct inhalational or contact exposures that
could be of potential relevance.

2.6. Statistical analyses

To compare our study and population with previous publications
focused on the prevalence of diabetes in China, we calculated the
standardized prevalence and incidence, which were weighted
according to age distribution of the Chinese adult population
aged 18 years or more, based on 2010 China population census
data."?! The prevalence of IFG and diabetes at each follow-up
survey (2006, 2008, and 2010) was calculated as the cross-
section of the number of cases divided by the total population in
that year. Incident IFG and diabetes were defined at the first
development of a fasting blood glucose value fulfilling this
diagnosis. Person-year was calculated from the date the 2006
interview was conducted to the date of that either IFG or diabetes
occurred (depending on the analysis in question), date of death,
or the date of participating in the last interview in this analysis,
whichever came first. Because there was no evidence of
nonproportional hazards for major exposures, we used Cox
proportional hazard models to assess the hazard ratio (HR) of
IFG and diabetes during follow-up, according to baseline obesity
(as assessed by BMI, WC, and WHR) status, adjusting for age,
gender, educational level, family history of diabetes, physical
activity, smoking status, alcohol intake, work environment,
hypertension, and fasting blood glucose concentration. For those
with missing information on 1 covariate, we used a “missing
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value indicator” in the analyses. The time scale for the left-
truncated survival model was age (months), which was
additionally stratified by calendar time in 2-year groups.

The relationship between obesity indices and repeated
measures of rate of change in fasting glucose over the 4-year
period was analyzed using a generalized estimating equation
procedure in Statistical Analysis System (SAS). Different
covariance models were compared based on quasilikelihood
under the independence model criterion. The interaction term of
BMI/WC with time was tested to determine effects of these
obesity indices on the change in fasting glucose over time.

Because approximately 1/3 of the study participants worked
underground in the coal mines, we also conducted a sensitivity
analysis after excluding these participants (n=23,836).

3. Results

3.1. Population characteristics

Individuals with diabetes or IFG, compared to those with normal
fasting blood glucose, were more likely to have lower education,
obesity, hypertension, and family history of diabetes (Table 1).
Individuals with diabetes also tended to adopt a healthier
lifestyle, such as frequent exercise and not smoking/alcohol
drinking, although they were more likely to be past smokers and
alcohol drinkers. Among individuals with diabetes at baseline,
34% were previously diagnosed and 26% were using anti-
glycemic medications.

3.2. Prevalence of IFG and diabetes

The age-standardized prevalence of IFG was 17.3% in 2006,
20.7% in 2008, and 22.6% in 2010, whereas the prevalence of
diabetes was 6.6% in 2006, 7.6% in 2008, and 7.7% in 2010.
The sex-specific prevalence of IFG and diabetes at baseline in

Basic characteristics of participants of the Kailuan study,
according to diabetes status in 2006.

Impaired
fasting
Normal glucose Diabetes

N 69,328 21,462 9489
Age, y 50.6 51.8 56.4
Women, % 22.3 14.5 17.5
Education

lliteracy/primary, % 9.9 12.3 15.2

High school, % 82.5 81.7 80.7

College or above, % 7.6 6.1 41
Body mass index, kg/m2 24.7 25.6 26.2
Waist circumference, cm 86.3 88.0 90.8
Exercise 3+ times/wk, % 14.9 16.3 20.1
Past smoker, % 55 6.3 8.4
Current smoker, % 33.6 38.1 315
Past alcohol drinkers, % 3.7 3.9 6.6
Current alcohol drinkers, % 36.4 42.8 32.5
Fasting glucose, mmol/L 4.8 6.0 9.3
Hypertension, % 38.9 489 61.2
Use of antiglycemics, % 0 0 26.1
Previously diagnosed diabetes, % 0 0 34.3
Family history of diabetes, % 6.5 8.2 12.6
Postmenopausal in 2010 (women only), % 28.2 27.7 38.8
Coal miner, % 30.9 34.7 29.3
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2006 and in subsequent surveys in 2008 and 2010 are shown in
eFigure 2, http:/links.lww.com/MD/B396.

3.3. Incidence of IFG and diabetes

Between 2006 and 2010, we documented 17,811 incident cases
of IFG and 4867 incident cases of diabetes. The age-standardized
incident rate of IFG was 62.6/1000 person-years (51.2/1000
person-years in women and 73.8/1000 person-years in men; P
difference for genders <0.001) and 26.3/1000 person-years when
the World Health Organization (WHO) criteria was used.!'3! The
age-standardized incident rate of diabetes was 10.0/1000 person-
years (7.8/1000 person-years in women and 12.1/1000 person-
years in men; P difference for genders <0.001). The incident rates

Medicine

of IFG and diabetes increased with older age, and the gender
differences disappeared among those aged 60 years or more (P >
0.10) (Fig. 1). Incident rates of IFG and diabetes by age and BMI
categories are displayed in eTable 2, http:/links.lww.com/MD/
B396. When we further included those with cancer and CVD, the
incident rate increased to 75.6/1000 person-years for IFG and
13.9/1000 person-years for diabetes.

3.4. Major modifiable risk factors and the rate of change
in fasting blood glucose

Because we observed significant interactions between gender and
obesity indices (P interaction <0.001 for all), we presented results
for men and women separately. Adiposity, as assessed by BMI,

12
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Figure 1. Incident rate (per 1000 person-year) of diabetes (panel A) and impaired fasting glucose (panel B) according to gender and baseline age in 20086.

*P<0.05, Yp< 0.001, relative to women.
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Relative risk and 95% confidence intervals of diabetes and impaired fasting glucose according to obesity status in men and women in the

Kailuan cohort.

Body mass index, kg/m? <20 20-22.9 23-24.9 25-27.9 28-29.9 30+ P trend
Diabetes
Men

Number 3275 13,060 13,975 18,616 6469 4454

Case number 95 577 779 1435 651 552

Incident rate per 1000 person-years 6.33 9.77 124 17.1 225 28.1

Age-adjusted RR 1 152 (1.22,1.89) 190 (1.54, 2.36) 263 (2.13,3.24)  3.46 (2.79, 429)  4.54 (3.64,5.64) <0.001

Multivariate adjusted RR 1 1.33(1.07,165 1.46(1.18,1.81) 1.88(1.53,232) 229 (1.84,285 278 (2.27, 3.47) <0.001
Women

Number 1549 4588 3853 3866 1349 1305

Case number 14 107 151 211 108 161

Incident rate per 1000 person-years 1.89 4.82 8.23 1.7 171 27.1

Age-adjusted RR 1 2.06 (1.18,3.61) 299 (1.72,519  3.88 (2.25 6.70) 542 (3.09, 9.52)  8.62 (4.96, 15.0)  <0.001

Multivariate adjusted RR 1 1.80 (1.02,3.16) 2.45(1.41,428) 251 (1.44,435  3.24 (1.94,6.05) 4.60 (2.63, 8.06)  <0.001
Impaired fasting glucose
Men

Number 2751 10,320 10,549 13,526 4462 3046

Case number 694 2974 3353 4592 1572 1120

Incident rate per 1000 person-years 60.4 71.2 80.2 86.1 89.8 95.9

Age-adjusted RR 1 118 (1.09, 1.28) 133 (1.23,1.44) 143 (1.32,1.55) 147 (1.35,1.61) 1.63(1.48, 1.79)  <0.001

Multivariate adjusted RR 1 1.08 (1.00, 1.18) 114 (1.05, 1.24) 117 (1.08,1.27)  1.15(1.05,1.26)  1.25 (1.30, 1.38)  <0.001
Women

Number 1396 4015 3256 3074 1056 965

Case number 218 811 809 917 332 323

Incident rate per 1000 person-years 34.8 453 57.3 71.9 76.3 84.1

Age-adjusted RR 1 119 (1.02,1.38)  1.37 (1.18,1.60) 1.67 (1.43,1.94) 1.70 (1.42,2.02)  1.91 (1.60, 2.28)  <0.001

Multivariate adjusted RR 1 1.09 (0.94,1.27) 118 (1.01,1.39) 130 (1.11,1.52) 124 (1.03,1.49) 1.33(1.11,1.60) <0.001

Waist circumference a1 Q2 Q3 04 Q5 P trend
Diabetes
Men

Median, cm 75.0 83.0 87.0 92.0 100

Number 10,248 15,064 9971 12,960 11,263

Case number 433 762 614 1044 1212

Incident rate per 1000 person-years 9.33 1.2 13.7 17.9 241

Age adjusted RR 1 1.11(0.99, 1.25)  1.36 (1.20, 1.54)  1.73 (1.54,1.93)  2.29 (2.04, 2.56) <0.001

Multivariate adjusted RR 1 1.07 (0.95,1.200 1.21 (1.07,1.37) 140 (1.25,1.57)  1.71 (1.53, 1.92) <0.001
Women

Median, cm 70.0 76.0 81.2 87.0 97.0

Number 3382 3174 3366 3331 3170

Case number 36 74 141 198 301

Incident rate per 1000 person-years 2.26 4.97 8.83 12.2 20.2

Age adjusted RR 1 159 (1.05,2.39) 256 (1.72,3.80) 3.54 (240, 5.23) 521 (3.48, 7.82) <0.001

Multivariate adjusted RR 1 1.50 (1.00, 2.25 222 (1.52,324) 251 (1.73, 365  3.32 (2.30, 4.79) <0.001
Impaired fasting glucose

Men

Median, cm 75.0 82.0 87.0 92.0 100

Number 7895 8902 10,047 9550 8009

Case number 2262 2699 3198 3246 2843

Incident rate per 1000 person-years 71.0 75.8 79.8 86.2 90.2

Age adjusted RR 1 1.07 (1.01,113)  1.09 (1.03, 1.15)  1.15(1.09, 1.21) 119 (1.13, 1.26) <0.001

Multivariate adjusted RR 1 1.02 (0.96,1.08)  1.03(0.98,1.09) 1.07 (1.01,1.13)  1.08 (1.02, 1.14) <0.001
Women

Median, cm 70.0 76.0 81.0 86.8 97.0

Number 2975 2706 2404 3136 2473

Case number 469 575 605 949 805

Incident rate per 1000 person-years 35.7 48.7 58.3 71.0 78.7

Age adjusted RR 1 117 (1.03,1.32) 138 (1.21,1.56) 1.60 (1.42,1.80) 1.75(1.55, 1.97) <0.001

Multivariate adjusted RR 110 (097,125 125(1.10, 1.42) 139 (1.23, 1.57)  1.46 (1.28, 1.65) <0.001

Waist-to-hip ratio Q1 Q2 Q3 04 Q5 P trend
Diabetes
Men

Median, cm 0.82 0.87 0.90 0.93 0.97

Number 12,046 11,986 11,740 11,628 11,425
Case number 537 695 779 941 1044
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Body mass index, kg/m? <20 20-22.9 23-24.9 25-27.9 28-29.9 30+ P trend

Incident rate per 1000 person-years 9.75 12.9 14.9 18.1 20.1

Age adjusted RR 1 1.22 (1.09,1.36) 1.38 (1.24,1.54) 164 (1.47,1.82)  1.72 (1.55, 1.91) <0.001

Multivariate adjusted RR 1 1.01(0.98,1.23) 114 (1.02,1.28)  1.30 (1.16, 1.44)  1.35 (1.21, 1.50) <0.001
Women

Median, cm 0.76 0.82 0.86 0.90 0.97

Number 3325 3305 3284 3288 3174

Case number 50 106 174 216 199

Incident rate per 1000 person-years 3.2 6.82 1.2 139 12.8

Age adjusted RR 1 1.48 (1.05,2.08) 216 (1.57,2.98) 288 (2.11,3.95)  3.01 (219, 4.12) <0.001

Multivariate adjusted RR 1 1.31(0.93,1.84) 171 (1.24,236) 223 (1.62,3.06) 2.07 (1.50, 2.87) 0.001
Impaired fasting glucose risk
Men

Median 0.82 0.87 0.90 0.93 0.97

Number 8947 8950 8869 8622 8511

Case number 2469 2814 2940 2936 2938

Incident rate per 1000 person-years 67.5 79.3 84.7 86.7 85.6

Age adjusted RR 1 115(1.09,1.22) 122 (115,129 124 (1.18,1.31) 1.22 (1.15, 1.28) <0.001

Multivariate adjusted RR 1 1.07 (1.00, 1.13)  1.12 (1.06, 1.18)  1.13 (1.07, 1.20)  1.09 (1.03, 1.15) 0.009
Women

Median 0.76 0.81 0.85 0.89 0.97

Number 2765 2786 2679 2762 2669

Case number 415 649 755 773 805
Incident rate per 1000 person-years 33.8 54.4 67.2 66.1 69.0

Age adjusted RR 1 1.35(1.19,1.54) 160 (1.41,1.82) 158 (1.39, 1.79)  1.73 (1.53, 1.95) <0.0001

Multivariate adjusted RR 1 129 (1.14,1.46)  1.47 (1.30, 1.66)  1.49 (1.3, 1.69) 1.64 (1.45,1.87) <0.0001

Adjusting for age (y), education (illiteracy/primary, high school or college, or above), working environment (working on the ground, underground, not exposure to dust, or underground, exposure to dust), family
history of diabetes (yes/no), smoking (never, past smoker, current smoker 1-19 cigarettes/d, or current smoker 20+ cigarettes/d), alcohol drinking (never, past drinker, current drinker <1 time/d, or current

drinker 1+ times/d), hypertension (yes/no), and fasting plasma glucose (mmol/L). RR = relative risk.

WC, and WHR, was associated with an increased risk of
developing diabetes and IFG (Table 2) during 4-year prospective
follow-up in both genders. Incident diabetes was also significant-
ly predicted by physical inactivity, smoking, alcohol consump-
tion, higher SBP, higher fasting blood glucose and triglycerides,
and working underground with dust exposure (eTable 3, http://
links.lww.com/MD/B396).

To better appreciate how body habitus contributes to the
incidence of IFG and diabetes, we categorized BMI to
approximately represent notable WHO cutoffs for Asian and
non-Asian populations.!'* Although higher BMI was associated
with faster increases in blood glucose concentrations (P < 0.0001
in both men and women), we observed steady increases in fasting
blood glucose concentrations across each BMI category,
including those traditionally considered to be well within the
“normal” range (with BMI<23kg/m?) (Fig. 2). We further
examined the prediction of IFG and diabetes as a function of
body habitus as represented by BMI and WC and once again
observed that even those with traditionally “normal” BMI and
WC in non-Chinese populations displayed a significantly higher
risk of developing IFG or diabetes with higher BMI and WC
(Fig. 3, panels A-D). We observed similar patterns for the
associations between BMI/WC and annual increase in fasting
blood glucose over 4 years of follow-up in both men and women
(eFigure 3, http:/links.lww.com/MD/B396).

3.5. Sensitivity analyses to evaluate the influence of coal
mining status

To evaluate whether our aforementioned findings could have
been disproportionately confounded by those participants who
worked underground in coal mines, we conducted sensitivity
analyses after excluding all coal miners and observed similar
results (eTable 4, http:/links.lww.com/MD/B396).

4. Discussion

As urbanization, population growth, and accompanying lifestyle
changes continue in China, the incidence of prediabetes and
diabetes is rapidly rising.’!! To our knowledge, our study
represents the largest longitudinal study focused on assessing the
prospective incidence of prediabetes and diabetes in China and
highlights the steady rise in fasting blood glucose with time that is
associated with modifiable risk factors such as body habitus.[>*!
Compared with the only prospective study of diabetes conducted
in China in the 1980s,!'® our study findings indicate that the
incident rate of diabetes has increased greatly during the past
3 decades. In 1993, Hu et al"® described the age-standardized
incident rate of diabetes in 36,471 men and women living in a
northeastern Chinese city of 1.3/1000 person-years during
4 years of follow-up (1986-1990). Of note, in this study,
diabetes was defined by a fasting plasma glucose concentration of
greater than 7.77mmol/L, and the incidence rate was age-
standardized according to the 1982 population census data of
China. If we were to have employed the same definition of
diabetes in our present study, the incident rate of diabetes in the
Kailuan cohort from 2006 to 2010 would be approximately 4.6/
1000 person-years, still substantially higher than that reported
from 1986 to 1990. More recently, smaller and shorter
prospective studies reported similar incidence rates.['>!”! Our
findings highlight the epidemic rise of impaired glycemic control
and diabetes in China, underscoring the prior concerns by
researchers and regulatory agencies.[">”!

The interpretation and implications of our findings are best
realized in the context of the 2 largest cross-sectional studies
reporting on diabetes in China. Using a modality of tests to
identify prevalent diabetes, including fasting blood glucose, oral
glucose-tolerance tests, and fasting 2-hour glucose levels, Yang
et al"® reported that the prevalence of diabetes was 9.7%
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Figure 2. Change in fasting blood glucose concentrations between surveys according to baseline body mass index (BMI) among men (panel A) and women (panel
B) without diabetes at the baseline. The interaction term of BMI with time was significant (P < 0.0001) for both men and women, suggesting that higher BMI was

associated with a significantly faster increase in glucose over time.

(10.6% in men and 8.8% in women), and prevalence of
prediabetes was 15.5% (16.1% in men and 14.9% in women) in
2007 based on a sample of 46,239 nationally representative
adults. In contrast to Yang et al, Xu et al™®! examined the
prevalence of diabetes in China in 2010, using fasting blood
glucose, hemoglobin-Alc, and an oral glucose tolerance test to
characterize glycemic control. They noted a prevalence of
diabetes of 11.6% (12.1% in men and 11.0% in women) and
prevalence of prediabetes of 50.1% (52.1% in men and 48.1% in
women). The very large disparity in the prevalence estimates from
these 2 studies may be explained by the fact that the latter
incorporated hemoglobin-Alc values for the diagnosis of
diabetes as per the 2010 American Diabetes Association
(ADA) guidelines,'*®! and/or that the prevalence of abnormal
glycemic control markedly increased in the 3 years that separated
these studies.

In comparison to the aforementioned reports, our findings
from the prospective Kailuan study are noteworthy. The Kailuan
study represents only the population from the city of Tangshan
who were employees of the Kailuan company. At first glance, this
restriction may indicate a non-nationally representative sample,
however, focusing on such a geographically confined and
controlled population permitted this very large and ongoing
prospective study with recurring health surveys that assess
outcome measures over time. In this regard, our study represents
a much larger sample size, and uniquely assesses the incidence of
prediabetes and diabetes in the context of modifiable risk factors
over time that could serve as targets for Chinese public health
efforts. We observed a prevalence of diabetes and IFG that rose
from 6.6% to 7.7%, and 17.3% to 22.6 %, respectively, between
2006 and 2010. Although we only used ADA and WHO
guidelines for fasting blood glucose to assess IFG and diabetes,
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Figure 3. Hazard ratio of diabetes (panel A: men and B: women) and impaired fasting glucose (panel C: men and D: women) according to the joint classification of
body mass index and waist circumference in men and women, adjusting for age (y), education (illiteracy/primary, high school or college, or above), working
environment (working on the ground, underground, not exposure to dust, or underground, exposure to dust), family history of diabetes (yes/no), smoking (never,
past smoker, current smoker 1-19 cigarettes/d, or current smoker 20+ cigarettes/d), alcohol drinking (never, past drinker, current drinker <1 time/d, or current

drinker 1+ times/d), hypertension (yes/no), and fasting plasma glucose (mmol/L).

and not a glucose tolerance test, this classification has been shown
to parallel the use of hemoglobin-Alc for the identification of
individuals at risk for developing adverse sequelae.*!! It is very
likely that we may have observed higher incidence rates using the
oral glucose tolerance test, since it is known to be more sensitive
and specific in detecting impaired glucose tolerance.

Not surprisingly, both men and women exhibited increased
incident rates of prediabetes and diabetes as a function of higher
body adiposity, irrespective of age. An alarming and noteworthy
finding was that even individuals traditionally considered to be
“thin” or “non-overweight” exhibited steady increases in fasting
blood glucose over time. This was evident even in those
individuals in BMI categories of <20kg/m” or <23 kg/m?*. While
it has been recognized that Asian populations are prone to
insulin-resistant states at much lower BMI categories than
Caucasian counterparts,**! another factor contributing to this
phenomenon may be the distribution of body fat rather than
overall BMI. Our analyses suggest that even within low BMI
categories, higher WC predicted higher fasting blood glucose and
increased the HR for incident IFG and diabetes. This may account
for the higher incidence of diabetes in our study population when
compared to the United States, which has a higher mean BMI
than the Kailuan cohort (approximately 29 kg/m? in contrast to
25kg/m?).1231 In 2010, the Center for Disease Control estimated
the incidence of diabetes to be 5.5, 15.6, and 13.1 cases per 1000
population in men aged 18 to 44, 45 to 64, and 65 to 79 years,
respectively.**! In women, these estimates were 3.8, 11.5, and

11.9 cases per 1000 population in the same age categories.”*! In
contrast, incident diabetes rates in the Kailuan cohort were 10.4,
17.5, and 17.9 cases per 1000 population in men aged 18 to 44,
45 to 64, and 65+ years, and 3.6, 13.1, and 19.5 cases per 1000
population in women of the same age groups.

Diabetes and prediabetes contribute to morbidity, mortality,
and healthcare costs. Public health policies that target the early
identification and prevention of prediabetes and diabetes may
mitigate the individual health and societal burdens associated
with these diseases. Like other studies before us,'®'! we
observed a very high prevalence and incidence of diabetes and
prediabetes in the Kailuan cohort. Unlike prior investigations,
however, we report a disturbingly high incidence of both of these
conditions, that is clearly rapidly rising compared to prior surveys
in China,'® in a very large cohort followed over 4 years that
appears to be similar irrespective of age or gender. We believe
that analysis of the major modifiable risk factors that could
contribute to this high incidence could help guide public health
decisions to reduce the trajectory of these unfavorable trends.
Encouraging weight loss is certainly a widely accepted interven-
tion to lower blood glucose and ultimately reduce the incidence of
diabetes,®! but this may not be the most optimal intervention in
Chinese individuals within the very low BMI categories who
continue to demonstrate a notable risk for developing glucose
intolerance. Furthermore, BMI alone may not account for body
fat distribution; WC may be a particularly important barometer
of incident risk, especially in those individuals with low BMI.
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Optimizing WC and BMI will likely require policies to educate
the public on healthy eating and improved physical fitness. Other
factors such as smoking cessation, physical inactivity, hyperten-
sion, and avoidance of dust and environmental exposures are also
likely to mitigate the incident risk of prediabetes and diabetes.

Our study has several limitations. All participants were from
the Kailuan community. However, our findings are likely
generalizable because similar incident rates were reported in
recent Chinese studies.'>'”" Further, we did not collect
information on random plasma glucose level and oral glucose
tolerance test results, and we may underestimate the prevalence/
incidence rates.

In summary, we observed a high prevalence and incidence of
IFG and diabetes in a large cohort of Chinese adults. These results
are considered as alarming for Chinese public health since steady
rises in fasting blood glucose were seen across all permutations of
body habitus, even apparently very lean individuals. Whether
public policy to address physical inactivity, weight reduction, or
body habitus can alter the trajectory of these ominous findings
warrants investigation.
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