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Population-based prevalence of self-reported pediatric
diabetes and screening for undiagnosed type 2 diabetes in
Chinese children in years 2017-2019, a cross-sectional study
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Summary

Background The worldwide geographical and temporal variation in the prevalence of diabetes represents a challenge,
but also an opportunity for gaining etiological insights. Encompassing the bulk of East Asians, a large and distinct
proportion of the world population, China can be a source of valuable epidemiological insights for diabetes, especially
in early life, when pathophysiology begins. We carried out a nationwide, epidemiological survey of Prevalence and
Risk of Obesity and Diabetes in Youth (PRODY) in China, from 2017 to 2019, to estimate the population-based
prevalence of diagnosed pediatric diabetes and screen for undiagnosed pediatric type 2 diabetes (T2D).

Methods PRODY was a nation-wide, school population-based, cross-sectional, multicenter survey by questionnaire,
fasting urine glucose test and simple oral glucose tolerance test (s-OGTT), among a total number of 193,801
general-population children and adolescents (covered a pediatric population of more than 96.8 million), aged 3-18,
from twelve provinces across China. The prevalence of the self-reported pediatric diabetes, the proportion of
subtypes, the crude prevalence of undiagnosed T2D and prediabetes in general juvenile population and the main
risk factors of type 1 (T1D) and type 2 (T2D) diabetes had been analyzed in the study.

Findings The prevalence of all self-reported pediatric diabetes was estimated at 0.62/1000 (95% CI: 0.51-0.74), with
T1D at 0.44/1000 (95% CI: 0.35-0.54) and T2D at 0.18/1000 (95% CI: 0.13-0.25). For undiagnosed T2D, the crude
prevalence was almost ten-fold higher, at 1.59/1000, with an estimated extra 28.45/1000 of undiagnosed impaired
glucose tolerance (IGT) and 53.74/1000 of undiagnosed impaired fasting glucose (IFG) by s-OGTT screening.
Maternal diabetes history is the major risk factors for all subtypes of pediatric diabetes in China.
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Interpretation The PRODY study provides the first population-based estimate of the prevalence of pediatric diabetes
China and reveals a magnitude of the problem of undiagnosed pediatric T2D. We propose a practical screening

strategy by s-OGTT to address this serious gap.
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Research in context

Evidence before this study

We searched PubMed for articles published until March 31st,
2024, with MeSH terms of “Diabetes Mellitus/subheading-
epidemiology”, “Child” and “Adolescent” with “China” in extra
searching. This search confirmed the lack of studies on
pediatric diabetes prevalence or environmental effects on risk
in China, a country encompassing one-fifth of the world’s
population. EURODIAB, DIAMOND and SEARCH were well-
known epidemiology studies focusing on pediatric diabetes.
EURODIAB and DIAMOND had reported the incidence of type
1 diabetes (T1D) in the pediatric population during the 1990s,
and found it the lowest in China and Venezuela. SEARCH has
been conducted in the U.S. since 2000. It has been keeping on
reporting the increasing prevalence as well as the incidence of
pediatric T1D and type 2 diabetes (T2D) in the U.S. among
multiple ethnic groups. The prevalence of T1D and T2D was
2.15/1000 and 0.67/1000, respectively, in 2017, while non-
Hispanic Whites had the highest T1D prevalence at 2.79/1000
and non-Hispanic Black had the highest T2D prevalence at
1.80/1000. Another study by searching MarketScan Multi-
State Medical Database in the U.S. has reported a similar
prevalence of T1D at 2.34/1000 but a much higher of T2D at
2.12/1000 in 2016. The SEARCH found the American Indians,
who shared closer genetic background with Chinese
population, had the lowest prevalence for T1D (0.56/1000)
and relatively higher one for T2D (1.63/1000). There were
several national epidemiological surveys of diabetes in China
before PRODY, but none was population-based except for the
one we had conducted based on the medical records during
1995-2010. A few other studies had relatively small samples
size in limited regions, which could not reflect the integral
influence of environmental factors in China. The prevalence of
prediabetes in pediatric population had not been
systematically investigated in large population, either. A
meta-analysis study reviewed 48 studies and provided a

Introduction

Diabetes is a major global health problem, in which
multiple etiologies converge to lead to a widespread
burden of cardiometabolic and vascular morbidity. A

pooled prevalence of 8.84% for prediabetes in childhood. It
involved 5 studies in the Chinese population with prevalence
ranging from 0.7% to 22% among different regions. However,
all of them only covered the impaired fasting glucose for
prediabetes. Therefore, an updated survey on diabetes and
prediabetes in a large-scale sample size of Chinese pediatric
population is important.

Added value of this study

We have conducted a school population-based national
epidemiological study on diabetes in Chinese pediatric
population by in-site survey, including 193,801 participants
that sampled a population of more than 96.8 million. The
present study updated the prevalence of the self-reported
diabetes by questionnaire survey as well as of the
undiagnosed diabetes and prediabetes by screening with s-
OGTT, a novel screening instrument that permits detection
not only of IFG but also of IGT and allowed us to document
an alarming and in contrast to the low prevalence of T1D in
China as expected, we found a much higher prevalence of
undiagnosed T2D and prediabetes. We had also tested the
tools of fasting urine glucose (FUG) and s-OGTT in screening
for the undiagnosed T2D and prediabetes, which
demonstrated the superiority of s-OGTT in such task.

Implications of all the available evidence

Our results revealed that T2D may have composed of an
unexpected large fraction of pediatric diabetes in Chinese
population, which could be extended to other East Asian
populations. The prediabetes in childhood also requires more
awareness in clinical practice. The s-OGTT test following
multi-step risk assessment displayed good potential in
screening for pediatric T2D and prediabetes. It is necessary to
test the sensitivity and specificity of it in the future study.

major challenge in better understanding the disease and
developing prevention and therapeutics—the consider-
able heterogeneity of the disease in both geography and
time'—also presents an opportunity for insight
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generation into etiology. The general temporal trend
towards increased incidence and prevalence constantly
modifies differences between populations and opens a
window to the study of gene—environment interactions.
China, comprising one-fifth of world’s population and
experiencing major social and economic changes over
the past decades presents an opportunity for such
insights. Diabetes of autoimmune etiology (type 1) is
known to be several-fold less frequent in East Asians
than in European-ancestry populations,” an underex-
ploited opportunity to study genetic vs. environmental
causes and their interactions. Diabetes of metabolic
causes (type 2) on the other hand, has shown consid-
erable increase in the past decade, from an estimated
98.4 million cases to 140.9 million (IDF Diabetes
Atlas 2021 10th edition), as a result of multifaceted
demographic and socioeconomic changes.** A problem
with applying this epidemiology to the generation of
etiological and therapeutic insights is that it consists
almost exclusively of studies in adult populations, while
it is known that clinically detectable pathogenetic
mechanisms are already operational much earlier, in the
pediatric age group. A population-based incidence study
for T1D in China also included children and teens,” but
similar data for T2D are lacking.

It has been long thought that T1D is the primary type
among children diagnosed with diabetes, but a fast-
increasing incidence of T2D in children and adoles-
cents has been reported in recent decades.®*' The
prevalence of pediatric T2D based on population surveys
is low but, given the asymptomatic nature of early
disease, it may be a serious underestimate. In the USA,
American Indian had significantly higher pediatric T2D
prevalence than Non-Hispanic Whites."""* Genetically,
Chinese are closer to this high-prevalence group.
Actually, we did find the prevalence of pediatric T2D
increased faster than T1D from 1995 to 2010 in our
previous study,'® but the clinical diagnosis of pediatric
T2D remains low in China.'”'*"* An active, population-
based screening study to generate epidemiological data
for pediatric diabetes is required to improve etiological
understanding and clinical practice.

In the present study, we conducted a national
epidemiological study on pediatric diabetes, namely
The Prevalence and Risk of Obesity and Diabetes in Youth
(PRODY), to estimate the prevalence of pediatric diabetes
and search for practical screening method for pediatric
T2D. The survey included online questionnaire, physical
examination and laboratory testing. During the survey,
we practiced the s-OGTT for screening undiagnosed cases
on 6428 participants selected for high risk of T2D.

Methods

Participants and study workflow

We applied a multistage sampling method to select
a nationally representative sample of youths aged
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3-18 years in the general population from 2017 to 2019.
The population samples were collected from five regions
(Eastern, Western, Southern, Northern, and Middle
China) and twelve locations (including provinces,
municipalities and autonomous regions; all referred to
as “province” for brevity in this paper) in China (Eastern
China: Shanghai and Zhejiang; Western China:
Chongqing and Xinjiang; Southern China: Guangdong,
Fujian and Guangxi; Northern China: Beijing, Tianjin
and Jilin; Middle China: Hubei and Henan). The
workflow is summarized in Fig. 1 and more details were
provided in the supplementary methods-study workflow.

Briefly, we collected data from 193,801 (101,941
males and 91,860 females) participants with integral
data of online questionnaire survey (Table S1) or
physical examination and 176,086 among them
completed the fasting urine glucose (FUG) test at
Stage 1 (Supplementary Methods-Study workflow-Line
39). The study participants represented a pediatric
population more than 96.8 million in the 12 provinces
(refer to the population aged 0-14 years from the
national census in 2019).

At Stage 2, a total of 96,044 participants from Fujian,
Guangdong, Henan and Zhejiang were enrolled for
T2D screening (Supplementary Methods-Study work-
flow-Line 55). Of 40,858 participants deemed to be high-
risk of T2D with at least one risk factors of four
(macrosomia, family history of diabetes, body mass
index (BMI) over the 95-percentile (Pos) or positive FUG
results), 6474 participants, whose guardians (and the
school administration) agreed to participate, were
selected for a s-OGTT and validated data was collected
from 6428.

The study was approved by the Institutional Review
Board of The Children’s Hospital of Zhejiang University
School of Medicine (Approval Number 2016-JRB-018)
and the institutional review boards or ethics committees
of each participating unit. Written informed consent
was obtained from each participant and their guardians
before the survey.

Study outcome definitions
The major clinical assessment methods were provided
in Supplementary Methods-Survey and data collection.

Each type of glucose tolerance status (normoglyce-
mia, at risk for diabetes/prediabetes and diabetes) was
defined according to the criteria of the World Health
Organization guidelines. T1D diagnosis required at least
one positive pancreatic autoantibody (Table S2).

In the T2D risk preliminary screening, macrosomia
was defined as the participant’s birth weight over 4 kg;
family history of diabetes was defined as any major
family members of the participant (parents, siblings or
grandparents) had been diagnosed with any type of
diabetes; BMI over the 95-percentile (Pos) was defined as
the participant’s BMI was higher than the Pgs of the
peer population (according to quantization table of the
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Recruitment

Stage 1

Invited (n=250,000)
« Participants from 430 schools of 34 cities from 12 provinces

!

l

@ Questionnaire (n=231,574)
« Data accepted (n=193,801)
« Data excluded for lack of data integrity (n=37,773)

Recruited (n=231,574)

@) Physical Examination + FUG test (n=193,801)
 Data accepted (n=176,086)
« Data excluded for lack of data integrity (n= 17,715)

(@ T2D risk factors assessment (n=96,044) for macrosomia, family
history, BMI>Pys and FUG+; Participants from Henan, Zhejiang,
Fujian and Guangdong provinces participated in the T2D screening

« Excluded the self-reported known T1D and T2D cases (n=55)

» Guardians of the participants with high-risk of T2D agreed to

Excluded (n=18,426)
» Rejection to participate or
unwillingness to do FUG test

Questionnaire results (n=193,801)
* known T1D: (n=85)
* known T2D: (n=35)

FUG test results (n=176,086)
¢ known T1D: (n=8)

« known T2D: (n=3)
unknown T2D: (n=5)

* no diabetes: (n=90)

T2D risk assessment results (n=96044)
* High-risk of T2D (n=40,858)
* Low-risk of T2D(n=55,186)

participate in s-OGTT (n=6474)

Stage 2

(@ Subsampling among the participants with high-risk of T2D

and s-OGTT (n=6474)
» Data accepted (n=6428)
+ Data excluded for missing values or error values (n=46)

s-OGTT results (n=6428)
« unknown T2D: (n=24)

« unknown IFG: (n=812)
« unknown IGT: (n=430)

4

Fig. 1: Workflow chart of the PRODY. BMI, body mass index; FUG, fasting urine glucose; IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; s-OGTT, simple-oral glucose tolerance test; T1D, type 1 diabetes; T2D, type 2 diabetes.

Chinese children and adolescents’ growth values aged
0-18 year by the Capital Institute of Pediatrics); positive
FUG results was defined as the participants had at least

“w,n

one “+” signal reported by the urine analyzer.

Statistical analysis

Sample size was estimated according to the preliminary
investigation on T1D we conducted in Hangzhou city of
Zhejiang. The known prevalence of T1D in Hangzhou
city of Zhejiang was 0.23/1000. According to the confi-
dence intervals for the expectation of Poisson distribu-
tion, the expected number of cases should be 4.16 at a
prevalence of 0.228/1000 to ensure that we could find at
least one case (i.e., that the lower limit of 95% confi-
dence intervals was at least one); at least (4/
0.228) x 1000 = 17,500 participants were needed.
Assuming 10% attrition, we recruited 19,300 in each
province, or a total of 232,600 in 12 provinces.

The prevalence was calculated as the ratio of the
number of cases of a given type of diabetes in a sex/age/
regional population to the total population number and
expressed as cases per 1000. The 95% confidence in-
tervals (CIs) were calculated by Poisson distribution.
The crude prevalence based on the s-OGTT data was
estimated by the equation shown in Figure S1. Because
the high-risk group was selected non-randomly, it was
not feasible to calculate the CIs for the prevalence

estimated in this way. It was expressed as crude preva-
lence in this study and represents a minimum (there
would be extra cases in low-risk population). The diag-
nostic rate was calculated as prevalence of known T2D
by questionnaire survey to the total prevalence of T2D,
which include the known prevalence and unknown
crude prevalence estimated by s-OGTT.

The geographic latitude level of each province was
defined as the level of the provincial capital. The GDP
per capita was calculated as the GDP divided by the total
population at the same time in the same region, ac-
cording to the national GDP statistics and census data in
2019. The risk factor analysis for latitude and socioeco-
nomic development level was based on the populations
with known T1D or T2D by questionnaire survey. The
analysis for individual’'s life history risk factors was
based on populations with T1D or T2D by either ques-
tionnaire survey or s-OGTT. The risk factors analysis
was done by stepwise logistic regression, using the
Fisher exact test for the theoretic frequency T <5. The
statistical significance threshold of P < 0.05 was cor-
rected for the number of hypotheses tested, at 0.00417
for T1D (12 risk factors) and 0.0033 for T2D (15 risk
factors).

Statistical analyses were performed using the Stata/
MP 17.0 for windows or R-Project for Statistical
Computing (version 4.2.3).
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Role of funding sourse
The funders had no role in study design, data collection,
data analysis, interpretation or writing the manuscript.

Results

Data

Of the 250,000 children who were invited to participate,
231,574 (92.6%) accepted (Fig. 1). Data from 31,902 of
these participants, all from one province (Jiangxi), were
not used because of concerns about their reliability, for
reasons other than the data themselves. Another 6591
questionnaires were not used because of being incom-
plete (more than 200 items unanswered for the ques-
tionnaire or unrecorded for physical examination
results). Of these, 176,086 had usable data on physical
examination and FUG. Finally, the 96,044 subjects from
the four provinces participating in the T2D screening
(Henan, Zhejiang, Fujian and Guangdong) we had us-
able OGTT data from 6428 of the 6474 participants who
met the high-risk criteria. Missing data did not correlate
with any of the end-points, which led us to classify them
as MCAR (missing completely at random). We did not
attempt any imputation of missing data.
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Prevalence of pediatric diabetes in China by
questionnaire survey

PRODY questionnaires identified 120 cases of self-
reported diagnosed pediatric diabetes among 193,081
participants, with 85 cases of T1D and 35 cases of T2D,
for a prevalence of diagnosed cases of 0.62/1000
(95% CI: 0.51-0.74), of which T1D accounted for 0.44/
1000 (95% CI: 0.35-0.54) and T2D for 0.18/1000
(95% CI: 0.13-0.25). As expected, prevalence for all
diabetes, T1D and T2D was higher in the 10-19-year age
group than in the 3-9-year age group (P = 0.0083 for
T1D, P = 0.0009 for T2D). There is no significant dif-
ference between sexes in either age groups (Fig. 2a and
b and Table S3). The prevalence proportion was 70.83%
for T1D and was 29.17% for T2D (Fig. 2c).

The regional distribution was uneven. Prevalence for
both T1D and T2D was much higher in Xinjiang
province than anywhere else (T1D: 2.38/1000 (95% CI:
1.23-4.15) and T2D: 1.19/1000 (95% CI: 0.44-2.59))
(Fig. 3 and Table S4).

We found 106 cases positive for FUG among 176,086
valid samples, of which 90 were not in agreement with
diabetes on follow-up diagnosis. Of the remaining 16, 8
cases had T1D, all of which had been known by the
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Fig. 2: Prevalence of pediatric diabetes in China. The self-reported prevalence of pediatric diabetes estimated by questionnaire survey in T1D,
T2D (a, b). The proportion of self-reported prevalence of T1D and T2D among all pediatric diabetes by questionnaire survey (c). The proportion
of the self-reported prevalence of T1D, T2D by questionnaire survey and of the unknown T2D identified by s-OGTT in high-risk population in
the four selected provinces (d). KN, known; T1D, type 1 diabetes; T2D, type 2 diabetes; UKN, unknown.
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Fig. 3: Regional distribution of self-reported prevalence of pediatric diabetes in China. a and b is the reginal distribution of pediatric
prevalence of T1D and T2D, respectively (case per 1000). The blue color scale represented the intensity of the prevalence. The prevalence of T1D
or T2D in each province was listed at the end of each indicatrix. The prevalence of both T1D and T2D displayed in this figure was based on the
self-reported prevalence by questionnaire survey; T1D, type 1 diabetes; T2D, type 2 diabetes.

questionnaire survey. The other 8 had T2D, of which 3
were known cases and 5 were newly diagnosed cases
(Fig. 1).

Prevalence of undiagnosed T2D and prediabetes by
s-OGTT screening

We selected participants (N = 96,044) in four provinces
(Fujian, Guangdong, Henan and Zhejiang) for the
search of unknown T2D and prediabetes study. Of the
40,858 who had at least one high-risk criterion 6474
participants were randomly selected for s-OGTT,
resulting in 6428 valid s-OGTT results. Among them, 24
cases were identified with T2D, 812 cases with IFG and
430 cases with IGT, of which 94 cases had both IFG and
IGT (Fig. 1 and Table S5).

No sex differences in individual provinces withstood
correction for multiple-hypothesis testing (Table S5)

The estimated crude prevalence of unknown T2D by
s-OGTT, was 1.59/1000 (calculation refer to Figure S1).
The total crude prevalence of T2D was 1.77/1000
(known by survey + unknown T2D by s-OGTT), an order
of magnitude higher than the known T2D. The esti-
mated crude prevalence of IGT and IFG were 28.46/
1000 and 53.74/1000, respectively (Table S6).

The proportion of all T2D cases at all ages among the
total crude prevalence of diabetes in the four selected
provinces was estimated at 80.77% (7.21% for known
cases + 73.56% for study-discovered cases), indicating
that most pediatric-age T2D in China remains undiag-
nosed, 72.35% in the 3-9-year-olds and 83.02% at 10-18
(Fig. 2d and Table S7). It changed the conventional
knowledge of the dominant proportion of T1D in pedi-
atrics as shown in Fig. 2c.

IFG only was about two-fold higher of IGT only and
seven-fold higher than both in our results (Table S8).

FUG test identified few of these cases, especially of the
IGT. We also did analysis for a tentative assessment on
the FUG efficacy on T2D screening with sensitivity at
4.12%, specificity at 99.95%, positive predictive value at
15.09% and negative predictive value at 99.79%
(Table S9). About 52.4% of the cases with a positive
result in FUG test were positive in s-OGTT, too (n/N4 in
Table S10).

Risk factor analysis

The risk factors we analyzed in pediatric diabetes
include latitude, socioeconomic development level and
individual’s life history.

Previously, and concordant with findings in Europe,
T1D incidence had been found higher at high lati-
tude.”'® Our data do not indicate this, with the exception
that the prevalence of T1D in Xinjiang (the province
with the highest latitude in this study) was by far the
highest. However, the prevalence in Jilin, Beijing and
Tianjin, which have a similar latitude level (Xinjiang:
43.5 vs. Jilin: 43.4, Beijing: 39.9 Tianjin: 39), was much
lower (Xinjiang: 2.38/1000 vs. Jilin + Beijing + Tianjin:
0.23/1000, P < 0.0001), indicating that genetic factors
rather than climate may be the cause, concordant with
the known low East Asian admixture in that province.
After excluding Xinjiang, the T1D prevalence showed no
difference between provinces at latitudes >39 and < 39
(>39: 0.23/1000, SE = 0.09/1000; <39: 0.42/1000,
SE = 0.05/1000; P = 0.1531). The prevalence of T2D was
not related to the latitude level, either (Figure S2a.).
There was no significant relationship between the
socioeconomic development in individual provinces and
the prevalence in either T1D nor T2D (Figure S2b).

The maternal diabetes history is a potential risk
factor for T1D though the evidence by P value was not
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Risk Factors OR(95% CI) )
Father's diabetes history T 2 1-55(0-46—3-83)  0-40407
Mother's diabetes history E . g 4-08(1-23-10-02) 0:00701
Older generation's diabetes history '—é—’—' 1-20(0-71-1-93)  0-47806
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Fig. 4: Family history risk factors for pediatric type 1 diabetes. The risk factors for T1D were analyzed by stepwise Logistic regression and
displayed in forest plots. Horizontal bars represent 95% Cls. Cl, confidence interval; OR, odds ratio. The diabetes history referred to any type of
diabetes had reported for the related family members in questionnaire survey.

strong enough (P = 0.00701). The other family history of
diabetes was not associated with the risk.

Obesity and large birth weight were the only risk
factors for T1D with strong evidence (reached statistical
Bonferroni-corrected  significance), while parental
education played potential protective role with weaker
evidence (Fig. 4).

Family history of diabetes or overweight/obesity
conferred the highest risk for T2D. Childhood obesity
was a risk factor, as was large birth weight, while the
evidence for risk from low-birth weight was weak.
Exposure to maternal gestational diabetes mellitus
(GDM) could not be meaningfully assessed, as in 1020
of 1470 questionnaires that answered YES to maternal
diabetes the question of GDM was not answered.
Higher family income was significantly protective as
was, somewhat surprisingly, shorter duration of sleep
(no more than 8 h). Duration of self-reported physical
activity had no effect (Fig. 5).

Discussion

Our study is the first population-based systematic
evaluation of diabetes prevalence in childhood in China
and it adds important information to the existing liter-
ature in many respects. Primarily, it indicates an
exceptionally high prevalence of undiagnosed T2D and
prediabetes. Almost all East Asian epidemiological
studies on T2D are based on adult population samples.
Our findings reveal an unexpectedly large population of
undiagnosed very-early onset T2D, much higher than
that found in non-Hispanic whites,'"'*'”'* a goldmine
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for studies of the metabolic trajectory of T2D in East
Asians.

In this study, we have demonstrated the feasibility of
the s-OGTT for population screening of pediatric T2D.
The numbers, much higher than previously suspected,
are alarming and constitute a call to action for devel-
opment of early intervention strategies. Childhood onset
T2D usually has worse prognosis compared with the
adult onset one'” making timely intervention crucial.
Perhaps more strikingly, the estimated prevalence of
prediabetes (IFG + IGT) is 82.2/1000, approaching the
adult prevalence of T2D. Early intervention in these
cases will be a daunting task but may lead to even more
effective prevention strategies. The FUG test was not a
sensitive screening tool for pediatric T2D and predia-
betes. However, it could be a useful preliminary
risk-assessing tool as complementary for s-OGTT.

Chen et al. reported the annual prevalence of T1D
and T2D among US pediatric population (aged <18
years) in 2016 (chronologically close to our study) as
2.34/1000 and 2.12/1000, respectively.® The data was
from MarketScan Multi-State Medical Database from
2002 to 2016. The prevalence of pediatric T1D in US
was 5.3 times of that in China (2.34/1000 vs. 0.44/1000)
conforming previous estimation of Caucasian T1D
prevalence over 5 times higher than in East Asians.”
The large and somewhat unexpected difference from
our findings was in the prevalence of T2D (2.12/1000 vs.
1.77/1000). The increasing prevalence of T2D compared
to previous reports in China' is similar to that reported
in the USA during 2009-2014. Roony et al. reported the
prevalence of IFG in Southeast Asia (SEA) was the
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Fig. 5: Family history risk factors for pediatric type 2 diabetes. The risk factors for T2D were analyzed by stepwise Logistic regression and
displayed in forest plots. Horizontal bars represent 95% Cls. Cl, confidence interval; OR, odds ratio. The diabetes history referred to any type of
diabetes had reported for the related family members in questionnaire survey.

highest while that of the IGT was the lowest among all
the regions. It was on the opposite in all other regions
reported.”? Mohan et al. followed and provided the
similar finding of higher prevalence of IFG than IGT in
India.” Herein, we provided evidence representing East
Asian population furtherly. These findings implied that
Asian population may be more susceptible to IFG than
IGT. The present study is the first national population-
based survey on pediatric prediabetes, including IFG
and IGT, in China. In keeping with the pooled preva-
lence of prediabetes in childhood at 88.4/1000 estimated
in a global meta-analysis,” our prevalence was about
82.2/1000 (IFG + IGT). The prevalence of childhood
prediabetes in China varied from 7/1000 to 220/1000
due to the diverse range of age and regional setting in
the previous studies and all of them only covered IFG
population.” The present study provided an insight of
the prevalence of IGT and the its distribution among
prediabetes.

The risk factors of diabetes associated with
individual’s life history had been widely studied else-
where before. Effect of most factors observed in this
population-based study conformed with the previous
findings, but the importance of maternal diabetes was
the major risk factor for T1D at odds with European
studies showing less risk from maternal inheritance.”

We found the high birth weight and childhood
obesity risk factors for T1D, concordant with several
European findings**’; but the birth weight at odds with

one German study,” which might be caused by the
difference in sample size and study design.

The family history of diabetes was the strongest risk
factor for T2D, especially the maternal diabetes with the
highest OR of 15.1 (95% CIs: 5.817-33.085), reflecting
the known importance of both genetics and shared
environment. Longer physical activity duration was a
protective factor. Other commonly known risk factors,
such as maternal diabetes during pregnancy, lower birth
weight, childhood obesity, parental history of overweight
or obesity and low sleep duration, have been identified
in other studies.?*

Special attention is required for the low sleep dura-
tion. We hadn’t set lower duration than 8 h in our
questionnaire, supposing most of the children and
adolescents in China would not have less duration of
sleep. However, the results would probably emphasize
the shorter duration but lead to neglect of the necessary
lower limit of it.

The primary strength of the present study is the
national general population-based random sampling for
children and adolescents. The in-situ sampling at school
guaranteed the quality of the random sampling and
data-integrity for such large population. It also ensured
the national representativeness of the samples and data.

The large sampling scale also posed several limits.
First, we could not practice the s-OGTT screening in all
provinces due to the response of schools and guardians
to the subsampling with s-OGTT. This left out Xinjiang
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as an outlier, and a known genetic population isolate.
Guardians’ attitude influenced the sample size of 6474
which might introduce sampling bias. The risk factor of
BMI over the 95-percentile (Pys) was the most frequent
one (68.8%) among the 40,858 high-risk group, but
shifted to the family history (59.9%) in the 6428 s-OGTT
group (Table S10).

Secondly, the questionnaire survey relies on self-
report, whose correspondence to factual information is
impossible to verify, especially for such factors as
physical activity or the consumption of certain foods.
This is a common problem in epidemiological studies of
this type.

Finally, general population recruitment inevitably
limits the sample size compared with studies based on
known cases from health-care settings, limiting the
statistical power and the precision of the analysis.
Further study is required to confirm these results.

T2D accounts for 95% of all diabetes and is usually
developed progressively during a long period.
Compared with T1D, the onset is relatively later and had
good chance to be prevented with timely diagnosis. The
present study revealed that the development of T2D
might start earlier in pediatric population and be the
actual major proportion of all diabetes in children and
adolescent in the form of asymptomatic prediabetes in
different degrees. It is necessary to do further study to
demonstrate if early screening and intervention in pe-
diatric population could reduce the T2D morbidity in
elder population. For T1D, our study provides the basis
for future etiological studies. T1D genetics explain most
of the disease with one of the smallest fractions of
“missing heritability”.”** However, this is based almost
entirely on studies on European ancestry, leaving out
the one-third of humanity represented by East and
South-East Asians, a crucial omission given their
drastically lower incidence of T1D."** Our results will
promote planning and interpreting genome studies that
are just beginning to emerge,”® to explore genes,
environment, and their interactions.
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