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Abstract
The prevalence of impaired fasting glucose (IFG) and diabetes mellitus (DM) has reportedly increased signiﬁcantly among Chinese children and
adolescents. We aimed to examine the prevalence of IFG and DM, the disparities in sex and region and related risk factors among Chinese children
and adolescents. A total of 16 434 Chinese children aged 6–17 years were selected from a national cross-sectional survey, and fasting glucose was
measured for all participants. Overall, mean fasting plasma glucose (FPG) concentration was (4·64 (SD 0·51)) mmol/l, and the prevalence of DM
and IFG was 0·10 and 1·89 %, respectively. Compared with girls, boys had higher FPG concentration (4·69 v. 4·58 mmol/l, r 0·107, P < 0·001) and
IFG prevalence (2·67 v. 1·07 %, rφ 0·059, P < 0·001). Compared with rural children and adolescents, urban children and adolescent had higher FPG
concentration (4·65 v. 4·62 mmol/l, r 0·029, P < 0·001) and DM prevalence (0·15 v. 0·05 %, rφ 0·016, P < 0·01). In addition, self-reported fried foods
intake and overweight/obesity were positively associated with IFG, and the proportion of consuming fried foods more than or equal to once per
week and overweight/obesity prevalence in boys and urban children and adolescents were signiﬁcantly higher than girls and rural children and
adolescents, respectively (P < 0·05). Although the prevalence of IFG and DM was relatively low in Chinese children and adolescents, sex and
region disparities were observed, which may be associated with differences in overweight/obesity prevalence and dietary factors.
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Type 2 diabetes mellitus (T2DM) in adolescence is rapidly
becoming one of the new worldwide public health challenges
of the 21st century(1). According to the report of International
Diabetes Federation, the number of Chinese people with diabetes ranks ﬁrst (109·6 million) in the world, and the sharply
increasing onset of diabetes in children is a matter of great
concern(2). T2DM was rarely seen in children 20 years ago,
however this has changed due to increasing detection, rising
obesity and sedentary lifestyle(3). Increasing T2DM prevalence
in children and adolescents has been observed in developed
and developing countries(3–7). Meanwhile, as one of the

important indicators of altered glucose metabolism, impaired
fasting glucose (IFG) has been an emerging issue in children
and adolescents over the past three decades(8). It has been
suggested that IFG in childhood signiﬁcantly increases their
later risk of T2DM and CVD(9).
Fu et al.(6) observed the prevalence of diabetes and prediabetes in boys was signiﬁcant higher than in girls. But their
results are still controversial. Other studies conducted in Chinese
children did not observe that sex difference(10). Moreover, these
two studies observed the diabetes prevalence in high socioeconomic regions seemed to be greater than regions with low
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socio-economic level(6,10). However, it remains unknown what
led to these differences. With limited medical resources(11), it is of
great signiﬁcance to prioritise intervention on the critical factors
contributing to these differences for reducing the burden of
diabetes and improving health in childhood.
In view of these, using data of a Chinese national survey, the
present study investigated the prevalence of diabetes mellitus
(DM) and IFG, and the disparities in sex and region, among
children and adolescents aged 6–17 years, and further explored
potential factors contributing to these gaps.

procedure. A portable stadiometer (model TZG; Jiangyin Hongya
Science and Education Equipment Co., Ltd) was used to measure height, and a scale (model RGT-140; Wuxi Weighing
Apparatus Factory Co., Ltd) was used to measure fasting body
weight. Participants were asked to wear underclothes only and
to stand straight without shoes. Height is accurate to 0·1 cm and
weight to 0·1 kg. Both height and weight were measured twice
and the average values were used to calculate the BMI (weight/
height2, kg/m2).

Laboratory tests
Methods
Study design and population
A national multicentred school-based health lifestyles intervention against obesity was performed from September 2013 to
June 2014. The details of the programme have been described
elsewhere(12). The programme involved participants aged 6–18
years from ninety-four primary and secondary schools in seven
provinces in China, including Chongqing, Hunan, Guangdong,
Liaoning, Ningxia, Shanghai and Tianjin, and a total of 16 746
blood samples were collected. In the present study, participants
aged 6–17 years were included (n 16 633), however those with
extremely low concentration of fasting plasma glucose (FPG,
<3·0 mmol/l) (n 171) or missing records of height or weight
(n 28) were excluded. As a result, 16 434 participants were
involved into the ﬁnal analysis.

Ethnic statements
This study was approved by the Medical Ethical Committee of
Peking University Health Science Center (IRB00001052-13034),
and written informed consents were obtained from all the
children and their parents.

Venous blood samples were collected after 8 h of overnight
fasting. Fasting glucose was tested by a qualiﬁed biomedical
analyses company using glucose oxidase method.

Deﬁnitions
The recommendations of American Diabetes Association(14)
were used to deﬁne IFG and DM. A FPG concentration of
≥126 mg/dl (7·0 mmol/l) was deﬁned as DM, while an FPG
between 100 and 125 mg/dl (5·6–6·9 mmol/l) was classiﬁed as
IFG, and glucose <5·6 mmol/l was deﬁned as normal.
The Chinese BMI percentile criterion for screening overweight and obesity in children and adolescents was used
to deﬁne the overweight and obesity among students aged
6–17 years(15,16). Participants with age- and sex-speciﬁc BMI
≥95th percentile were deﬁned as obesity, while those with
age- and sex- speciﬁc 85th ≤ BMI < 95th were deﬁned as
overweight(15,16).
According to the recommendation of WHO on the age ranges
of children and adolescents, the threshold of 10 years old was
used to categorise the participants aged 6–17 years into children
(6–9 years) and adolescents (10–17 years)(17).

Statistical analysis
Data collection and measurements
All investigators in this programme were trained to measure and
record relevant information utilising standardised procedures.
Self-reported information of participants’ demographic characteristics, dietary behaviour, physical activity and family history of DM (deﬁned as the presence of DM in at least one parent
or grandparent) was collected through questionnaires. FFQ was
used to collect the intake frequencies of fruit, vegetables, sweet
beverages, meats, fried foods and milk in the past 7 d. The
threshold of two servings per d was used to categorise fruit
(about 200 g per serving) and vegetables (about 150 g
per serving) intake, and threshold of one serving per d was
used to categorise meats (about 100 g per serving) and milk
(about 250 ml per serving) intake. Questionnaire was also used
to collect information of sedentary time, which included time of
being seated or lying 1 d divided into two groups. The International Physical Activity Questionnaire Short Form was used to
assess physical activity level, which was categorised into three
groups (light, moderate and vigorous physical activity)(13).
The anthropometric measurements were collected. Height
and weight were measured according to a standardised

Statistical analysis was performed with SPSS 20.0 (IBM Corporation). The WHO growth chart (2007) was used to calculate
z-scores for height, weight and BMI(18). Dunnett’s test was used
to compare the differences for continuous variables, and
Cohen’s d equation was used to calculate effect size (r). The χ2
test was used to compare the differences for proportions, and
the φ coefﬁcient (rφ) was used to calculate effect size. The
Wilson method was used to estimate 95 % CI since the prevalence estimates were close to zero(19). A logistics regression
model with the backward likelihood ratio method was used to
explore the inﬂuencing factors of IFG. A two-sided P < 0·05 was
considered as statistical signiﬁcance.

Results
Characteristics of study population
A total of 8393 (51·1 %) boys and 8041 (48·9 %) girls aged 6–17
years participated in the study. Compared with boys, girls had
lower BMI and FPG, reported higher frequency of fruit intake
and lower frequencies of fried foods, milk, meats and
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carbonated beverages intake (P < 0·05, Table 1). However, boys
reported less frequently a family history of diabetes and
sedentary time than girls (P < 0·05, Table 1).

Sex and age disparities in prevalence of impaired fasting
glucose and diabetes mellitus
The overall prevalence of IFG and DM was 1·89 (95 % CI 1·67,
2·08) and 0·10 (95 % CI 0·05–0·15) %, respectively (Table 2).
Compared with girls, boys had higher FPG concentration and
IFG prevalence in total population and in all age subgroups
(P < 0·001, Table 2). However, this study did not observe any
statistically signiﬁcant difference in DM prevalence between
boys and girls (P > 0·05, Table 2).
Compared with children, adolescents had higher IFG prevalence (2·26 v. 1·30 %, rφ 0·034, P < 0·05) in boys (3·13 v.

815

1·94 %, rφ 0·036, P < 0·05) and girls (1·34 v. 0·66 %, rφ 0·032,
P < 0·05). Similarly, adolescents had higher FPG concentration
than children (4·65 v. 4·61 mmol/l, r 0·040, P < 0·01) in girls
(4·60 v. 4·54 mmol/l, r 0·063, P < 0·01), but not in boys (4·70 v.
4·68 mmol/l, r 0·019, P > 0·05). However, the difference of DM
prevalence was not statistically signiﬁcant between children and
adolescents (P > 0·05, Table 2).

Region disparities in prevalence of impaired fasting glucose
and diabetes mellitus
Overall, compared with rural population, urban population had
higher FPG concentration (4·65 v. 4·62 mmol/l, r 0·029,
P < 0·001) and DM prevalence (0·15 v. 0·05 %, rφ 0·016, P < 0·01,
Table 3). After stratiﬁcation by age subgroups, only urban
adolescents had a higher FPG concentration than their rural

Table 1. Characteristics of the Chinese children and adolescents aged 6–17 years
(Numbers and percentages; mean values and standard deviations)
Total
Variables
Age
Mean
SD

Height (cm)
Mean
SD

Height z-score
Mean
SD

Weight (kg)
Mean
SD

Weight z-score
Mean
SD

BMI (kg/m2)
Mean
SD

BMI z-score
Mean
SD

FPG (mmol/l)
Mean
SD

Sedentary time (h/d)
Mean
SD

Urban
Family history of diabetes
Fruit intake <300 g/d
Vegetables consumption <400 g/d
Carbonated beverages intake ≥ once/week
Meats consumption ≥100 g/d
Fried foods intake ≥ once/week
Milk consumption <250 ml/d
Physical activity level
Light PA
Moderate PA
Vigorous PA
BMI group
Normal weight
Overweight
Obesity
FPG, fasting plasma glucose; PA, physical activity.

n

Boys
%

n

Girls
%

n

%

P
0·565

11·1
3·3

11·1
3·2

11·1
3·3

147·2
17·0

148·8
18·3

145·5
15·2

<0·001
<0·001
0·21
1·03

0·28
1·04

0·14
1·00
<0·001

41·9
15·7

43·6
17·2

40·1
13·8
<0·001

0·46
1·25

0·63
1·34

0·28
1·13

18·65
3·8

18·95
3·98

18·34
3·58

0·17
1·27

0·33
1·38

0·01
1·12

4·64
0·51

4·69
0·53

4·58
0·49

9·63
3·67
8012
3040
10 960
10 936
6481
1829
6421
10 224

48·8
18·5
79·6
80·0
47·2
13·3
46·6
74·1

9·56
3·68
4458
1475
5521
5485
3321
961
3267
5034

53·1
17·6
80·4
80·4
48·5
14·1
47·5
73·1

9·71
3·67
3554
1565
5439
5451
3160
868
3154
5190

44·2
19·5
78·9
79·5
45·9
12·6
45·7
75·0

12 088
3292
1054

73·6
20·0
6·4

6145
1714
534

73·2
20·4
6·4

5943
1578
520

73·9
19·6
6·5

12 814
1991
1629

78·0
12·1
9·9

6145
1216
1032

73·2
14·5
12·3

6669
775
597

82·9
9·6
7·4

<0·001
<0·001
<0·001

0·025
<0·001
0·002
0·027
0·191
0·002
0·013
0·028
0·013
0·440

<0·001
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Table 2. Fasting glucose level (mmol/l) and prevalence of impaired fasting glucose (IFG) in Chinese children, stratified by sex and
age group
(Mean values and standard deviations; numbers, percentages and 95 % confidence intervals)
FPG
n

DM prevalence

Mean

SD

n

%

95 % CI

n

%

95 % CI

3255
5138
8393

4·68***
4·70***
4·69***

0·47
0·57
0·53

63
161
224

1·94***
3·13***†
2·67***

1·46, 2·41
2·66, 3·61
2·32, 3·01

3
8
11

0·09
0·16
0·13

0·00, 0·20
0·05, 0·26
0·05, 0·21

3192
4849
8041

4·54
4·60††
4·58

0·43
0·52
0·49

21
65
86

0·66
1·34†
1·07

0·38, 0·94
1·02, 1·67
0·84, 1·29

1
5
6

0·03
0·10
0·08

0·00, 0·09
0·01, 0·19
0·02, 0·13

6447
9987
16 434

4·61
4·65††
4·64

0·45
0·55
0·51

84
226
308

1·30
2·26††
1·89

1·03, 1·58
1·97, 2·56
1·67, 2·08

4
13
17

0·06
0·13
0·10

0·00, 0·12
0·06, 0·20
0·05, 0·15

Age group
Boys
6–9 years
10–17 years
6–17 years
Girls
6–9 years
10–17 years
6–17 years
Both sexes
6–9 years
10–17 years
6–17 years

IFG prevalence

DM, diabetes mellitus; FPG, fasting plasma glucose.
*** P < 0·001 between boys and girls.
† P < 0·05 between 6–9 years group and 10–17 years group; †† P < 0·01 between 6–9 years group and 10–17 years group.

Table 3. Differences in mean level of fasting glucose (mmol/l) and prevalence of impaired fasting glucose (IFG) between urban and
rural children
(Mean values and standard deviations; numbers, percentages and 95 % confidence intervals)
IFG prevalence
Region
6–9 years
Rural
Urban
10–17 years
Rural
Urban
6–17 years
Rural
Urban

n

Mean

SD

DM prevalence

n

%

95 % CI

n

%

1·83**
0·78

1·37, 2·30
0·47, 1·08

0
4

0·12

0·02, 0·25

95 % CI
–†

3221
3226

4·62
4·60

0·47
0·44

59
25

4791
5196

4·62**
4·68

0·55
0·54

106
120

2·21
2·31

1·80, 2·63
1·90, 2·72

4
9

0·08
0·17

0·01, 0·17
0·06, 0·29

8012
8422

4·62**
4·65

0·52
0·51

165
145

2·06
1·72

1·75, 2·37
1·44, 2·00

4
13

0·05
0·15

0·01, 0·10*
0·07, 0·24

DM, diabetes mellitus.
* P < 0·01 between rural and urban; ** P < 0·001 between rural and urban.
† ‘–’, no data.

peers (4·68 v. 4·62 mmol/l, r 0·055, P < 0·001), and rural children
had a higher prevalence of IFG than their urban peers (1·83 v.
0·78 %, rφ 0·047, P < 0·001) (Table 3).

3·10; P < 0·001) were associated with higher risk of IFG.
However, self-reported vigorous physical activity was associated with lower risk of IFG (OR = 0·43, 95 % CI 0·21, 0·89;
P = 0·022).

Inﬂuencing factors for impaired fasting glucose
Table 4 shows inﬂuencing factors of IFG in adolescents.
Although BMI groups and self-reported information, including
intake frequencies of fruit, vegetables, carbonated beverages,
meats and fried foods, sedentary time, physical activity and
record of family history of diabetes were tested, only four
factors were associated with IFG in adolescents, but not in
children using the backward likelihood ratio method. Adolescents who reported consuming milk <250 ml/d (OR = 1·59,
95 % CI 1·18, 2·15; P = 0·002) and fried foods ≥ once/week
(OR = 1·35, 95 % CI 1·02, 1·80; P = 0·037) had higher risk of IFG
than those who reported consuming milk >250 ml/d and fried
foods < once/week. Moreover, compared with normal weight
adolescents, overweight (OR = 1·49, 95 % CI 1·01, 3·10;
P = 0·047) and obese adolescents (OR = 1·86, 95 % CI 1·12,

Region and sex differences in factors for impaired
fasting glucose
Table 5 presents region and sex differences in potential factors
for IFG. Compared with rural adolescents, more urban adolescents reported they consumed fried foods ≥ once/week (46·3 v.
41·3 %, P < 0·001), while less urban adolescents reported they
consumed milk <250 ml/d (71·2 v. 76·9 %, P < 0·001) and performed vigorous physical activity (4·5 v. 9·3 %, P < 0·001). In
addition, the obesity prevalence of urban adolescents was
higher than that in their rural peers (10·2 v. 6·5 %, P < 0·001).
Compared with girls, more boys reported they consumed
fried foods ≥ once/week (45·4 v. 42·6 %, P = 0·010). Moreover,
obesity prevalence in boys was signiﬁcant higher than in girls
(10·8 v. 5·9 %, P < 0·001).
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Table 4. Factors analysis of impaired fasting glucose in Chinese adolescents aged 10–17 years
(Numbers, odds ratios and 95 % confidence intervals)
Variables
10–17 years
Milk
≥250 ml/d
<250 ml/d
Fried food
<Once/week
≥Once/week
BMI groups
Normal
Overweight
Obesity
PA level
Light PA
Moderate PA
Vigorous PA

N

n

2151
6087

74
130

4606
3617

99
106

1·35

7933
1213
841

152
37
37

1·49
1·86

7302
2007
678

169
47
10

0·81
0·43

OR

P

95 % CI

0·002
Ref.
1·59

1·18, 2·15
0·037
Ref.
1·02, 1·80
Ref.
1·01, 2·21
1·12, 3·10

0·047
<0·001

0·58, 1·14
0·21, 0·89

0·227
0·022

Ref.

Ref., reference; PA, physical activity.

Table 5. Factors related to the region and sex disparities in impaired fasting glucose among adolescents aged 10–17 years
(Numbers and percentages)
Region
Rural
Factors
Milk consumption <250 ml/d
Fried foods ≥ once/week
BMI group
Normal weight
Overweight
Obesity
PA level
Light PA
Middle PA
Vigorous PA

Sex

Urban

Boys

Girls

n

%

n

%

P

n

%

n

%

P

2972
1594

76·9
41·3

3115
2023

71·2
46·3

<0·001
<0·001
<0·001

3006
1865

73·1
45·4

3081
1752

74·7
42·6

0·090
0·010
<0·001

4009
469
313

83·7
9·8
6·5

3924
744
528

75·5
14·3
10·2

3836
747
555

74·7
14·5
10·8

4097
466
286

84·5
9·6
5·9

3308
1037
446

69·0
21·6
9·3

3994
970
232

76·9
18·7
4·5

3717
1071
350

72·3
20·8
6·8

3585
936
328

73·9
19·3
6·8

<0·001

0·148

PA, physical activity.

Discussion
Using data of a national survey conducted in Chinese children
and adolescents aged 6–17 years, the present study observed
the prevalence of IFG and DM was 1·89 and 0·10 %, respectively. Generally, boys had higher FPG concentration and IFG
risk than girls, urban children and adolescents had higher FPG
concentration and DM prevalence than their rural peers. This
may be partly attributed to the higher obesity prevalence and
unhealthy dietary behaviour in boys and those living in urban
regions than those in girls and in rural regions. Regarding the
limited medical resources(11), populations with higher burden
of IFG and DM should be prioritised, and interventions aimed to
reduce obesity and improve dietary behaviour could be helpful
to bridge these gaps.
Consistent with the previous Chinese study(6), the prevalence
of IFG (1·89 %) and DM (0·10 %) in Chinese children and adolescents was lower than those in other countries. For example,
Fu et al.(6) studied diabetes in clinical settings and found
the prevalence of DM was 0·11 % in Chinese children.
Several surveys conducted in other countries showed that the

prevalence of DM was 0·4 % in Nigeria children and adolescents
aged 2–19 years(20), 0·3 % in American adolescents aged 10–19
years(21) and 0·45 % in the Saudi Arabian population aged 0–18
years(22). Additionally, the present study observed Chinese
children and adolescents had a lower IFG prevalence than their
peers from Saudi Arabia(22) and America(23) (1·89 v. 6·12 and
16·1 %, respectively).
A signiﬁcant sex difference in FPG concentration and IFG
prevalence was observed in this study. Boys had a 0·11 mmol/l
higher FPG concentration than girls. Meanwhile, the prevalence
of IFG and DM in boys was 1·5 and 0·6 times higher than in girls,
respectively. A similar difference was also found in the Uganda
study(24), which reported that DM prevalence in boys and girls
was 1·6 (95 % CI 0·8, 2·6) and 1·1 (95 % CI 0·6, 1·7) %, respectively.
We speculated that the difference of overweight/obesity prevalence between Chinese boys and girls might contribute to the
sex gap in IFG. Overweight/obesity was positively associated
with IFG, and the prevalence of overweight/obesity in boys was
58 % higher than in girls, which had been found in this study.
Region difference in FPG concentration and DM prevalence
was found in the present study. Urban children and adolescents
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had a higher DM prevalence than their rural peers. The FPG
level in urban participants was also higher than that in rural
counterparts, but the difference was very small. We speculated
that the differences in frequency of fried foods consumption
and obesity prevalence between urban and rural children and
adolescents might be associated with the region differences. We
found that consuming fried foods ≥ once/week and overweight/obesity were positively associated with IFG, and the
proportion of consuming fried foods ≥ once/week and overweight/obesity prevalence in urban children and adolescent
was higher than in their rural peers. In addition, we observed
rural children aged 6–9 years had 1·35 times higher IFG prevalence than their urban peers. Although the potential
mechanism remains highly speculative, we cannot exclude that
it may be associated with some of the rural children aged 6–9
years not truly fasting.
IFG is a risk state before diabetes, which is important in the
prevention and control strategies for diabetes. In the present
study, we found the IFG was negatively associated with milk
consumption in children aged 10–17 years, which was also
detected by the Health Professionals Follow-up Study(25) and a
10-year follow-up study among 37 187 women(26). They estimated that one serving of dairy foods daily was associated with
an annual reduction in diabetes incidence of 9·0 % in men and
4·0 % in women. The mechanisms underlying the associations
between dairy consumption and DM include the high content
of Ca and vitamin D in dairy foods(27) and the positive effect of
dairy foods and Ca intake on weight control(28).
In the present study, we additionally observed that fried
foods consumption and obesity could raise the risk of IFG,
which was also reported by other studies(29,30). Frying is a
common cooking method worldwide, which modiﬁes both the
foods composition and oils by the processes of oxidation,
polymerisation and hydrogenation. With repeated use, oils
deteriorate and increase amounts of cholesterol oxidation products and trans fatty acid(31), which have been associated with
insulin resistance and diabetes(32,33). Furthermore, obesity is
characterised by excess body fat, which was associated with
IFG and diabetes(34).
In addition, a strong negative association between vigorous
physical activity and IFG was observed among children and
adolescents aged 10–17 years. Similar association has been
reported by several cross-sectional studies, longitudinal studies
and meta-analyses, indicating that physical activity independent
of dietary or weight loss reduces the risk of T2DM in people
with prediabetes(35–37). The mechanism behind the association
may be linked with physical activity-induced improvements in
glucose homoeostasis which occur through acute responses
and chronic adaptations(38–41). However, we did not observe
signiﬁcant association between sedentary time and IFG in the
present study (OR = 0·96; 95 % CI 0·93, 1·01; P = 0·087). It was
inconsistent with the study of Kriska et al.(42), which observed
overweight/obese adolescents aged 10–17 years with T2DM
spent signiﬁcantly more time being sedentary than their obese
counterparts without T2DM (56 min/d, P <0·001). We speculated that methods of collecting sedentary time between two
studies might contribute to the inconsistent association. The
accelerometry was used to assess the sedentary time in the

study of Kriska et al.(42). However, the self-report questionnaire
was used to collect the sedentary time in the present study.
Thus, recall bias and length of sedentary bouts in the present
study could be contributed to the differences(43).
The present study had several limitations. Firstly, we cannot
distinguish type 1 DM from T2DM in this study, and the results
may include both types of diabetes. Secondly, only FPG, rather
oral glucose tolerance test or HbA1c, was measured. Studies
found the sensitivity of intravenous fasting glucose as a
screening method for DM could be relatively low, and thus, this
method may not identify some individuals with impaired glucose tolerance. Thirdly, any symptomology of diabetes was not
recorded in this study, such as polyuria, polydipsia and weight
loss. Moreover, we did not measure the fasting insulin concentration and cannot assess the insulin resistance, such as
homoeostasis model assessment-insulin resistance.
Despite those limitations, the present study using a large
sample with broad representation found the prevalence of IFG
and DM was still low in Chinese children. However, sex and
region disparities in FPG and IFG have been observed, and
interventions addressing fried foods, vigorous physical activity
and obesity may contribute to bridging these gaps. Appropriate
approaches should be conducted for children and adolescents
with IFG or DM and prioritise interventions aimed to modify
dietary behaviours and reducing burden of obesity for
improving the health of Chinese children and adolescents.
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