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Abstract

Background

The association between hyperinsulinemia and obesity is well known. However, it is uncer-

tain especially in childhood obesity, if initial fasting hyperinsulinemia predicts obesity, or

obesity leads to hyperinsulinemia through insulin resistance.

Objective

To investigate the predictive effect of fasting plasma insulin on subsequent weight change

after a 5-year interval in childhood.

Methods

424 Children from Da Qing city, China, were recruited at 5 years of age and followed up for

5 years. Blood pressure, anthropometric measurements, fasting plasma insulin, glucose

and triglycerides were measured at baseline and 5 years later.

Results

Fasting plasma insulin at 5 years of age was significantly correlated with change of weight

from 5 to 10 years (ΔWeight). Children in the lowest insulin quartile had ΔWeight of 13.08

±0.73 kg compare to 18.39±0.86 in the highest insulin quartile (P<0.0001) in boys, and simi-

larly 12.03±0.71 vs 15.80±0.60 kg (P<0.0001) in girls. Multivariate analysis showed that the

predictive effect of insulin at 5 years of age on subsequent weight gain over 5 years re-

mained statistically significant even after the adjustment for age, sex, birth weight, TV-view-

ing time and weight (or body mass index) at baseline. By contrast, the initial weight at 5

years of age did not predict subsequent changes in insulin level 5 years later. Children who
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had both higher fasting insulin and weight at 5 years of age showed much higher levels of

systolic blood pressures, fasting plasma glucose, the homeostasis model assessment for

insulin resistance (HOMA-IR) and triglycerides at 10 years of age.

Conclusions

Fasting plasma insulin at 5 years of age predicts weight gain and cardiovascular risk factors

5 year later in Chinese children of early childhood, but the absolute weight at 5 years of age

did not predict subsequent change in fasting insulin.

Introduction

Childhood obesity is an important public health issue all over the world, and is of great concern

not only for the possible potential effects on adult health and longevity, but also for the poten-

tial burden on the global health costs. The prevalence of obese children in Chinese has been in-

creasing over the last 20 years [1, 2]. Childhood obesity can adversely affect many organ

systems and often cause serious consequences, including hypertension, dyslipidemia, diabetes,

atherosclerosis and increased incidence of coronary heart disease in later life[3–5].

Within this context, childhood insulin resistance and hyperinsulinemia may have important

implications on subsequent health outcomes [6, 7]. However, it is uncertain whether obesity

leads to hyperinsulinemia or hyperinsulinemia leads to weight gain. In 1962, Neel proposed

the “thrifty genotype” hypothesis that hyperinsulinemia increased the efficiency of fat storage

and play a causal role in the development of obesity[8–13]. Contrary to the thrifty genotype hy-

pothesis, other researchers have observed that insulin resistance or hyperinsulinemia was asso-

ciated with lower body weight gain[14], or that hyperinsulinemia was a result of the increased

adipose tissue [15, 16]. However, almost all of these studies were carried out in adults with a

high prevalence of obesity and type 2 diabetes, and very few studies have investigated the rela-

tionship between insulin and weight gain in early childhood. Olalekan E et al reported that fast-

ing hyperinsulinemia caused more weight gain in aged 5–9 to 15–19 in a Pima Indian children

study[17]. We are not aware of any previous longitudinal study in Asian children.

The aim of this present study was to examine the effects of fasting insulin on the subsequent

change of weight in early childhood, as well as body mass index (BMI) and the percentage of

ideal weight for height (WFH) during a 5-year follow-up period. We hypothesized that fasting

insulin in early childhood may be a predictive factor of weight gain.

Materials and Methods

Subjects

The study was approved by the Bureau of Education of Da Qing city, the participating schools

and the Ethics Committee of the China-Japan Friendship Hospital. The same study group per-

formed the original study and the follow-up study 5 years later. The informed consent was ob-

tained verbally from the parents of the study participants before they came for the initial visit

(with blood tests on the 5 year old children) and for the subsequent similar follow-up visit 5

years later. The study (including the first visit and the follow-up study) was approved by the

City Education Bureau and the Ethics Committee of the China-Japan Friendship Hospital,

they also approved the method of verbal consent from parents and guardians in this study. We
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did not record the verbal consent in the participant documents, but the original consent cov-

ered the first visit and the follow-up visit after 5 years later.

In China, the requirement for informed consent for clinical studies from the State Food and

Drug Administration (SFDA) started only from 1996, and for the first 4 years, only verbal con-

sent was required. Written consent was implemented as a requirement subsequently in 2000.

This study was performed in 1998, and the study group was not required to obtain written doc-

umentation of the informed consent by the SFDA. In other Da Qing city papers published in

Diabetes Care (1997,20:537–44) and the Lancet (2008,371:1783–9) this was noted also as writ-

ten documentation of informed consent was also not available since the Da Qing adult study

began in 1986.

Four public elementary schools in the Longnan district in Da Qing city, China, took part in

this study. All the children enrolling into first grade at 5 years of age were invited to participate

in this study. We recruited the entire cohort of 605 children of first grade from four public ele-

mentary schools in Da Qing city. The only exclusion criteria were children with type 1 diabetes,

thyroid disease and other serious diseases. Of the 605 children recruited for the study in 1998,

424 children (211 boys and 213 girls) were available for follow up 5 years later.

Anthropometric measurements

All measurements were made by trained nurses when the children were first enrolled at 5 years

of age, and the same team made the measurements 5 years later. Participants wore light cloth-

ing and took off their shoes. Height was measured to the nearest 0.1 cm by a calibrated wall-

mounted stadiometer. Weight was measured to nearest 0.1 kg with an electronic scale. The

mean of the three recordings was used. As a BMI chart and z-scores for local children was not

available for China (There are no nationwide BMI chart or z-scores for less than 7 years old

children in China), the percentage of ideal weight for height (WFH) was obtained for each sub-

ject for our analysis using our percentage ideal weight for height chart (Percentage Ideal

Weight for height chart, 1993, School Health Service, Ministry of Health, Singapore), which

has been used as an acceptable measure of degree of childhood adiposity in previous publish

studies[18].

Blood pressure

After at least 5 minutes of rest, Blood pressure was measured twice using a mercury sphygmo-

manometer on the right arm of the seated participant, 15 minutes apart. The average of 2 mea-

surements was used in the analyses.

Laboratory measurements

All blood samples were obtained at baseline (5 years of age) and 5 years later (at 10 years of

age). Fasting blood samples were taken and stored on ice until centrifugation. Plasma samples

were stored at –70°C for analysis in batches. Fasting plasma glucose (FPG) and triglycerides

(TG) were measured in the central lab (Hitachi 7170, Auto-Biochemistry Instruments). Fasting

plasma insulin (FI) was measured in the endocrine lab by radioimmunoassay (DSL, USA). All

the biochemistry assays were performed in China-Japan Friendship Hospital in Beijing, China.

Insulin resistance was calculated using the homeostasis model assessment for insulin resistance

(HOMA-IR = Fasting Plasma Glucose (mmol/L) × Fasting Insulin (mIU/L)/22.5).
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Birth weight and TV watching time

Birth weights of the subjects were obtained from birth certificates. Other data were provided by

the subject’s accompanying parent who completed a questionnaire at school. Parents provided

information on the number of hours per day their child watched TV for each day of the week

(to nearest half an hour), and the number of days the child watched TV for that week.

Statistical Analysis

Statistical Analysis was carried out using SAS software 9.1(SAS Institute, Cary, NC, USA).

Mean values and standard errors were calculated for all variables. The percentage of ideal

weight for height (WFH) at baseline, the end of 5-year follow-up, and the change in WFH dur-

ing the 5-year follow-up were obtained from local standard charts for Singapore Chinese chil-

dren. The children were ranked to quartiles in ascending order based on fasting insulin at 5

years of age (Fins5). General linear model (GLM) of least squares means was used to determine

association among variables in boys, girls and all objects. Student’s t-test (with prior testing to

ensure that the data had a normal distribution) was used to compare the difference between

variables in boys and girls at baseline and the 5-year follow-up. Multivariate regression models

were used to determine predictive factors of change in weight and BMI. In the regression

model A, gender, birth weight, TV watching time, weight and fasting insulin at baseline were

independent variables; in the regression model B, gender, birth weight, TV watching time, BMI

and fasting insulin at baseline were included as the independent variables.

Results

Table 1 shows the characteristics of the boys and girls at entry and 5 years later. Most of the

children in this cohort had body weights within the normal range. At baseline, 79.4% of the

girls were normal weight (BMI: 13.1–16.5), 13.6% were overweight and 7.0% were under-

weight; similarly, 72.0% of the boys were normal weight (BMI: 13.4–16.8), 24.2% were over-

weight and 3.8% were underweight. After 5 years follow-up, 72.9%, 23.5% and 3.6% of the girls,

and 66.8%, 29.4% and 3.8% of the boys were normal weight(BMI:13.6–18.8 for girls; BMI:

14.1–20.1 for boys)[19], overweight and underweight, respectively. There were no statistically

significant differences in height, weight, BMI, WFH, blood pressure and fasting plasma glucose

and fasting insulin between boys and girls at baseline, but TG in girls was higher than in boys

(P = 0.04). After 5 years, the weight, BMI, and WFH in boys were significant greater than in

girls, at the presence of similar height in two gender groups.

We divided the boys and girls into four groups according to fasting insulin quartiles at base-

line to analyze the association between fasting insulin and subsequent weight gain during the

5-year follow-up. The weight, BMI andWFH at the entry gradually increased with the increase

of fasting insulin in both genders. The children within the highest insulin quartile had signifi-

cant higher level of weight, BMI andWFH at 5 years of age compare with the lowest insulin

quartile group in all subjects and both boys and girls (P<0.01). However, there was no statisti-

cally significant association between birth weight and the increase of fasting insulin at 5 years

of age. Similarly, the weight, BMI and WFH at 10 years of age also increased over the 5 years

follow-up with the increase of fasting insulin. When we compared the relationship between

fasting insulin at baseline with the change of weight (ΔWeight), BMI (ΔBMI) and WFH

(ΔWFH) over the 5-year follow-up, it was found that the change in these variables also signifi-

cantly increased with the increase of fasting insulin quartiles in all of the children. Compared

with the lowest group, the top fasting insulin quartile group had statistically significant higher

levels for ΔWeight (P<0.0001), ΔBMI (P<0.0001), and ΔWFH (P = 0.002) (Table 2). A multi-

variate regression analysis also showed that fasting insulin at 5 years of age were significantly
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correlated with ΔWeight (P<0.0001) after the adjustment of gender, birth weight, TV

viewing time and weight at baseline (gender: P = 0.65; birth weight: P = 0.41; TV viewing time:

P<0.0001; weight at baseline: P<0.0001). When we took the change of BMI as dependent vari-

able, fasting insulin at 5 years of age was still significantly correlated with ΔBMI after adjusting

for the same confounders (Table 3).

To further investigate the correlation of ΔWeight over the 5 years with both fasting insulin

and weight at baseline, we stratified weight at 5 years into tertiles in each quartile group of fast-

ing insulin at baseline. The results showed that ΔWeight over 5 years significantly increased

with increasing weight at baseline in each group of fasting insulin quartiles, and the greatest

ΔWeight was found in the group had highest-fasting insulin with highest-weight at baseline

(Fig 1). When we compared the differences of cardiovascular risk factors among these sub-

groups, we found that SBP, FPG, TG and HOMA-IR at 10 years of age were all significantly

higher in the highest-fasting insulin with highest-weight group compared to the lowest-

insulin with lowest-weight group (SBP: 104.11±1.43 vs. 92.91±1.49 mmHg, p = 0.0002; FPG:

5.54±0.08 vs. 5.19±0.08 mmol/L, p = 0.01; TG:1.31±0.07 vs. 0.99±0.07 mmol/L, p = 0.0005;

HOMA-IR:1.70±0.12 vs. 0.90±0.13, p = 0.0001, data not shown in table).

We also analyzed the relationship between weight at baseline and the change of fasting insu-

lin level during the 5-year follow-up. It was found that the weight at baseline did not predict

the change in fasting insulin over 5-year follow-up(r = 0.02, P>0.05, did not show in table).

The change of fasting insulin in the top weight quartile group was not significantly different

with that in the lowest weight group (-0.22±0.40 vs 0.54±0.3 (μU/ml); P>0.05, data not shown

in table).

Discussion

The present study showed clearly that fasting plasma insulin in early childhood is an indepen-

dent predictor of subsequent weight gain over a 5-year follow-up period in boys and girls in Da

Table 1. Physical characteristics and biochemical parameters of boys and girls at ages 5 and 10 years.

5 years old 10 years old

Variable Boys Girls Boys Girls

No. 211 213 211 213

Age,year 5.51±0.04 5.34±0.04 10.51±0.04 10.39±0.04

Height,cm 121.32±0.32 119.11±0.34 143.05±0.40 141.83±0.46

Weight, kg 23.38±0.28 21.54±0.24 38.17±0.62 34.95±0.52*

BMI, kg/m2 15.83±0.14 15.12±0.11 18.52±0.24 17.24±0.19**

WFH,% 102.55±0.91 102.34±0.72 104.45±1.32 100.10±1.00**

SBP, mmHg 101.63±0.84 100.05±0.84 97.08±0.74 95.95±0.53*

DBP, mmHg 66.63±0.72 66.04±0.76 65.63±0.50 63.72±0.51

FPG,mmol/L 5.27±0.03 5.13±0.03 5.36±0.03 5.33±0.03

FI, μU/ml 4.37±0.22 4.89±0.20 4.50±0.21 4.39±0.23

TG, mmol/L 0.52±0.02 0.63±0.03* 0.98±0.03 1.06±0.03*

HOMA-IR 1.04±0.06 1.13±0.05 1.08±0.05 1.05±0.06

Abbreviations BMI,body mass index;WFH, percentage of ideal weight for height; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG,

fasting plasma glucose; FI, fasting insulin; TG, triglycerides; HOMA-IR, homeostasis model assessment for insulin resistance.

*P<0.05

**P<0.01

doi:10.1371/journal.pone.0127389.t001
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Table 2. Weight, BMI andWFH at 5, 10 years of age and change of them according to fasting insulin quartiles at 5 years of age.

Fasting insulin quartiles at 5 years of age (μU/ml)

Boys Girls All

Variable 1.77
±0.38

2.94
±0.42

4.83
±0.52

9.42±3.21 1.79
±0.39

3.05
±0.39

4.90
±0.54

8.61±2.37 1.77
±0.38

2.99
±0.41

4.87±0.53 8.95±2.77

N 62 57 48 45 44 49 59 61 106 106 107 106

Birth
weight(kg)

3.41
±0.06

3.42
±0.06

3.40
±0.06

3.45±0.07 3.33
±0.07

3.33
±0.06

3.36
±0.06

3.31±0.06 3.37
±0.04

3.38
±0.04

3.38±0.04 3.38±0.04

Weight5
(kg)

22.28
±0.46

22.23
±0.48

23.13
±0.53

26.64
±0.54**

20.51
±0.51

20.90
±0.49

21.32
±0.44

23.03
±0.44**

21.36
±0.35

21.53
±0.34

22.24
±0.34

24.72
±0.35**

BMI5(kg/
m2)

15.23
±0.25

15.34
±0.26

15.81
±0.28

17.32
±0.29**

14.50
±0.24

14.94
±0.23

15.05
±0.21

15.77
±0.20**

14.85
±0.17

15.12
±0.17

15.44
±0.17*

16.49
±0.17**

WFH5 (%) 99.09
±1.59

99.89
±1.67

102.59
±1.81

110.80
±1.87**

98.44
±1.54

101.56
±1.46

101.98
±1.33

106.13
±1.31**

98.73
±1.11

100.61
±1.11

102.30
±1.11*

108.19
±1.12**

Weight10
(kg)

35.37
±1.05

35.77
±1.09

38.28
±1.19

45.03
±1.12**

32.54
±1.09

33.19
±1.04

34.19
±0.94

38.83
±0.93**

33.85
±0.76

34.43
±0.75

36.22±
±0.75*

41.75
±0.76**

BMI10(kg/
m2)

17.36
±0.42

17.60
±0.43

18.74
±0.47*

21.08
±0.49**

16.34
±0.39

16.66
±0.37

17.03
±0.34

18.55
±0.33**

16.80
±0.29

17.11
±0.29

17.88
±0.29**

19.74
±0.29**

WFH10 (%) 98.17
±2.27

99.96
±2.37

106.27
±2.58*

116.87
±2.67**

95.74
±2.13

97.71
±2.02

99.39
±1.84

105.86
±1.81**

96.68
±1.58

98.70
±1.57

102.76
±1.57**

110.95
±1.58**

Δ Weight
(kg)

13.08
±0.73

13.55
±0.76

15.15
±0.83

18.39
±0.86**

12.03
±0.71

12.29
±0.67

12.87
±0.61

15.80
±0.60**

12.49
±0.51

12.90
±0.51

13.98
±0.51*

17.03
±0.51**

Δ BMI (kg/
m2)

2.13
±0.29

2.27
±0.30

2.93
±0.33

3.77
±0.34**

1.84
±0.26

1.73
±0.25

1.98
±0.23

2.78
±0.22**

1.95
±0.20

1.99
±0.20

2.44±0.20 3.25
±0.20**

Δ WFH (%) -0.92
±1.60

0.10
±1.67

3.69
±1.82

6.07
±1.88**

-2.71
±1.56

-3.85
±1.48

-2.59
±1.35

-0.27±1.33 -2.06
±1.12

-1.91
±1.12

0.46±1.12 2.76
±1.12**

Abbreviations Weight5: weight at 5 years old; Weight10: weight at 10 years old; ΔWeight: change of weight from 5 to 10 years; BMI5: BMI at 5 years old;

BMI10: BMI at 10 years old; ΔBMI: change of BMI from 5 to 10 years; WFH5: WFH at 5 years old; WFH 10: WFH at 10 years old; ΔWFH: change of WFH

from 5 to 10 years

*P<0.05

**P<0.05

doi:10.1371/journal.pone.0127389.t002

Table 3. Predictors of weight gain in children of early childhood Dependent Variable

Independent variable β SE 95%CI P value

Model A:

Gender -0.2 0.43 (0.35–1.90) 0.65

Birth weight -0.0004 0 (0.99–1.00) 0.41

TV viewing time 0.41 0.09 (1.26–1.80) <0.0001

Weight at baseline 0.75 0.06 (1.88–2.38) <0.0001

Fasting insulin at baseline 0.31 0.07 (1.18–1.56) <0.0001

Model B:

Gender -0.54 0.19 (0.40–0.84) 0.005

Birth weight -0.0001 0.0002 (0.99–1.00) 0.97

TV viewing time 0.17 0.04 (1.10–1.28) <0.0001

BMI at baseline 0.15 0.05 (1.05–1.28) 0.0052

Fasting insulin at baseline 0.18 0.03 (1.13–1.27) <0.0001

Model A: Change of weight during 5 years

Model B: Change of weight during 5 years

doi:10.1371/journal.pone.0127389.t003
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Qing children. This result was also demonstrated by another two indices of weight and obesity

—BMI andWFH. By contrast, the weight in early childhood at 5 years old was not significantly

correlated with fasting insulin, and was not an important predictor for the increase of fasting

insulin levels in subsequent years.

The relationship between insulin concentration and change of weight has been of interest in

the last 2 decades. Maffeis et al found that insulin resistance at childhood was related to re-

duced risk of obesity at adulthood[14]. The findings led to the hypotheses that insulin resis-

tance inhibited glucose storage and glucose oxidation; in addition, some of the authors then

implied that it might be correlated with the observation that obese adults might decrease

weight gain via behavior and diet control. However, the CARDIA study examined 3095 young

adults followed up for 7 years and found that an increase of 5 uU/ml in fasting insulin pre-

dicted a 5 kg/m2 increase in BMI after adjustment for race and gender [9]. Another relatively

large sample size study reported that HOMA-IR significantly predicted total and central adi-

posity increased after 6 years follow-up in the Swedish children[11]. Johnson et al showed that

increased fat mass were significantly associated with fasting insulin concentrations in a cohort

of 83 Caucasian and 54 African children[20]. The current study is the first longitudinal study

over 5 years in ethnic Chinese children. All the subjects in the study population were in early

childhood and were all of the same age, and did not have already had any other metabolic syn-

drome features (age of enrollment was 5 years). It is reasonable to propose that the present re-

sults are a more accurate reflection of the real association between insulin and weight gain.

Thus, we suggest that fasting insulin in early childhood is a predictor of weight gain during late

childhood (from 5 to 10 years of age), but in adults, hyperinsulinemia is more likely secondary

to obesity. Consistent with our present findings, Olalekan’s study of Pima India children fol-

lowed up for 9.3 years from 5–9 years old to puberty, also found that fasting plasma insulin

Fig 1. The change of weight during a 5-year follow-up related to the plasma fasting insulin and weight at baseline.With the increase of fasting insulin
and weight at baseline, weight increased gradually and became greater. The mean value weight gain during the 5-year follow-up in the top weight at baseline
tertile was significant greater than that in the lowest tertile in each fasting insulin at baseline quartile (p<0.01).The greatest weight gain was in the top quartile
of fasting insulin and meanwhile in the top tertile of weight at baseline. Baseline fasting insulin significantly correlated with ΔWeight in the subgroup of top and
middle weight tertile (r = 0.39, P<0.0001 and r = 0.33, P<0.0001, respectively), but not in the lowest weight tertile subgroups at baseline (r = 14, P>0.05).

doi:10.1371/journal.pone.0127389.g001
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concentrations at baseline was a predictor of the rate of weight gain independently of the initial

relative weight and change in height per year[17], although the Pima Indians children were

more obese and their fasting insulin level were higher compared with Da Qing children. The

possible potential mechanism of how high insulin levels could enhance weight gain is that

hyperinsulinemia may cause a greater energy intake to excessive weight gain in children[21].

Moreover, insulin resistance in the brain co-occur with insulin resistance in the periphery[22].

It is generally considered that obesity is caused by multiple genetic and environmental fac-

tors. Previously, Powell’s studies reported that TV viewing time was an important environmen-

tal factor on weight gain[23]. In the present study, the multivariate regression analysis had

shown that the fasting insulin concentration at baseline still positively correlated with weight

gain and the increase of BMI over the 5 years after adjustment of birth weight, TV viewing

time and the weight at baseline. This finding further supports our hypothesis that fasting insu-

lin concentration in early childhood may independently affect weight gain.

In addition, obesity is considered a risk factor of cardiovascular risk factors. Some studies in

obesity children identified that insulin resistance was a predicator of blood pressure in over-

weight and obese children[24] and also predicted the development of impaired glucose toler-

ance and diabetes that occurred at the onset of puberty[10]. In our study, the children with the

greatest fasting insulin together with the greatest weight at baseline have significantly greater

weight gain and the increased of cardiovascular risk factors: SBP, FPG, TG and HOMA-IR

after 5 years follow-up than the children with the lowest fasting insulin combined with the low-

est weight at baseline (Fig 1). This suggests that more concern should be given for these chil-

dren to intervention and prevention at early age.

There were some limitations in the present study. Firstly, only fasting plasma insulin and

glucose were examined because candidates were too young and an OGTT was not considered

acceptable by the authorities or the parents. Secondly, we are unable to report the relationship

between waist circumference and fasting insulin, as we did not test waist circumference because

of the big variation of the measurement with breath in children with 5 years of age although we

knew that some studies showed that waist or waist-to-height ratio associated with insulin sensi-

tivity[25]. Thirdly, more accurate measurements of body fat were not made as they were not

available at the time of study. Fourthly, we did not have a formal assessment of pubertal stage

at 10 years of age.

Conclusions

Fasting plasma insulin in early childhood was a predicator of weight gain from early to late

childhood. By contrast, body weight at baseline was not able to predict any change in fasting in-

sulin during a 5-year follow-up. Thus, the children even if at early stage of childhood with rela-

tively higher fasting insulin levels should be given more attention to prevent the development

of obesity and the accumulation of risk factors of a potential metabolic syndrome.

Acknowledgments

We thank the participants of Da Qing children and the participants who made the present

study possible.

Author Contributions

Conceived and designed the experiments: GWL YHH. Performed the experiments: YYC JPW

YYJ. Analyzed the data: YYC HL GWL. Contributed reagents/materials/analysis tools: YYC

GWL. Wrote the paper: YYC KOL GWL.

Fasting Insulin Predict ChildhoodWeight Gain

PLOS ONE | DOI:10.1371/journal.pone.0127389 June 5, 2015 8 / 10



References
1. Ji CY, Cheng TO. Epidemic increase in overweight and obesity in Chinese children from 1985 to 2005.

Int J Cardiol. 2009; 132(1):1–10. Epub 2008/10/07. doi: S0167-5273(08)00899-1 [pii] doi: 10.1016/j.
ijcard.2008.07.003 PMID: 18835050.

2. Zong XN, Li H. Secular trends in prevalence and risk factors of obesity in infants and preschool children
in 9 chinese cities, 1986–2006. PLoS One. 2012; 7(10):e46942. Epub 2012/10/12. doi: 10.1371/
journal.pone.0046942 PONE-D-12-13676 [pii]. PMID: 23056536; PubMed Central PMCID:
PMC3466203.

3. Ludwig DS. Childhood obesity—the shape of things to come. N Engl J Med. 2007; 357(23):2325–7.
Epub 2007/12/07. doi: 357/23/2325 [pii] doi: 10.1056/NEJMp0706538 PMID: 18057334.

4. Yach D, Stuckler D, Brownell KD. Epidemiologic and economic consequences of the global epidemics
of obesity and diabetes. Nat Med. 2006; 12(1):62–6. Epub 2006/01/07. doi: nm0106-62 [pii] doi: 10.
1038/nm0106-62 PMID: 16397571.

5. Grundy SM. Obesity, metabolic syndrome, and cardiovascular disease. J Clin Endocrinol Metab. 2004;
89(6):2595–600. Epub 2004/06/08. doi: 10.1210/jc.2004-0372 89/6/2595 [pii]. PMID: 15181029.

6. Baker JL, Olsen LW, Sorensen TI. Childhood body-mass index and the risk of coronary heart disease
in adulthood. N Engl J Med. 2007; 357(23):2329–37. Epub 2007/12/07. doi: 357/23/2329 [pii] doi: 10.
1056/NEJMoa072515 PMID: 18057335; PubMed Central PMCID: PMC3062903.

7. Mattsson N, Ronnemaa T, Juonala M, Viikari JS, Raitakari OT. Childhood predictors of the metabolic
syndrome in adulthood. The Cardiovascular Risk in Young Finns Study. Ann Med. 2008; 40(7):542–52.
Epub 2008/08/30. doi: 901896907 [pii] doi: 10.1080/07853890802307709 PMID: 18728920.

8. Neel JV. Diabetes mellitus: a "thrifty" genotype rendered detrimental by "progress"? Am J HumGenet.
1962; 14:353–62. Epub 1962/12/01. PMID: 13937884; PubMed Central PMCID: PMC1932342.

9. Folsom AR, Jacobs DR Jr., Wagenknecht LE, Winkhart SP, Yunis C, Hilner JE, et al. Increase in fasting
insulin and glucose over seven years with increasing weight and inactivity of young adults. The CAR-
DIA Study. Coronary Artery Risk Development in Young Adults. Am J Epidemiol. 1996; 144(3):235–46.
Epub 1996/08/01. PMID: 8686692.

10. Morrison JA, Glueck CJ, Horn PS, Schreiber GB, Wang P. Pre-teen insulin resistance predicts weight
gain, impaired fasting glucose, and type 2 diabetes at age 18–19 y: a 10-y prospective study of black
and white girls. Am J Clin Nutr. 2008; 88(3):778–88. Epub 2008/09/10. doi: 88/3/778 [pii]. PMID:
18779296.

11. Labayen I, Ruiz JR, Ortega FB, Harro J, Merenakk L, Oja L, et al. Insulin sensitivity at childhood pre-
dicts changes in total and central adiposity over a 6-year period. Int J Obes (Lond). 2011; 35(10):1284–
8. Epub 2011/05/19. doi: 10.1038/ijo.2011.98 ijo201198 [pii]. PMID: 21587202.

12. Adam TC, Toledo-Corral C, Lane CJ, Weigensberg MJ, Spruijt-Metz D, Davies JN, et al. Insulin sensi-
tivity as an independent predictor of fat mass gain in Hispanic adolescents. Diabetes Care. 2009; 32
(11):2114–5. Epub 2009/08/14. doi: 10.2337/dc09-0833 dc09-0833 [pii]. PMID: 19675204; PubMed
Central PMCID: PMC2768217.

13. Morrison JA, Glueck CJ, Horn PS, Schreiber GB, Wang P. Homeostasis model assessment of insulin
resistance*body mass index interactions at ages 9 to 10 years predict metabolic syndrome risk factor
aggregate score at ages 18 to 19 years: a 10-year prospective study of black and white girls. Metabo-
lism. 2009; 58(3):290–5. Epub 2009/02/17. doi: 10.1016/j.metabol.2008.09.027 S0026-0495(08)
00379-X [pii]. PMID: 19217441.

14. Maffeis C, Moghetti P, Grezzani A, Clementi M, Gaudino R, Tato L. Insulin resistance and the persis-
tence of obesity from childhood into adulthood. J Clin Endocrinol Metab. 2002; 87(1):71–6. Epub 2002/
01/15. doi: 10.1210/jcem.87.1.8130 PMID: 11788625.

15. Shaikh MG, Grundy RG, Kirk JM. Hyperleptinaemia rather than fasting hyperinsulinaemia is associated
with obesity following hypothalamic damage in children. Eur J Endocrinol. 2008; 159(6):791–7. Epub
2008/09/30. doi: 10.1530/EJE-08-0533 EJE-08-0533 [pii]. PMID: 18819946.

16. Wedick NM, Snijder MB, Dekker JM, Heine RJ, Stehouwer CD, Nijpels G, et al. Prospective investiga-
tion of metabolic characteristics in relation to weight gain in older adults: the Hoorn Study. Obesity (Sil-
ver Spring). 2009; 17(8):1609–14. Epub 2009/02/07. doi: 10.1038/oby.2008.666 oby2008666 [pii].
PMID: 19197256.

17. Odeleye OE, de Courten M, Pettitt DJ, Ravussin E. Fasting hyperinsulinemia is a predictor of increased
body weight gain and obesity in Pima Indian children. Diabetes. 1997; 46(8):1341–5. Epub 1997/08/01.
PMID: 9231660.

18. Chen YY, Lee YS, Wang JP, Jiang YY, Li H, An YL, et al. Longitudinal study of childhood adiposity and
the risk of developing components of metabolic syndrome-the Da Qing children cohort study. Pediatr
Res. 2011; 70(3):307–12. Epub 2011/06/02. doi: 10.1203/PDR.0b013e318225f8a9 PMID: 21629155.

Fasting Insulin Predict ChildhoodWeight Gain

PLOS ONE | DOI:10.1371/journal.pone.0127389 June 5, 2015 9 / 10

http://dx.doi.org/10.1016/j.ijcard.2008.07.003
http://dx.doi.org/10.1016/j.ijcard.2008.07.003
http://www.ncbi.nlm.nih.gov/pubmed/18835050
http://dx.doi.org/10.1371/journal.pone.0046942
http://dx.doi.org/10.1371/journal.pone.0046942
http://www.ncbi.nlm.nih.gov/pubmed/23056536
http://dx.doi.org/10.1056/NEJMp0706538
http://www.ncbi.nlm.nih.gov/pubmed/18057334
http://dx.doi.org/10.1038/nm0106-62
http://dx.doi.org/10.1038/nm0106-62
http://www.ncbi.nlm.nih.gov/pubmed/16397571
http://dx.doi.org/10.1210/jc.2004-0372
http://www.ncbi.nlm.nih.gov/pubmed/15181029
http://dx.doi.org/10.1056/NEJMoa072515
http://dx.doi.org/10.1056/NEJMoa072515
http://www.ncbi.nlm.nih.gov/pubmed/18057335
http://dx.doi.org/10.1080/07853890802307709
http://www.ncbi.nlm.nih.gov/pubmed/18728920
http://www.ncbi.nlm.nih.gov/pubmed/13937884
http://www.ncbi.nlm.nih.gov/pubmed/8686692
http://www.ncbi.nlm.nih.gov/pubmed/18779296
http://dx.doi.org/10.1038/ijo.2011.98
http://www.ncbi.nlm.nih.gov/pubmed/21587202
http://dx.doi.org/10.2337/dc09-0833
http://www.ncbi.nlm.nih.gov/pubmed/19675204
http://dx.doi.org/10.1016/j.metabol.2008.09.027
http://www.ncbi.nlm.nih.gov/pubmed/19217441
http://dx.doi.org/10.1210/jcem.87.1.8130
http://www.ncbi.nlm.nih.gov/pubmed/11788625
http://dx.doi.org/10.1530/EJE-08-0533
http://www.ncbi.nlm.nih.gov/pubmed/18819946
http://dx.doi.org/10.1038/oby.2008.666
http://www.ncbi.nlm.nih.gov/pubmed/19197256
http://www.ncbi.nlm.nih.gov/pubmed/9231660
http://dx.doi.org/10.1203/PDR.0b013e318225f8a9
http://www.ncbi.nlm.nih.gov/pubmed/21629155


19. Li H, Ji CY, Zong XN, Zhang YQ. [Body mass index growth curves for Chinese children and adoles-
cents aged 0 to 18 years]. Zhonghua Er Ke Za Zhi. 2009; 47(7):493–8. Epub 2009/12/03. PMID:
19951508.

20. Johnson MS, Figueroa-Colon R, Huang TT, Dwyer JH, Goran MI. Longitudinal changes in body fat in
African American and Caucasian children: influence of fasting insulin and insulin sensitivity. J Clin
Endocrinol Metab. 2001; 86(7):3182–7. Epub 2001/07/10. doi: 10.1210/jcem.86.7.7665 PMID:
11443186.

21. Han JC, Rutledge MS, Kozlosky M, Salaita CG, Gustafson JK, Keil MF, et al. Insulin resistance, hyper-
insulinemia, and energy intake in overweight children. J Pediatr. 2008; 152(5):612–7, 7 e1. Epub 2008/
04/16. doi: 10.1016/j.jpeds.2007.12.036 S0022-3476(07)01170-5 [pii]. PMID: 18410761; PubMed Cen-
tral PMCID: PMC2276579.

22. Anthony K, Reed LJ, Dunn JT, Bingham E, Hopkins D, Marsden PK, et al. Attenuation of insulin-evoked
responses in brain networks controlling appetite and reward in insulin resistance: the cerebral basis for
impaired control of food intake in metabolic syndrome? Diabetes. 2006; 55(11):2986–92. Epub 2006/
10/27. doi: 55/11/2986 [pii] doi: 10.2337/db06-0376 PMID: 17065334.

23. Powell LM, Szczypka G, Chaloupka FJ. Exposure to food advertising on television among US children.
Arch Pediatr Adolesc Med. 2007; 161(6):553–60. Epub 2007/06/06. doi: 161/6/553 [pii] doi: 10.1001/
archpedi.161.6.553 PMID: 17548759.

24. Maffeis C, Banzato C, Brambilla P, Cerutti F, Corciulo N, Cuccarolo G, et al. Insulin resistance is a risk
factor for high blood pressure regardless of body size and fat distribution in obese children. Nutr Metab
Cardiovasc Dis. 2010; 20(4):266–73. Epub 2009/09/15. doi: S0939-4753(09)00092-1 [pii] doi: 10.1016/
j.numecd.2009.04.005 PMID: 19748246.

25. Maffeis C, Manfredi R, Trombetta M, Sordelli S, Storti M, Benuzzi T, et al. Insulin sensitivity is correlated
with subcutaneous but not visceral body fat in overweight and obese prepubertal children. J Clin Endo-
crinol Metab. 2008; 93(6):2122–8. Epub 2008/04/10. doi: 10.1210/jc.2007-2089 PMID: 18397988.

Fasting Insulin Predict ChildhoodWeight Gain

PLOS ONE | DOI:10.1371/journal.pone.0127389 June 5, 2015 10 / 10

http://www.ncbi.nlm.nih.gov/pubmed/19951508
http://dx.doi.org/10.1210/jcem.86.7.7665
http://www.ncbi.nlm.nih.gov/pubmed/11443186
http://dx.doi.org/10.1016/j.jpeds.2007.12.036
http://www.ncbi.nlm.nih.gov/pubmed/18410761
http://dx.doi.org/10.2337/db06-0376
http://www.ncbi.nlm.nih.gov/pubmed/17065334
http://dx.doi.org/10.1001/archpedi.161.6.553
http://dx.doi.org/10.1001/archpedi.161.6.553
http://www.ncbi.nlm.nih.gov/pubmed/17548759
http://dx.doi.org/10.1016/j.numecd.2009.04.005
http://dx.doi.org/10.1016/j.numecd.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/19748246
http://dx.doi.org/10.1210/jc.2007-2089
http://www.ncbi.nlm.nih.gov/pubmed/18397988

