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Abstract

Objective—To explore the role of MTNR1B rs10830963 and G6PC2 rs560887 variants in the
pathogenesis of impaired fasting glucose (IFG) in obese adolescents.

Design and Methods—346 Caucasians, 218 African Americans and 217 Hispanics obese
children and adolescents underwent an oral glucose tolerance test (OGTT) and 518 underwent the
evaluation of insulin secretion by the oral minimal model (OMM). Also, 274 subjects underwent a
second OGTT after 3.0£2.1 years.

Results—The MTNR1B rs10830963 variant was associated with higher fasting glucose levels
and lower dynamic beta cell response in Caucasians and Hispanics (p<0.05) and conferred an
increased risk of showing IFG to Caucasians (p=0.05), African Americans (p=0.0066) and
Hispanics (p=0.024). Despite the association between the G6PC2 rs560887 and higher fasting
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glucose levels (p<0.05), there was no association between this variant and IFG at baseline or at
follow-up (all p>0.10).

Conclusions—We show for the first time in obese youth that the MTNR1B variant is associated

with an increased risk of IFG.
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Introduction

Paralleling the rise of pediatric obesity, the prevalence of type 2 diabetes is increasing
among youths (1, 2, 3, 4). Recent population-based data from the Search for Diabetes in
Youth (SEARCH) study indicate that type 2 diabetes is diagnosed in about 3700 obese
youths annually in US (5). Onset of type 2 diabetes during adolescence heralds many years
of disease and an increased risk of the full range of both micro- and macro-vascular
complications that will occur when affected individuals are still relatively young (6, 7, 8, 9).
The tempo of progression from pre-diabetes to full blown diabetes is faster in youth than in
adults (10, 11, 12, 13), therefore, it is imperative to identify young subjects at increased risk
of type 2 diabetes early when they are in the pre-diabetic state. Noteworthy, the metabolic
abnormalities leading to hyperglycemia are established long before overt diabetes (14), and
classified to as pre-diabetes. Impaired fasting glucose (IFG) is a pre-diabetic condition
defined by the fasting glucose levels between 100 and 125 mg/dl. In the last decade genome-
wide association studies (GWAS) have discovered a large number of loci associated with
fasting glucose and IFG in adults (15, 16, 17, 18), but to date little information is available
regarding the genetic defects predisposing obese adolescents to IFG. The genetic regions
showing the strongest association with fasting plasma glucose in both adults and children are
those including the rs10830963 in the Melatonin Receptor 1B gene (MTNR1B) and the
rs560887 in the Glucose-6-Phosphatase 2 gene (G6PC2) (11, 19, 20, 21). In particular, a
meta-analysis of over 6000 children of European descents showed that MTNR1B
rs10830963 and G6PC2 rs560887 are associated with fasting glucose levels in healthy
children and adolescents (21) and this observation was replicated by the European Youth
Heart Study in 2025 healthy European children and adolescents (20). Those two studies
showed independently that the effect size of the association of G6PC2 rs560887 and
MTNR1B rs10830963 with fasting glucose was 2 — 3 times larger than that observed for any
other variants associated with this trait (20, 21). Moreover, there are functional in vitro
studies providing evidence that these variants affect the expression of the two genes, likely
driving the association between their genetic regions and the glucose phenotype (22, 23).
Despite these studies, so far no data showing the relationship between those loci and IFG in
a pediatric cohort is available. Therefore, in our study we sought to determine 1) whether the
MTNR1B rs10830963 and the G6PC2 rs560887 variants might predispose obese youth to
IFG; 2) and whether the associations might be mediated through alterations in beta cell
function examined by the Oral Minimal Model (OMM).
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Methods

Study cohort

Subjects were recruited from a multiethnic cohort participating in the Yale Pathophysiology
of Type 2 Diabetes Study, a long-term project aimed at studying early alterations in glucose
metabolism in obese children and adolescents. All subjects needed to be obese and not to
take medications that affect glucose metabolism when enrolled. The study was approved by
the Human Investigations Committee of the Yale University School of Medicine. Parental
informed consent and child assent were obtained from all participants. We recruited 781
obese children and adolescents with a BMI greater than the 85t percentile (319 boys, 462
girls; mean age 13.4+3.6 years; mean z-score BMI 2.35+0.37) referred to the Yale Pediatric
Obesity Clinic, no lean individuals were included in the study. The study population
consisted of three ethnicities/races: 346 Caucasians (212 girls), 218 African Americans, (129
girls) and 217 Hispanics (121 girls). Since puberty is accompanied by a transient state of
insulin resistance (24), the pubertal status was assessed according to Tanner (25) and
pubertal stage was included in the analyses. All of them underwent a 3-h oral glucose
tolerance test (OGTT) and 533 subjects showed normal glucose tolerance (NGT), 63 IFG,
60 IFG + impaired glucose tolerance (IGT), and 125 IGT.

To evaluate the effect of the gene variants on the risk of developing pre-diabetes over time,
274 subjects underwent a second OGTT after a follow-up of 3.0+2.2 years. During the
follow-up all participants received standard nutritional guidance and recommendations for
physical activity and were not on any medications affecting glucose metabolism. The study
population followed-up was constituted by 101 Caucasians, 82 African Americans and 91
Hispanics; 101 boys and 173 girls (mean age 12.4+2.8 years, mean z-score BMI 2.32+0.50).
Of them, at baseline 142 were NGT, 28 showed IFG, 38 had IFG+IGT and 66 IGT. The time
interval for the follow-up was based on our previous study suggesting that changes in
categories of glucose tolerance in obese adolescents are likely to occur over a relatively
short period of time (13, 26). The procedures are described in the Supplementary Material.

Statistical analyses

Distribution of continuous variables was examined for skewness and when appropriate data
were statistically transformed to approximate univariate normality before association
analyses by inverse normal scores. A Chi square test was used to assess the Hardy Weinberg
equilibrium for each of the studied SNPs and to compare proportions.

The primary outcome of the study was isolated IFG. At baseline the odds ratio of showing
prediabetes according to the genotypes was evaluated by a logistic regression analysis and
age, gender, pubertal stage and z-score BMI were used as covariates. The risk of NGT
subjects to progress to prediabetes or T2D at follow-up was calculated by running a Cox
regression analysis and including as covariates age, gender, pubertal stage, ethnicity, z-score
BMI at baseline, delta z-score BMI and follow-up time. The association between the
genotypes and quantitative traits was evaluated by a regression model after coding the
genotype with an additive model of inheritance, i.e. the genotype is coded with 0, 1, or 2
corresponding to the number of minor alleles carried by each individual and age, sex,
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pubertal stage, z-score BMI and glucose tolerance status were used as covariates when
appropriate. Statistical power and sample size was assessed using the “Genetic Power
Calculator” available at http://pngu.mgh.harvard.edu/~purcell/gpc/cc2.html. All data were
expressed as mean * standard deviations (SD). Statistical analyses were performed with
SPSS (19.0 for Windows, SPSS Inc., Chicago, IL).

between MTNR1B rs10830963 and fasting glucose, insulin secretion and IFG

The frequency of the MTNR1B rs10830963 minor allele (G) was 0.262 in Caucasians, 0.091
in African Americans and 0.215 in Hispanics (p<.0001). The allele frequencies were
consistent with those shown in similar ethnic groups in HAPMAP (http://
hapmap.ncbi.nlm.nih.gov/). Within each ethnic group there was no evidence against the null
hypothesis that the genotype distribution was in Hardy Weinberg equilibrium (all p>0.05).
The clinical features of the study population according to the MTNR1B rs10830963
genotype are shown in table 1. Subjects carrying the minor allele for the rs10830963 in
MTNR1B showed higher fasting glucose levels in Caucasians (p=0.005), and Hispanics
(p=0.0001) independent of age, gender, pubertal stage and z-score BMI and the same trend
was observed in African Americans (p=0.090) (figure 1A). Of note, the ®y, evaluated with
OMM, was significantly decreased in subjects carrying the risk allele (figure 1B). The
MTNR1B rs10830963 was associated with IFG in Caucasians (OR=2.098; 95%ClI
0.983-4.481, p=0.055), African Americans (OR=3.724; 95%CI 1.360-10.119, p=0.0105) and
Hispanics (OR=2.497; 95%CI 1.009-6. 176, p=0.040).

between the MTNR1B rs10830963 and the other categories of glucose

In Caucasians the MTNR1B rs10830963 was associated with a higher risk of showing IFG
and IGT together (OR=3.118; 95%CI 1.413-6.883, p=0.0049), and there was a trend towards
an association with the risk of isolated IGT (OR=1.456; 95%CI 0.989-2.537, p=0.08). In
African Americans the MTNR1B rs10830963 was also associated with a higher risk of
showing isolated IGT (OR=3.286; 95%CI 1.203-8.980, p=0.020), but there was no
association between the MTNRI1B variant and the IFG+IGT in African Americans
(OR=2.140; 95%CI 0.656-6.982, p=0.20) and Hispanics (OR=1.301; 95%CI 0.595-2.846,
p=0. 51).

between the G6PC2 rs560887 and fasting glucose, insulin secretion and

categories of glucose tolerance

The frequency of the GBPC2 rs560887 minor allele (T) was 0.276 in Caucasians, 0.066 in
African Americans and 0.165 in Hispanics (p<.0001). The allele frequencies were consistent
with those shown in similar ethnic groups in HAPMAP (http://hapmap.ncbi.nlm.nih.gov/).
Within each ethnic group there was no evidence against the null hypothesis that the
genotype distribution was in Hardy Weinberg equilibrium (all p>0.05). The clinical features
of the study population according to the GBPC2 rs560887 genotype are shown in table 2.
For the GBPC2 rs560887 the risk allele was the major allele, that was significantly
associated with higher fasting glucose levels in Caucasians (p=0.008) and Hispanics
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(p=0.011) independent of age, gender and BMI (figure 1C). The HbAlc was slightly
increased in subjects carrying the risk allele in Caucasians and Hispanics (p=0.075 and
p=0.0073, respectively). Further, subjects carrying the risk allele for the GBPC2 rs560887
showed increased 1GI and DI in Caucasians (p=0.048 and p=0.021, respectively) and
Hispanics (p=0.041 and p=0.071, respectively), independent of age, pubertal stage, sex and
z-score BMI (table 2). The G6PC2 rs560887 risk allele was associated with an increased ®q4
in Caucasians and Hispanics (p=0.013 and 0.044, respectively) (figure 1D) and an increased
d¢ (p=0.0013) in Hispanics (table 2). There was no association between the G6PC2
rs560887 and isolated IFG or IFG+IGT or isolated IGT in any ethnic groups (all p>0.05). To
assess whether the lack of association between the GGPC2 SNP and IFG might be due to the
sample size, we calculated the power to detect the association in the whole population. We
assumed a risk allele frequency of 80%, a case control ratio of 10:1, and a prevalence of
10%. A multiplicative model was used where the heterozygous genotype was assumed to
have a relative disease risk of 1.2, whereas a homozygous individual was assumed to have a
relative disease risk of 1.44. At the statistical significance level of 0.05, 735 cases and 7350
controls would be required to have a power of 80%. With a sample size of 50 cases and 450
controls, the power is 34% to detect a relative risk of 1.5, and 68% to detect a relative risk of
2.

Follow-up cohort—The cohort of 274 subjects followed up did not differ from the main
cohort for age, gender, ethnicity and z-score BMI. Among them, 142 showed NGT, 28
isolated IFG, 38 IGT+IFG, and 66 isolated IGT. The three ethnic groups did not differ for
fasting, 2 hour glucose or disposition index at baseline. The main baseline clinical
characteristics of the subjects according to the genotypes who performed the longitudinal
follow-up are reported in supplementary table 1.

For the MTNR1B rs10830963 variant, 175 subjects were CC, 91 CG and 8 were GG. The
three groups of genotype did not differ for follow-up time (CC=3.14+2.29, CG=3.21+2.63,
GG=3.27£1.75 p=0.95). The minor allele of the MTNR1B rs10830963 was associated with a
statistically significant higher delta fasting glucose (CC=-1.92+9.58, CG=-1.96+11.9,
GG=5.06+18.1 p=0.032) and delta HbAlc% (CC=0.04+0.32, CG=0.04+0.31,
GG=0.49+0.62 p=0.0002) independent of age, gender, ethnicity, z-score BMI at baseline
and changes in z-score BMI, follow-up time and baseline levels of fasting and 2-hour
glucose. Notably, the MTNRI1B variant showed a trend towards higher risk of transitioning
from NGT to isolated IFG (HR=2.131; 95%CI 0.903-5.079 p=0.067) and was associated
with a significant higher risk to develop IFG+IGT, IGT or T2D (HR=2.595; 95%ClI
1.125-5.449, p=0.013) independent of age, gender, ethnicity, pubertal stage, z-score BMI,
baseline fasting plasma glucose, delta z-score BMI. Concerning the G6PC2 rs560887 SNP,
198 subjects were CC, 65 were CT and were 11 TT. The G6PC2 variant was not associated
with any significant changes in fasting glucose and HbAlc over time (p=0.17 and p=0.43,
respectively). Furthermore, NGT subjects homozygous for the rs560887 risk allele did not
show a higher risk of developing pre-diabetes at follow-up (HR=1.004; 95%CI 0.376-2.528,
p=0.87).
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Discussion

The current study provides, for the first time, insights about the genetic predisposition to
IFG of obese adolescents. Herein, we show that the risk alleles of the rs10830963 in the
MTNR1B gene and of the rs560887 in the G6PC2 gene are associated with increased levels
of fasting glucose, but while the risk allele of the MTNR1B rs10830963 is associated with a
lower dynamic beta cell responsivity, the GBPC2 rs560887 risk allele is associated with an
increased dynamic beta cell responsivity. Further, while the MTNR1B rs10830963 SNP
carries an increased risk of showing and developing IFG, this is not observed for the G6PC2
rs560887. These data suggest that 1) the two glucose raising alleles might lead to high
fasting glucose levels via different mechanisms and that 2) the association between the two
risk alleles and the fasting glucose have a different clinical relevance, with the MTNR1B
variant being a potential trigger for pre-diabetes in obese youth.

The MTNRI1B rs10830963 is a single nucleotide polymorphism located in the single intron
of the MTNR1B gene, which is a two exons gene in the long arm of chromosome 11 (11g21-
g22). The MTNR1B gene encodes one of the two known human melatonin receptors, the
MT2, and it is highly expressed in the beta-cells. Previous studies have shown that the
MTNR1B allele is involved in the regulation of insulin secretion; in fact, animal and in-vitro
experiments showed that the treatment of pancreatic beta-cells with melatonin attenuates
insulin secretion and that exogenously administered melatonin inhibits insulin secretion in
rodents (27). Given these observations, some authors have hypothesized that the risk allele
of the rs10830963 variant may affect insulin secretion by causing an increased expression of
the MT2 on the beta cell membrane (22), which in turn results in a decreased CAMP
dependent signaling and ultimately in a reduced insulin secretion. Moreover, consistent with
previous studies (22, 28, 29, 30) herein we observed that subjects carrying the MTNR1B
rs10830963 minor allele tend to have a lower ®y, which is a measure of the dynamic beta
cell responsivity, whose impairment is a key feature of IFG, along with hepatic insulin
resistance (6).

As we observed quite a large effect size for the association between the MTNR1B SNP and
fasting glucose, we reviewed some previous studies aimed at assessing the same association
to see how different our observation is from those. Interestingly, studies in obese children (,
31) and adults with European ancestries including also subjects with type 2 diabetes (22)
showed an effect size larger than that observed in our population of obese youth of European
ancestries. In fact, the effect size observed in our group of obese individuals of European
ancestries (after converting the glucose in mmol/L to compare our results with those
obtained in previous studies) is beta (3) =0.10 and standard error (SE) =0.038, similar to that
observed in obese children (f =0.20; SE 0.038) (31) or in adults (3 =0.16; SE 0.022) (22).
When we analyzed the studies dealing with the association between the MTNR1B and
fasting glucose in African American and Hispanics, the effect size was much larger in the
group of African American and Hispanic youth in our study than in adults (17, 32). This is
interesting, because obese kids belonging to these two ethnic groups are at high risk of
developing prediabetes and type 2 diabetes (33).
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The mechanisms underlying the association between the GBPC2 variant and fasting glucose,
so far, are poorly understood. In fact, consistent with previous studies (19, 34) we observed
that the GBPC2 rs560887 risk allele is associated with higher glucose levels and higher rate
of insulin secretion. This paradox is quite difficult to explain, because any increase of
insulin secretion should lead to a decrease in glucose levels unless the insulin targeted
tissues are more resistant or the insulin molecule is less active. In our cohort insulin
sensitivity was similar among the G6PC2 genotypes in each ethnic group (table 2), but the
OGTT derived WBISI, used to assess whole body insulin sensitivity, does not allow to
discriminate the degree of insulin resistance in different tissues, therefore we cannot exclude
an effect of the G6PC2 variant on hepatic insulin resistance. In a previous study in adults,
though, the authors showed that subjects carrying the risk genotype have a higher hepatic
glucose production (35), but the hypothesis of an impairment of hepatic insulin sensitivity is
not consistent with the fact that the G6PC2 gene is expressed exclusively in the beta cell. In
particular, the GBPC2 gene encodes for the glucose-6-phosphatase, which catalyzes the
hydrolysis of glucose-6-phosphate to glucose and inorganic phosphate thereby reducing the
glycolytic flux and opposing the action of the glucokinase. In the beta cell this effect
translates in a negative regulation of the glucose stimulated insulin secretion (16, 36, 37).
The major allele (C) of the rs560887 variant, which is located within the third intron of the
gene, has been demonstrated to lead to an increase of the GBPC2 expression (23), which
should result in a reduction of glycolytic flux and a reduced insulin secretion with a
consequent increase of glucose levels, but this hypothesized scenario contrasts with the
phenotype observed in subjects carrying the risk allele. Therefore, it is possible that this
gene variant impairs insulin synthesis and/or function, or is in linkage disequilibrium with
another locus modulating glucose levels by affecting hepatic insulin sensitivity. Moreover,
we did not observe an association between the G6PC2 variant and prediabetes, this might
mean that the effect of the rising glucose genotype is not strong enough to confer
susceptibility to prediabetes, as it has been suggested also by studies in adults showing no
effect of the G6PC2 rs560887 glucose rising allele on the development of type 2 diabetes
(38, 39). The lack of an association between the G6PC2 variant and the IFG in our study
might be due to the fact that our study is underpowered to detect the association between the
G6PC2 variant and the IFG; in fact, we calculated that to detect the association between the
G6PC2 variant and IFG in our cohort a sample size of about 8000 subjects would be needed.
The need of such a large samples size just corroborates the fact that the effect size of the
G6PC2 risk allele on the risk of showing IFG might be quite low.

We compared the effect size for the association between the G6PC2 rs560887 and fasting
glucose observed in our study with the ones observed in previous studies done in adults and
children. Interestingly, while the effect size of the association between the G6PC2 SNP and
fasting glucose in our group of obese youth of European ancestries was comparable to that
found in other pediatric groups, in fact, our effect size, after converting glucose in mmol/L
was 3 =0.073; 95%CI 0.058-0.088 and was similar to that found in the study by Barker et al.
(21). The effect size observed in adults of European ancestries was 3 =0.076 (40). Also, the
effect size of the association between G6PC2 SNP and fasting glucose was higher in our
group of Hispanic patient (§ =-2.63; SE=1.059) compared to that seen Hispanic adults (p =—
1.60; SE=0.61) (18). Although, we cannot make any definitive statement, it is possible that
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the association between the G6PC2 rs560887 and fasting glucose is stronger in children than
in adults. Furthermore, it is interesting to note that in our study the group of Hispanic
children showed a larger effect size than African Americans and Caucasians for the
association between fasting glucose and some of the insulin secretion indexes for both
MTNR1B and G6PC2 genotypes. Despite that, we did not find any statistically significant
interaction, meaning that the effect sizes are not statistically different among the three ethnic
groups, however this negative result could be due the small sample size.

We acknowledge that this study has some limitations. In particular, the major limitation is
the samples size, but it has to be kept in mind that metabolic studies are very expensive for
the investigators and demanding for the children. In fact, children undergoing the studies
lose a day of school and the parents a day of work; also the children have to be fasting for
more than 12 hours before the study. In light of our sample size, we acknowledge that our
data need to be interpreted with caution, in particular some associations for the nominal
significance of G6PC2 variant, could be a false-positive association caused by multiple
testing for more than 10 traits tested in three different populations.

The strengths of our study are the young age of our patients, the assessment of the dynamic
measures of insulin secretion evaluated by the oral minimal model (OMM) and the follow-
up component.

In conclusion, this is the first study showing in obese children and adolescents that the
MTNR1B rs10830963 and the G6PC2 rs560887 variants are associated with alterations of
fasting glucose levels and insulin secretion and that they probably have a different clinical
relevance. In fact, while the MTNR1B rs10830963 variant is associated with the risk of
developing prediabetes, the effect of the GBPC2 rs560887 on the risk of prediabetes in obese
youth might be negligible, but further studies in larger cohorts of obese youth are needed to
confirm these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject

e« MTNRI1B rs10830963 and G6PC2 rs560887 SNPs are associated with fasting
glucose levels in adults and children.

e The glucose raising allele of the MTNR1B rs10830963 is associated with a
reduced insulin secretion in adults.

e In adults it has been shown that the MTNR1B rs10830963, but not the G6PC2
rs560887, is associated with the risk of type 2 diabetes.
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What this study adds

e This is the first study dealing with the genetics of impaired fasting glucose
(IFG) in pediatrics.
e This s the first study showing the association between the MTNR1B rs10830963

and G6PC2 rs560887 SNPs and fasting glucose in a multiethnic group of obese
youth.

e This study shows for the first time in a pediatric population the association
between MTNR1B rs10830963 and G6PC2 rs560887 SNPs and the phases of
insulin secretion evaluated by the oral minimal model.
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Figure 1. Fasting glucose and @dynamic according to the genotypes in the three ethnic groups
1A Fasting glucose levels (mg/dl) according to the MTNR1B rs10830963 genotype. *

p=0.005, ** p=0.090 and ***p=0.0001. 1B. ®dynamic (10%) according to the MTNR1B
rs10830963 genotype. # p=0.040, ## p=0.0009. 1C. Fasting glucose levels (mg/dl)
according to the GBPC2 rs560887 genotype. * p=0.008, ** p=0.011. 1D. ®dynamic (109)
according to the G6PC2 rs560887 genotype. # p=0.013, ## p=0.044.
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Figure 2. Changes over time of fasting glucose and HbA1c%
The figure shows the delta fasting glucose (A) and delta HbAlc (B) according to the

MTNR1B rs10830963 genotype. The minor allele of the MTNR1B rs10830963 was
associated with a statistically significant higher delta fasting glucose (p=0.039) and delta
HbA1c% (p=0.0002) independent of age, gender, ethnicity, z-score BMI at baseline and
changes in z-score BMI, follow-up time and baseline levels of fasting and 2-hour glucose.

Obesity (Slver Spring). Author manuscript; available in PMC 2016 May 01.



Page 16

Zheng et al.

"UOITRIABP PJepUe)S PUB UBSW S UMOUS 8Je Blep ay |
‘|G 8102s-Z pue afels Jauue | ‘xas ‘abe loy paisnipe sanjea adAjousyd mes uo paseq aJe sanjea (3S) 4oLl pJepuels pue elag “|INg 2109s-Z pue abels Jauue | ‘xas ‘abe 1oy paisnipe aie sanjea-d ayy pue sasAjeue sy BuluuNl 81049q PALLIOJSUEI) [BULIOU 3SI9AUI U3SQ dARY BIep 8y L
M

66'0 | (926) 06T | cizzFesSe | 99T8¥09Lv | zevs¥8zee | 200° | (€98) ZT6T- 019 2917vesT | Te26¥T688 | 950 | (es) 08 | vsseFe06z | ossereove | seszrooze | G-lowd/uiwBy P 1.0T) (IO} IA,
L00 | (Ledvee | 8T¥cee | v'SIFeSe | ¢eIF6l | 200 | (€2°€) 96'L- €29 9vTF0'9T | 96T¥8ve | LT0 | (6T OVT- | 9CIFI'ST | TGIF9'TZ | C'9TF9TC (-1jowd frunwe ¢ B - I g 0T) IS,
100 | (@8)T91- | L'Se¥9z6 | v'1L¥506 | €T19%060T | LT0 | (62T) 9¥T- 2’65 8'9v¥5'88 | €29¥920T | L20 | (T159) 68 | V'6EFETOT | 2'95F9'S6 | ¥'LvF8'C6 (Ui .01) ™%
200 | (OvvT- | STe¥e'8L | v'85¥TeL | G95¥.88 | 620 | (BTT) ¢vI- 8Ly €8e¥,'59 | €.6¥208 | 610 | (SS¥)S6'E | 6'TEFT'S8 | SOVF6'SL | VEvFovL (U g 0T’
6000° | (92€) TeV- | GLv¥eveT | 96.¥S.2T | 009¥98LT | 6€0 | (902) 9°2T- 1221 862¥680T | 90T¥8STT | v0'0 | (5°26) 881~ | 9€9¥G0ZT | 6TBF8SET | 009FG8ST (uwW TIPS
200 | (€90)€ST- | O€EFTVI 9YFECT eGFOYT | 8v'0 | (wTT)vee 0T 0'G¥Z'ST 097r'eT | 9¢0 | (19°0)650- | GGFLGT 8'GTGET G'978'ST (r-unw 6.07) %@

L 8y 68 1 12 41 T 16 8zt N

|apow [ewiuiw [e1Q

5000 | (€9°0)25'T- | LvzFeey | 18'€%.8'G | 96€¥88'9 | 0 | (60'T) 290 | s5€Fi66 | 9T9FOrs | €857998 | ve0 | (260)0T0 | L6°€F6'S | 98'VFLED | 6G€FL8S GBurz) 1a,
100 | (ev0)8TT- | ve'TF9ze | ovzFe9e | vIvFe0s | v20 | (T160) TTO- | 6v5¥69'S | S8'eveed | STvF9s's | 2,0 | (€0)z000- | L92F6Le | 18€F9zy | 98eFeet (Bwnr) 191,
v50 | (T0)8200 | 6€0FIGT | 0ZTFIST | 96°0¥8LT | 9¢0 | (6T0)620- | 250%v¥'T | 96'0¥8ST | TZT#98T | 190 | (60°0)¥T0- | 6TTF26'T | ¥6°0798°T | SZTF68T (Nn/Bur1) 1S1aM
60 | T2 vzo- | seFe8e 7'OT¥8'€E | 6'8TF9€E | 08°0 | (882)GET | €veFL vy | G8IF¢LE | €02¥GGE | 800 | (TwDyy'T- | 88TFTTE | 0LTF80E | T'8IFCTE (wynr) ugnsur
820 | (v00)900 | ovoFors | og0Fiss | Te0FEr's | 990 | (L00)¥00 | zeoFess | veoFess | LeoFess | 620 | (€00)S00 | 620Frrs | Te0Fer's | oeoFoss (%) 9TVaH,
900 | (197)0zs | Teveeer | 0zFLver | 9zeFeell | 810 | (9zw) 0TS | T9zFO6ET | 99zFLzeT | 99z7002T | 990 | (122 69T | 6'G2FS6IT | 6G2FSELT | 992FZ 0T (Ip/Buw) soonib y g
1000° | (06°0)65€ | €8¥1°96 0'8¥2'S6 vIFTT6 | 600 | (L€T)Llze | 8€¥220T €'6¥0'76 Z8¥'T6 | G000 | (69°0) 6T | €TI¥SZ6 8'8¥0'T6 9'9¥6'68 (Ip/Bw) asoonyB 4
€10 - 1807607 | ovoFrez | e€g0F.€T | 190 - G2'0709C | se0¥8y'z | 6c0¥ere | 640 - 8207522 | LE0FIEC | LEOFIET IINg 81008-Z
6,0 - 9/¢ o /€€ €L/95 | S50 - T/C 8T /6T 10T/TL | €T0 - ST/L vLIT9 02T /%9 (/W) xS
€70 - GZT8El TEFLTT SeTrel | 160 - 8'079'€T L'ZFSET geFeel | €00 - LTFTvT VEFEET 6'EFEYT (s1eaf) by

6 €L 62T € €e 8.1 2 Get 8T N

d (3s) g 29 90 20 d (3s)epg 29 90 20 d (3s)erd 29 90 20
soluedsiH SuedIIsWY UBdLISY sueiseane)

adAouab £960£80TS4 GTHNLIA Y1 01 Buipaosoe uoneindod Apnis ay3 Jo sainiead [ealuld
Toalqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Obesity (Slver Sporing). Author manuscript; available in PMC 2016 May 01.



Page 17

Zheng et al.

"UOITRIABP PJepUe)S PUB UBSW S UMOUS 8Je Blep ay |
‘|G 8102s-Z pue afels Jauue | ‘xas ‘abe loy paisnipe sanjea adAjousyd mes uo paseq aJe sanjea (3S) 4oLl pJepuels pue elag “|INg 2109s-Z pue abels Jauue | ‘xas ‘abe 1oy paisnipe aie sanjea-d ayy pue sasAjeue sy BuluuNl 81049q PALLIOJSUEI) [BULIOU 3SI9AUI U3SQ dARY BIep 8y L
M

600 | (vsot)6e0z | 9eeeFvovy | vocerie8z | £09.¥7TLeS | 6570 | (080T) 969 | cosFvest | tereFrese | o6'0 | (vse)zzz | zostFiszz | eiseFvoov | viseFevoe | G-11owdypuiw(B63-1p 4p-0T) fel0) 1,

v90 | (792 eeT- | ¢eeFose | 6L1F6'Ge | 8'L1F.€z | 850 | (29v)i€v | 9¥IFOOT | 96TF8ve | G50 | (L2T)680 | L0T¥8'8T | 861F6'GC | L0ZFEWe (-7 1owd/p.uiw-1.6%-1p c.0T) IS,
v000" | (T0T) €2 | STTFTY9 | €08F9€L | 6'2,F2OTT | L90 | (L'9T)69€ | 89r¥G88 | €29¥920T | 920 | (cz9)96C | 02€EFGC8 | 9€5¥¢'S6 | TOSF'G6 (U ¢.01) %
1000 (6'8) 6'S2 TSTF6'€S | €Ll¢¥ze9 | ¢so¥eee | 260 | (0sT)S87¢C- | €8e¥.69 | €26¥¢08 | €10 | (6cv) €S9 | 692F00L | S9EF9TL | L'SvF8'6L (Ul g.01)°® |
v0'0 | (0'6vT) 2'29¢ | TOBFOVOT | 8z ¥¥6ZT | 00LFTTLT | 890 | (6¥2) 6" '¥T | 8EC¥680T | 90T¥8STT | 100 | (8'T6)8 96T | 00S¥660T | ¥G.FB6ET | 009FG8ST (U s0T)Pe
600 (89°0) 9T'T €ETIET 67FEZT gvFeyl | ev0 | (8€'T)080 | 0GFC'ST 09%7r'eT | S90 | (850)2T0 ¥'9¥8'9T TGF8ET 6'9F'ST (r-unw 6.07) %@

4 134 66 0/LT 61T 67 6 44" N

|apow [ewiuiw [e1Q

100 | (€ro)ze0 | 89cresy | erv¥ee's | 9e's¥9zL | 00 | (€€T) 060 | ovvFesL | S09FzL8 | 1200 | (sro)eeT | erzFesy | 80°€FLGS | 00°9FL0°L GBurz) 1a,
v00 | (re0)ego | esT¥9 | TZEFOoOr | 8Le¥08y | 260 | (OTTIvE0 | vee¥809 | €zv¥8Ls | 8v00 | (0€0) 290 | STEFTve | 9L2¥e9e | LEvFeLY (Bwnr) 191,
160 | (#7°0)6500 | ¥S0¥90C | €6°0¥8LT | L0T¥LLT | S20 | (€20)2z0 | 00T+#SST | 6TTFL8T | v6°0 | (6000) 7000 | 68°0F¥29T | TUTF.6'T | 8TTFEST (nr/Bwizz)) 1S19M
290 | (Lee)ege- 9'9¥e'Ge | 6'8TF¢cee | 691F9€e | 9v0 | (6BY'E)TTT- | 991F€6E | 90cFE'SE | 690 | (ET)¥80- | OveF06e | €LIFV'IE | 6'9TF8€E (uynm) ugnsup
1000 | (bo0)oT0 | veoFoes | ScoFies | veovers | €80 | (2000) €000 | TE0FTYS | L£0%09'G | G200 | (co0)e0o | szoFIES | 2€0¥8ES | TE0FTHS (%) 9TVaH,
720 | (8677090 | ¥2z¥9€ll | 6'€2¥GTeT | T'2g¥e 12l | 120 | (61'9)220- | G¥e*6'02T | 0'2¢¥e0et | 620 | (SU2)ve0- | 8'G2¥8'8TT | ¥'9¢FL 22T | L'92F91eT (Ip/Buw) soonib y g
100 (€0'7) 65°C 6'8¥5'G8 8'/FT'16 8.¥.¢6 | 880 | (L9T)150- | ¢8¥F€16 8'8¥6'16 | 8000 | (59°0)9v'T L1788 €'8¥16 8',%0'¢6 (Ip/Bu) asoonyb 4
680 - 97'0%¥85C | 8¢0¥ve | seo¥seT | L80 - ve0TSre | 650FrrC | 0 - 8e'0¥7622 | Ov'0¥8ZZ | vE0FEEST IINg 81008-Z
100 - 0/§ ve /1T L1]59 60 - YT/ET TIT/€L 790 - 12/0T €L /1S 2IT/ 69 (2/W) xas
760 - LEFTET 1€%G°2T 2e¥92T | 0£0 - 1'T¥8ZT 8'EFGET 110 - TYFe YT 6'€FC YT 7'EFIET (s1eak) aby

S 85 f44) T/9¢ 8T 1€ et 18T N

d (3s)erd 11 10 20 d (3s)epg 11/10 20 d (=3s) ey 11 10 20
sojuedsiH SUBDIIBWY UL sueiseane)

adAjousab 8809554 ZDd99 ay1 01 Buipaodoe uonejndod Apnis ay3 Jo saaniesd [ealuld
¢ 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Obesity (Slver Sporing). Author manuscript; available in PMC 2016 May 01.



