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INTRODUCTION

	 Growth hormone (GH)-insulin-like growth factor-I 
(IGF-I) axis regulates human postnatal growth 
and glucose metabolism.1 Human GH signals via 
growth hormone receptor (GHR), a transmembrane 
protein dimer belonging to the type-I cytokine 
receptor superfamily.2 Full-length GHR is encoded 
by the human GHR gene located on the short arm of 
chromosome 5, with nine coding exons.2 Deletion 
of exon-3 from the GHR gene (GHRd3) is a common 
human-specific polymorphism, which results in the 
absence of 23 amino acids from the GHR extracellular 
domain.3 Deletion of exon-3 appears to influence 
membrane trafficking and stability of GHR; however, 
the GH-binding ability remains intact.4 The impact of 
the GHRd3 polymorphism on GHR signaling was first 
seen as an increased sensitivity to recombinant human 
GH (rhGH) therapy.5 The GHRd3 polymorphism  has 
been shown to increase growth responses to human 
recombinant GH (hGH) treatment in children with or 
without GH deficiency (GHD).6 Patients with GHD who 
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ABSTRACT
Objectives: This study investigated the association of the GHRd3 polymorphism with height and type-2 diabetes 
mellitus (T2DM) in Saudi Arabia.
Methods: This case-control study included a total of 284 participants, divided into healthy controls (n = 142) and 
patients with T2DM (n = 142), recruited from Jazan University Hospital, southwest of Saudi Arabia in the period 
between January to September 2022. The GHRd3 polymorphism was genotyped using multiplex PCR. The correlation 
between height and genotypes was analyzed using one-way analysis of variance. The association between GHRd3 
polymorphism and T2DM was assessed using logistic regression analysis.
Results: The data showed a significant difference between the means of heights associated with each GHRd3 genotype, 
flfl, fld3, and d3d3. Logistic regression analysis showed no association between GHRd3 variants and T2DM. 
Conclusion: Homozygous GHRd3 polymorphism carriers, d3d3 genotype, were taller than fld3 or flfl carriers in our 
population. None of the GHRd3 variants were associated with T2DM. Thus, the GHRd3 polymorphism has growth-
related actions with a minor contribution to T2DM. However, more studies with a larger sample size are required to 
confirm these findings. 
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are homozygous for the GHRd3 polymorphism (d3/d3 
genotype) are highly responsive to hGH therapy.7 In 
another study, children with idiopathic short stature 
carrying the homozygous GHRd3 (d3/d3) genotype 
exhibited increased sensitivity to hGH treatment 
presented by higher short-term IGF-1 production.8 The 
GHR d3 allele was also associated with faster postnatal 
growth in low-birth-weight preterm infants and 
small for gestational age children (SGA).5,9 However, 
regardless of the large number of studies reporting the 
effect of the GHRd3 polymorphism on human growth 
under some conditions, the direct effect of the GHRd3 
polymorphism on the final adult height in the general 
population remains to be investigated. The sensitive 
GHRd3 allele may also be associated with increased 
male reproductive function such as high semen quality 
and sex-hormones levels 10 and a decreased risk of 
breast cancer.11

	 The GHRd3 polymorphism has also been implicated 
in the pathogenesis of insulin resistance and type-2 
diabetes mellites (T2DM). For example, the GHRd3 
allele was linked with increased insulin secretion 
and sensitivity during puberty.12 In acromegaly, this 
polymorphism was significantly associated with 
an increased body mass index (BMI) and insulin 
resistance.13,14 Additionally, in a study investigating 
the association between the GHRd3 polymorphism 
and Type-2 diabetes mellitus (T2DM), the homozygous 
d3d3 genotype was found to prevent disease 
development whereas the presence of the full-length (fl) 
GHR genotype (fl/fl) was associated with phenotypes 
indicative of metabolic disorders such as high body 
mass index (BMI), elevated C-reactive protein (CRP), 
impaired lipid levels, and impaired glucose tolerance.15 
	 Diabetes mellitus (DM) is a multifactorial condition 
that is becoming a global health concern because of 
its rapidly increasing prevalence. According to the 
World Health Organization (WHO), approximately 
seven million individuals in Saudi Arabia are diabetic 
and more than three million are pre-diabetic, making 
Saudi Arabia the second-highest ranking country 
for diabetes prevalence in the Middle East.16 Type-2 
diabetes mellitus (T2DM) is the most common form of 
diabetes characterized by hyperglycemia due to insulin 
resistance. The role of GH-IGF-1 in insulin resistance is 
well established. For instance, increased IGF-1 plasma 
levels are associated with reduced T2DM risk, and IGF-
1 gene polymorphisms have been linked to T2DM and 
other age related disorders.17-19 Therefore, altered GHR 
responsiveness caused by GHR exon-3 deletion alleles 
may influence IGF-1 secretion levels and contribute to 
T2DM. Further, a shorter adult phenotype has been 
linked with an increased risk of T2DM.20 However, 
the relationship between the GHRd3 polymorphism 
and T2DM and adult height has not been investigated 
in Saudi Arabia. In this study, we investigated, for 
the first time, the genetic relationship of the GHRd3 
polymorphism with adult height and T2DM in Jazan 
province, Saudi Arabia.

METHODS

	 In total, 284 participants were included in this 
study and divided into two age-matched groups: i) 
142 subjects previously diagnosed with T2DM and ii) 
142 healthy control subjects. Patients were recruited 
from the outpatient clinic at Jazan University Hospital, 
Southwest Saudi Arabia, between January 2022 and 
September 2022. The inclusion criteria were as follows: 
Saudi Arabian citizens aged 35 years or older, with 
T2DM, or without T2DM or any other cardiovascular 
disease.
Ethical approval: All participants signed a consent 
form before data or blood sample collection. Ethical 
approval was obtained from the local ethics approval 
committee (IRB No. REC-43/02/017) and the study was 
conducted according to the principles of the Declaration 
of Helsinki.
	 Basic data including age, sex, and a family history 
of T2DM were obtained through direct interviews. 
The volunteers’ weight in kilograms (kg) and height 
in centimeters (cm) was determined using the health 
o meter Professional scale 501KL (McCook, IL, USA). 
Height and weight measurements were obtained with 
bare feet and were repeated twice; the mean of the two 
measurements was used as the final height and weight. 
The body mass index (BMI) was calculated using weight 
(kg) and height (m) as follows: BMI = kg/m2. Fasting 
plasma glucose (FPG) levels were determined using 
the glucose oxidase method. Glycated hemoglobin 
(HbA1c) levels were determined using a quantitative 
turbidimetric inhibition immunoassay.
DNA extraction and genotyping: Whole blood 
samples were collected from each patient  in  
5-mL EDTA tubes. Genomic DNA was extracted from 
200 µL of whole blood using the GeneJET Genomic 
DNA Purification Kit (Thermo Scientific, Waltham, 
Massachusetts, USA) according to the manufacturer’s 
instructions. The DNA quantity was estimated using a 
NanoDrop microvolume spectrophotometer (Thermo 
Scientific). The ratio of absorbance at 260 and 280 nm 
(A260/A280) was determined to check the quality of the 
extracted DNA. Samples with ratios of 1.8 or higher 
were considered suitable for subsequent analysis. The 
full-length allele (fl) and exon 3-deleted allele (d3) of 
GHR were genotyped by multiplex polymerase chain 
reaction (PCR) as described previously.21

Statistical analysis: Data are  presented as mean ± 
standard deviation (SD) or percentage. Statistical 
comparisons between two groups were performed 
using the student’s t-test. Multiple group comparisons 
were performed using parametric one-way analysis of 
variance (ANOVA) with Tukey’s post-hoc test. To assess 
the relationship between the GHRd3 polymorphism 
and T2DM, binary logistic regression analysis was 
performed using the fl/fl genotype as a reference. 
Statistical significance was set at a p-value < 0.05. All 
statistical analyses were performed using GraphPad 
Prism-9 (GraphPad Software Inc., San Diego, CA, USA). 
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RESULTS

	 The baseline characteristics of the control and T2DM 
groups are summarized in (Table-I). There was no 
significant difference in sex distribution between the 
two groups (p = 0.218). However, there was a significant 
difference in age (p < 0.0001), potentially because of the 
presence of a large proportion of older participants in 
the T2DM group. Upon comparing the heights of the 
two groups, a lower mean height (cm) was found in 
the T2DM group (161.2 ± 8.6) than in the control group 
(163.2 ± 6.8), which reached the statistical significance 
(p = 0.039). Patients with T2DM also demonstrated 
significantly higher mean BMI, fasting plasma glucose, 
and HbA1c levels than controls. 
	 In the entire study population, the frequencies of 
GHRd3 variants were 44.4% (flfl), 43.0% (fld3), and 
12.6% (d3d3) (Table-II). The Hardy-Weinberg equi-
librium (HWE) test showed a p-value of 0.449, indi-
cating that the genotype frequencies were at equi-
librium. Similar distributions of GHRd3 variants 
were observed in the T2DM and control groups  

(Table-II). Additionally, logistic regression analysis based 
on genotype or allele analysis showed crude ORs closer 
to 1.0 and p-values > 0.05, indicating no significant associ-
ation between the GHRd3 polymorphism and T2DM risk.  
	 To determine the effect of the GHRd3 polymorphism 
on final adult height, the mean height of the total study 
population was plotted based on the GHRd3 genotypes 
(Fig.1A). One-way ANOVA showed a statistically 
significant difference between the means (p-value = 
0.0007). The mean heights of individuals with the fld3 
or d3d3 genotypes were 2.6 cm (p = 0.0180) or 5.1 cm 
(p = 0.0015) taller than those with the flfl genotype, 
respectively. To rule out the potential coincidence 
created by differences in sex distribution, data were 
further divided by sex, and the mean heights were re-
plotted against each GHRd3 genotype; a similar effect 
was also observed (Fig.1B).

DISCUSSION

	 The distribution of GHRd3 polymorphisms in Saudi 
Arabia has been published elsewhere.21 In this study, 

Table-I: Baseline characteristics of the study population.

Characteristic Total
(n=284, 100%)

Control
(n= 142, 50%)

T2DM
(n= 142, 50%) p-value

Gender n (M/F) (132/152) (62/80) (70/72) 0.218*

Age (years) 54.1±14.3 49.2±13.9 59.0±13.1 <0.0001

Height (cm) 162.3±7.8 163.2±6.8 161.2±8.6 0.039

Weight (kg) 72.0±12.4 70.4±10.5 73.9±14.2 0.021

BMI (kg/m2) 27.3±4.4 26.5±4.0 28.4±4.7 <0.001

FPG (mmol/L) 8.8±4.9 5.6±1.0 12.1±5.3 <0.0001

HbA1c (%) 7.16±2.2 5.50±0.8 8.9±1.8 <0.0001

Notes: Data are mean±SD unless otherwise specified. BMI; body mass index, 
FPG; fasting plasma glucose, HbA1c; Glycated hemoglobin. *Chi-square test.

Table-II: Frequency of the GHRd3 polymorphism in the study groups and association with T2DM.

Genotype/Allele Total
n=284 n (%)

Control
n = 142 n (%)

T2DM
n = 142 n (%)

HWE
p-value*

OR (95% CI)
p-value**

flfl 126 (44.4) 65 (45.8) 61 (43.0)

0.449

Reference (1.0)

fld3 122 (43.0) 60 (42.2) 62 (43.7) 1.10 (0.68 -1.79) 0.799

d3d3 36 (12.6) 17 (12.0) 19 (13.4) 1.19 (0.58-2.50) 0.707

fld3+d3d3 158 (55.6) 77 (54.2) 81 (57.0) 1.12 (0.71-1.77) 0.720

fl 374 (65.8) 190 (66.9) 184 (64.8) Reference (1.0)

d3 194 (34.2) 94 (33.1) 100 (35.2) 1.09 (0.78 - 1.55) 0.658

Notes: T2DM: Type-2 Diabetes Mellitus. OR; Odds ratio. CI; confidence interval. 
HWE; Hardy-Weinberg equilibrium. *Chi-square test (2-tailed). ** Fisher’s exact test (2-tailed).
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we investigated the association between GHRd3 
polymorphisms and adult height or T2DM in the 
Saudi Arabian population from the Jazan area. To our 
knowledge, this is the first study to explore this topic 
in this region. Our data initially showed a positive 
relationship between the GHRd3 polymorphism and final 
adult height. Carriers of the full-length GHR genotype 
(flfl) demonstrated shorter phenotypes than those of the 
fld3/d3d3 genotype, regardless of sex. This finding may 
be explained, at least partially, by the increased sensitivity 
of GHRd3 to human GH. This phenomenon has been 
confirmed in multiple studies on patients with GH 
deficiency, Turner’s syndrome, neonates born small for 
their gestational age, and children with idiopathic short 
stature.5,8,22,23 These studies have demonstrated increased 
responsiveness to recombinant human GH therapy in 
homozygous d3d3 genotype carriers compared to that in 
fld3 or flfl genotype carriers, as indicated by accelerated 
longitudinal bone growth and increased final height. 
However, in contrast some studies on patients with 
acromegaly have reported no effect of this polymorphism 
on adult height.13,24 Furthermore, a review-based study 
analyzed the effect of the GHRd3 polymorphism on 
weight, height, IGF-1 levels, and cardiovascular risk 
factors from 31 published articles in different populations 
and concluded a lack of association between the GHRd3 
polymorphism  and any of these parameters.25

	 Notably, we found a significant relationship between 
the shorter adult phenotype and T2DM in our population. 

The relationship between adult height and T2DM 
remains inconclusive and contradictory. This is further 
exacerbated by the fact that most studies on T2DM have 
focused on BMI rather than height. However, several 
studies have reported findings similar to our observations 
in this study. The first study, published in 1998,  reported 
an association between short stature and T2DM in  a 
population from the Netherlands.26 This observation 
was further supported by multiple studies on different 
populations in the following years.27-29 Furthermore, 
these reports were strengthened by a recently published 
meta-analysis, which concluded that shorter adult height 
is associated with an increased risk of T2DM.20 
	 In this study, we did not observe any association between 
GHRd3 variants and the likelihood of developing T2DM. 
This finding contradicts some previously published 
reports and it should not eliminate the possibility of a 
potential role of GHRd3 in the pathogenesis of T2DM in 
some populations. For instance, a study conducted by 
Strawbridge et al. on a Swedish population concluded 
that GHR d3 allele carriers were less likely to develop 
T2DM.15 Additionally, the GHR d3 allele is associated 
with increased insulin sensitivity, reduced obesity, and 
other metabolic risk factors for T2DM in obese Chinese 
children.30

Limitations: The relatively small sample size was a major 
limitation of this study. Additionally, owing to technical 
limitations, we could not assess the plasma levels of some 

Fig.1: GHRd3 polymorphism and adult height in (A) total study population (n= 284) and (B) male (n=132) and female 
(n=152) populations separately. A: the heights (mean±SD) of individuals for each GHRd3 genotype was; flfl (160.5±7.50 
cm), fld3 (163.1±7.68 cm), and d3d3 (165.6±7.21). B: in males, heights were; 166.2±4.46 cm (flfl), 167.0±6.24 cm (fld3), 
169.9±6.28 cm (d3d3). In females, heights were; flfl;156.5±6.58 cm (flfl), 159.5±7.14 cm (fld3), and 160.7±4.65 cm (d3d3).
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biomarkers, such as IGF-1, to evaluate GHR activity 
in different GHRd3 genotypes. Therefore, additional 
studies with a larger sample size and additional blood or 
serum chemical biomarkers are required to confirm our 
findings.

CONCLUSION

	 This study determined the frequency of several 
GHRd3 genotypes in the general population and in 
patients with T2DM in Saudi Arabia. We found for 
the first time that the GHRd3 polymorphism may 
contribute directly and independently to the final 
adult height in our population from the Jazan region. 
However, this study showed no evidence of a direct 
relationship between the GHRd3 polymorphism and 
T2DM development. Therefore, this polymorphism may 
not be a risk factor for T2DM development.

Source of Funding: This study was funded by the 
Deanship of Scientific Research at Jazan University 
(Research Group Scheme No. RG-2-6).

Acknowledgments: The  authors  are grateful to the 
volunteers who participated in this study. We thank the 
reviewers for their valuable comments.

Conflicts of Interest: None.

REFERENCES
1.	 Donato J Jr., Wasinski F, Furigo IC, Metzger M, Frazao R. Central Regu-

lation of Metabolism by Growth Hormone. Cells 2021;10(1):129. doi: 
10.3390/cells10010129

2.	 Dehkhoda F, Lee CMM, Medina J, Brooks AJ. The Growth Hormone 
Receptor: Mechanism of Receptor Activation, Cell Signaling, and Physi-
ological Aspects. Front Endocrinol (Lausanne) 2018;9:35. doi: 10.3389/
fendo.2018.00035

3.	 Pantel J, Machinis K, Sobrier ML, Duquesnoy P, Goossens M, 
Amselem S. Species-specific alternative splice mimicry at the 
growth hormone receptor locus revealed by the lineage of retro-
elements during primate evolution. J Biol Chem. 2000;275:18664-18669. 
doi: 10.1074/jbc.M001615200

4.	 Saitou M, Resendez S, Pradhan AJ, Wu F, Lie NC, Hall NJ, et al. Sex-specif-
ic phenotypic effects and evolutionary history of an ancient polymorphic 
deletion of the human growth hormone receptor. Sci Adv 2021;7:eabi4476. 
doi: 10.1126/sciadv.abi4476

5.	 Perez Garrido N, Pujana M, Berger M, Ramirez P, Guercio G, Belgorosky 
A, et al. Growth hormone receptor gene polymorphism. Spontaneous 
catch up growth in small for gestational age patients. Medicina (B Aires). 
2021;81:574-580.

6.	 Valsesia A, Chatelain P, Stevens A, Peterkova VA, Belgorosky A, Maghnie 
M, et al. GH deficiency status combined with GH receptor polymorphism 
affects response to GH in children. Eur J Endocrinol. 2015;173:777-789.

7.	 Wei Y, Zheng R, Zhou Y, Wang J, Bao P. Correlation between exon 3 poly-
morphism of growth hormone receptor gene and the responses to rhGH 
therapy. Int J Clin Exp Pathol. 2015;8:7371-7377.

8.	 Toyoshima MT, Castroneves LA, Costalonga EF, Mendonca BB, Arn-
hold IJ, Jorge AA. Exon 3-deleted genotype of growth hormone re-
ceptor (GHRd3) positively influences IGF-1 increase at generation 
test in children with idiopathic short stature. Clin Endocrinol (Oxf). 
2007;67:500-504.

9.	 Schreiner F, Gohlke B, Stutte S, Bartmann P, Woelfle J. Growth hormone 
receptor d3-variant, insulin-like growth factor binding protein-1 -575G/A 
polymorphism and postnatal catch-up growth: association with parame-
ters of glucose homeostasis in former extremely low birth weight preterm 
infants. Growth Horm IGF Res. 2010;20:201-204.

10.	 Andreassen M, Jensen RB, Jorgensen N, Juul A. Association between GH 
receptor polymorphism (exon 3 deletion), serum IGF1, semen quality, and 
reproductive hormone levels in 838 healthy young men. Eur J Endocrinol. 
2014;170:555-563.

11.	 Wagner K, Hemminki K, Grzybowska E, Bermejo JL, Butkiewicz D, Pam-
ula J, et al. Polymorphisms in the growth hormone receptor: a case-control 
study in breast cancer. Int J Cancer. 2006;118:2903-2906.

12.	 Sorensen K, Aksglaede L, Munch-Andersen T, Aachmann-Andersen NJ, 
Leffers H, Helge JW, et al. Impact of the growth hormone receptor exon 
3 deletion gene polymorphism on glucose metabolism, lipids, and insu-
lin-like growth factor-I levels during puberty. J Clin Endocrinol Metab 
2009;94:2966-2969. doi: 10.1210/jc.2009-0313

13.	 Turgut S, Akin F, Ayada C, Topsakal S, Yerlikaya E, Turgut G. The growth 
hormone receptor polymorphism in patients with acromegaly: relation-
ship to BMI and glucose metabolism. Pituitary. 2012;15:374-379. doi: 
10.1007/s11102-011-0329-9

14.	 Park HY, Hwang IR, Seo JB, Kim SW, Seo HA, Lee IK, et al. Associa-
tion between the Growth Hormone Receptor Exon 3 Polymorphism and 
Metabolic Factors in Korean Patients with Acromegaly. Endocrinol Metab 
(Seoul) 2015;30(3).

15.	 Strawbridge RJ, Karvestedt L, Li C, Efendic S, Ostenson CG, Gu HF, et al. 
GHR exon 3 polymorphism: association with type 2 diabetes mellitus and 
metabolic disorder. Growth Horm IGF Res. 2007;17:392-398.

16.	 Al Mansour MA. The Prevalence and Risk Factors of Type 2 Diabetes Mel-
litus (DMT2) in a Semi-Urban Saudi Population. Int J Environ Res Public 
Health. 2019;17(1):7.

17.	 Sandhu MS. Insulin-like growth factor-I and risk of type 2 diabetes and 
coronary heart disease: molecular epidemiology. Endocr Dev 2005;9:44-
54. doi: 10.3390/ijerph17010007

18.	 Zeng Q, Zou D, Zeng Q, Chen X, Wei Y, Guo R. Association Between 
Insulin-like Growth Factor-1 rs35767 Polymorphism and Type 2 Diabetes 
Mellitus Susceptibility: A Meta-Analysis. Front Genet 2021;12:774489. doi: 
10.3389/fgene.2021.774489

19.	 Yun-Kai L, Hui W, Xin-Wei Z, Liang G, Jin-Liang Z. The polymorphism 
of Insulin-like growth factor-I (IGF-I) is related to osteoporosis and 
bone mineral density in postmenopausal population. Pak J Med Sci. 
2014;30:131-135. doi: 10.12669/pjms.301.4264

20.	 Shrestha S, Rasmussen SH, Pottegard A, Angquist LH, Jess T, Allin KH, 
et al. Associations between adult height and type 2 diabetes mellitus: a 
systematic review and meta-analysis of observational studies. J Epidemiol 
Community Health. 2019;73:681-688. doi: 10.1136/jech-2018-211567

21.	 Kaabi YA. Frequency of the exon 3-deleted/full-length growth hormone 
receptor polymorphism in Saudi Arabian population. Saudi Med J. 
2017;38:1090-1095. doi: 10.15537/smj.2017.11.21109

22.	 Dos Santos C, Essioux L, Teinturier C, Tauber M, Goffin V, Bougneres 
P. A common polymorphism of the growth hormone receptor is asso-
ciated with increased responsiveness to growth hormone. Nat Genet. 
2004;36:720-724. doi: 10.1038/ng1379

23.	 Binder G, Baur F, Schweizer R, Ranke MB. The d3-growth hormone (GH) 
receptor polymorphism is associated with increased responsiveness to 
GH in Turner syndrome and short small-for-gestational-age children. J 
Clin Endocrinol Metab. 2006;91:659-664. doi: 10.1210/jc.2005-1581

24.	 Montefusco L, Filopanti M, Ronchi CL, Olgiati L, La-Porta C, Losa M, et 
al. d3-Growth hormone receptor polymorphism in acromegaly: effects 
on metabolic phenotype. Clin Endocrinol (Oxf) .2010;72:661-667. doi: 
10.1111/j.1365-2265.2009.03703.x

25.	 Martins CS, Fernandes-Rosa FL, Espineira AR, De Souza RM, De Castro 
M, Barbieri MA, et al. The growth hormone receptor exon 3 polymorphism 
is not associated with height or metabolic traits in healthy young adults. 
Growth Horm IGF Res. 2014;24:123-129. doi: 10.1016/j.ghir.2014.04.005

26.	 Han TS, Feskens EJ, Lean ME, Seidell JC. Associations of body composi-
tion with type 2 diabetes mellitus. Diabet Med. 1998;15:129-135.

27.	 Asao K, Kao WH, Baptiste-Roberts K, Bandeen-Roche K, Erlinger TP, 
Brancati FL. Short stature and the risk of adiposity, insulin resistance, 
and type 2 diabetes in middle age: the Third National Health and Nu-
trition Examination Survey (NHANES III), 1988-1994. Diabetes Care. 
2006;29:1632-1637.

28.	 Liu J, Tan H, Jeynes B. Is femur length the key height component in risk 
prediction of type 2 diabetes among adults? Diabetes Care. 2009;32:739-
740.

29.	 Vangipurapu J, Stancakova A, Jauhiainen R, Kuusisto J, Laakso M. Short 
Adult Stature Predicts Impaired beta-Cell Function, Insulin Resistance, 
Glycemia, and Type 2 Diabetes in Finnish Men. J Clin Endocrinol Metab. 
2017;102:443-450.

30.	 Gao L, Zheng Z, Cao L, Shen S, Yang Y, Zhao Z, et al. The growth hor-
mone receptor (GHR) exon 3 polymorphism and its correlation with meta-
bolic profiles in obese Chinese children. Pediatr Diabetes. 2011;12:429-434. 
doi: 10.1111/j.1399-5448.2010.00747.x

Authors Contribution:

YAK: Designed and did statistical analysis, editing and 
reviewing of the manuscript, and he is responsible for 
integrity of research.
RGH, AYM & RAAS: Did blood samples and data 
collection and drafted the manuscript.


	_ENREF_2
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_GoBack
	_Hlk148348923
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk122695659
	_GoBack
	_Hlk117421674
	_GoBack
	_Hlk147448621
	_Hlk146363716
	tableLink
	_Hlk130998638
	_Hlk100996211
	_Hlk148350616
	_Hlk148352832
	_Hlk145684369
	_Hlk145686088
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_Hlk73008735
	_GoBack
	_Hlk123527293
	calculate
	_Hlk125334576
	_Hlk125340976
	_Hlk123527413
	_Hlk125343211
	_Hlk125343231
	_Hlk125341124
	_Hlk125343248
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK14
	OLE_LINK15
	OLE_LINK18
	OLE_LINK19
	OLE_LINK8
	OLE_LINK9
	OLE_LINK7
	OLE_LINK6
	OLE_LINK1
	OLE_LINK2
	OLE_LINK5
	_GoBack
	OLE_LINK10
	OLE_LINK11
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_Hlk125981734
	_GoBack
	_GoBack
	_Hlk130562381
	_Hlk135812982
	OLE_LINK13
	OLE_LINK36
	OLE_LINK34
	OLE_LINK32
	OLE_LINK33
	OLE_LINK35
	OLE_LINK38
	OLE_LINK40
	OLE_LINK41
	OLE_LINK46
	OLE_LINK52
	OLE_LINK49
	OLE_LINK44
	OLE_LINK8
	OLE_LINK43
	OLE_LINK16
	OLE_LINK48
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk148688517
	_Hlk147733196
	_Hlk83997215
	_Hlk84190685
	_Hlk84193020
	_Hlk84193286
	_Hlk148095675
	_Hlk134012812
	_Hlk133696509
	_Hlk134045546
	_Hlk147844190
	_Hlk147845741
	_Hlk147849964
	_GoBack
	_Hlk107251535
	_3dy6vkm
	_30j0zll

