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Abstract

Background
As one of the most common features of obesity, insulin resistance is central to the pathogenesis of the
metabolic syndrome. Low insulin-like growth factor 1(IGF-1) levels have been proven to be associated
with many traditional cardiovascular risk factors, but it still remains controversy with the relationship
between IGF-1 and insulin resistance. Accordingly, the main purpose of this study is to investigate the
relationship between IGF-1 and insulin resistance in obese prepubertal boys.

Methods
We used whole body insulin sensitivity index (WBISI) to represent insulin resistance. 70 obese prepubertal
boys were included in this study, and the obese subjects were divided into two groups by using 1.285 as a
threshold value for WBISI. Clinical examination and laboratory examinations were assessed for all
participants.

Results
Among obese boys, the group of children with WBISI ≤ 1.285 had lower IGF-1 standard deviation scores
(SDS) (p = 0.021) than WBISI > 1.285 group. The results of multivariate stepwise regression analysis
show that WBISI was positively correlated with IGF-1 SDS (β = 1.726, p = 0.002) after adjusting for
traditional cardiovascular risk factors.

Conclusion
IGF-1 SDS was negatively associated with insulin resistance in obese prepubertal boys, independent of
other traditional cardiovascular disease risk markers.

Background
Childhood obesity has become major health problems all over the world. It is not only an independent
chronic metabolic disease, but also an important risk factor for chronic diseases such as hypertension,
hyperlipidemia, type 2 diabetes and metabolic syndrome in children[1]. As the most common feature of
childhood obesity, insulin resistance is critical to the pathogenesis of the metabolic syndrome. Several
quantitative tools have been used to assess insulin sensitivity and insulin resistance, but there is still not
consensus of standards in the pediatric population. Although hyperinsulinemic–euglycemic clamp and
the frequently sampled intravenous glucose tolerance test were described as gold standard methods for
assessing insulin resistance, it is impractical to be widely used in pediatric population due to its
expensive and multiple blood drawn. Homeostatic model assessment index of insulin resistance (HOMA-
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IR), a simpler, less invasive method, has been widely used in children and adolescents, however, Shaibi et
al[2] showed that fasting indices is not recommended when studying the effect of interventions on insulin
sensitivity in overweight youth. The whole body insulin sensitivity index (WBISI) derived from an oral
glucose tolerance test (OGTT) provides reasonable estimates of insulin sensitivity and insulin resistance,
and has been validated as good surrogate measures of insulin resistance in obese children and
adolescents[3, 4].

Insulin-like growth factor-1 (IGF-1) is primarily produced in the liver upon stimulation by growth hormone
(GH), and it plays key roles in regulating proliferation, differentiation, metabolism and cell survival[5].
There were lots of accumulating evidences that obese children and experimental animals were often
accompanied with low IGF-1 levels[6, 7]. Moreover, low IGF-1 levels were independently associated with
cardiovascular risk factors such as nonalcoholic fatty liver disease[8], low high-density lipoprotein
cholesterol[6] and metabolic syndrome[6] in obese children. Nonetheless, it still remains controversy with
the relationship between IGF-1 and insulin resistance. Some research showed low circulating IGF-1 level
was independently associated with hyperglycemia and insulin resistance in adults[9–11]. However, U-
shaped curve[12] or no signi�cant correlation[6] was noted between IGF-1 levels and HOMA-IR in other
studies. Furthermore, most previous studies used adults as main samples, and also most of them just
used HOMA-IR to represent insulin resistance. To best of our knowledge, no study have ever used WBISI
to represent insulin resistance to assess the relationship between IGF-1 and insulin resistance in children.
To this end, this study aimed to investigate the association between IGF-1 and WBISI in obese prepubertal
boys.

Materials And Methods
Subjects

We recruited 70 obese prepubertal boys (age 7–12 year) who had been referred to the Department of
Pediatrics, The Second Hospital, Cheeloo College of Medicine, Shandong University. All subjects were
obese (Body mass index (BMI) 95th percentile for the age and sex), but otherwise healthy. Exclusion
criteria included (1) any syndrome or disease that could in�uence dietary intake and endocrine disorders;
(2) type 1 or 2 diabetes mellitus; (3) serious infection, systemic disease and other chronic wasting
illnesses; (4) short stature or the growth velocity is less than 5 cm/year; (5) the use of medication that
would in�uence body composition, GH secretion or blood pressure, glucose or lipid metabolism.

Taking WBISI as the main variable, obese children were classi�ed according to the median WBISI values
to �nd the center value for this population of obese children. Thus, the obese children were divided into
two groups: obese children with a WBISI ≤ median value and obese children with a WBISI > median
value.

The Ethics Committee of The Second Hospital, Cheeloo College of Medicine, Shandong University
approved the study. Written informed consent was obtained from all parents and subjects.
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Anthropometric measurements

Body weight was determined to the nearest 0.1 kg on a standard electronic scale and height was
measured with standard height stadiometer to the nearest 0.1 cm. BMI

was determined as weight/height2 and expressed as kg/m2. Body mass index standard

deviation score (BMI-SDS) were calculated based on the age and sex reference values for Chinese
children[13]. Pubertal stage according to Tanner criteria[14]. Blood pressure was measured with Audio
Intelligent Electronic Sphygmomanometer (HEM-7071, OMRON, China) after a 30-min rest, in a supine
position. Two measurements were made, and record the average of two measurements of systolic blood
pressure (SBP) and diastolic blood pressure (DBP).

Laboratory measurements

Fasting blood samples were collected from subjects after a 12-h overnight fast for measurement of
endocrine indexes, glucose, lipids levels and other metabolic factors. OGTT was performed. Plasma
glucose and insulin values were assessed at time 0, and 30, 60, 90 and 120 minutes after the
consumption of an oral glucose solution (1.75g/kg, maximum of 75 g). Free triiodothyronine (FT3), free
thyroxine(FT4), thyroid-stimulating hormone (TSH), adrenal corticotropic hormone (ACTH), cortisol (COR)
and IGF-1 were measured using chemiluminescence assay (Siemens Healthcare Diagnostics, USA). IGF-1
levels were transformed into IGF-1 SDS based on the age-gender related normative references[15].Total
cholesterol(TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein-cholesterol(LDL-C),
triglycerides(TG), fasting plasma glucose (FPG) and uric acid were detected by using an Auto
Biochemical Analyzer (AU5400, Beckman Coulter, Tokyo, Japan). Fasting insulin was measured with
chemiluminescent immunometric assays (CobasE170, Roche Diagnostics, Mannheim, Germany). Plasma
glycosylated haemoglobin (HbA1c) was measured using high performance liquid chromatography
(Tosoh Corporation, Tokyo, Japan).Insulin resistance was estimated using WBISI. WBISI =10,000/square
root of [fasting glucose×fasting insulin{μU/mL}]×[mean glucose{mg/dL}×mean insulin during
OGTT{μU/mL}] [16].

Statistical analysis

We used the Statistical Package for Social Sciences, version 20.0 (SPSS Inc. Chicago, USA) to analyze
our data. The data were expressed as the mean (±SD) of normally distributed or median (interquartile
range) of skewed data. Data that were not normally distributed were transformed logarithmically for
analysis. Differences in continuous variables between two groups were assessed by Student’s t-test for
normally distributed data, variables which cannot be transformed to normal distribution were analyzed by
the Mann-Whitney U test. A stepwise multiple linear regression analysis was performed to test the
associations of IGF-1 SDS (the dependent variable) with independent variables including WBISI, BMI SDS
and the other metabolic risk factors (blood pressure, TG, HDL-C, LDL-C, FBG and uric acid) to determine
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whether the association between IGF-1 SDS and insulin resistance was independent of obesity or other
metabolic markers. A p value of <0.05 was considered statistically signi�cant.

Results
The median WBISI value for the population studied was 1.285. The data of the children with WBISI ≤ 
1.285 (35 children) were compared with the data of the children with WBISI > 1.285 (35 children).

The characteristics of the anthropometric and clinical features were shown in Table 1. No signi�cant
differences were found in age. BMI SDS was similar in the two groups. Blood pressure values were the
same in both groups.

Table 1
Clinical characteristics in the two groups according to WBISI levels

Variable WBISI ≤ 1.285 (n = 35) WBISI > 1.285 (n = 35) p value

Age (yr) 9.95 ± 110 9.99 ± 1.30 0.902

BMI SDS 3.35 ± 0.91 3.12 ± 0.16 0.298

SBP (mmHg) 125.57 ± 15.49 125.40 ± 13.57 0.961

DBP (mmHg) 81.54 ± 11.74 78.14 ± 12.03 0.236

* p 0.05

Abbreviations: BMI SDS, Body mass index standard deviation scores; SBP, Systolic blood pressure;
DBP, Diastolic blood pressure.

In obese children, pituitary-thyroid axis, pituitary-adrenal axis, and IGF-1 have been performed. Endocrine
factors �ndings of the obese children were strati�ed according to WBISI, which were shown in Table 2.
Notably, the group of children with WBISI ≤ 1.285 had lower IGF-1 SDS (p = 0.021). No signi�cant
differences were seen in the levels of FT3, FT4, TSH, ACTH and COR in the two groups.
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Table 2
Endocrine factors in the two groups according to WBISI levels

Variable WBISI ≤ 1.285 (n = 35) WBISI > 1.285 (n = 35) p value

IGF-1SDS -1.08 ± 1.78 -0.22 ± 1.25 0.021*

FT3 (pmmol/L) 6.37 ± 0.96 6.07 ± 0.72 0.151

FT4 (pmmol/L) 16.20(14.67–17.34) 14.69(12.24–16.72) 0.068

TSH (µU/mL) 2.94(1.87–3.42) 3.79(2.02–5.40) 0.076#

ACTH (mmol/L) 31.85(17.47–49.24) 22.80(16.46–39.29) 0.144#

COR(pg/mL) 330.00(264.30–534.00) 360.00(241.00-453.00) 0.539

# Mann-Whitney U test * p 0.05

Abbreviations: IGF-1 SDS, Insulin-like growth factor 1standard deviation scores; FT3, Free
triiodothyronine; FT4, Free thyroxine, TSH, Thyroid-stimulating hormone; ACTH, Adrenal corticotropic
hormone; COR, Cortisol

Table 3 shows that the levels of cardiovascular metabolic risk factors of the obese children strati�ed
according to WBISI. No signi�cant differences were seen in the levels of TC, HDL-C, LDL-C, TG and uric
acid between the two groups. In addition, there were no signi�cant differences in FBG and HbA1c.
Whereas higher insulin levels (p < 0.001) were observed in the subjects with WBISI ≤ 1.285 than in
children with WBISI > 1.285.

Table 3
Cardiovascular metabolic risk factors according to WBISI levels in obese children

Variable WBISI ≤ 1.285 (n = 35) WBISI > 1.285 (n = 35) p value

TC (mmol/L) 4.31(3.77–4.68) 4.16(3.56–4.67) 0.156

HDL-C (mmol/L) 1.11 ± 0.21 1.12 ± 0.24 0.850

LDL-C (mmol/L) 2.64(2.26–2.99) 2.51(16.46–39.29) 0.162

TG (mmol/L) 1.39(0.89–2.22) 1.30(0.85–1.75) 0.557

Uric acid (µmol/L) 422.49 ± 102.33 404.78 ± 131.30 0.531

Insulin (µIU/mL) 52.17(39.20–60.70) 17.40(14.10-26.36) p 0.001*

FBG (mmol/L) 5.24 ± 0.67 4.99 ± 0.47 0.078

HbA1c (%) 5.90(5.70–6.30) 5.80(5.50-6.00) 0.473#

# Mann-Whitney U test * p 0.05

Abbreviations: TC, Total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL-C, Low density
lipoprotein cholesterol; TG, Triglycerides; FBG, Fasting blood glucose; HbA1C, Glycosylated hemoglob
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According to the results of the multivariate stepwise regression analysis, lg WBISI was positively
correlated with IGF-1 SDS (β = 1.726, p = 0.002). And the results of multiple regression analysis showed
that lg WBISI was the only variable that explained the IGF-1 SDS after adjusting for BMI SDS, SBP, DBP,
HDL-C, TG, LDL-C, FBG and uric acid.

Discussion
Our study found that reduced IGF-1 were present in obese prepubertal boys with lower values of WBISI,
which is a surrogate marker of insulin resistance. Furthermore, we provided evidences that IGF-1 SDS was
signi�cantly correlated with WBISI after controlling for BMI SDS, blood pressure and other metabolic risk
factors.

In the study, we con�rmed a signi�cant association between low levels of IGF-1 and insulin resistance in
obese prepubertal boys. Moreover, the results of multiple regression analysis showed that insulin
resistance was the only variable that explained the IGF-1 SDS after adjusting for other traditional
cardiovascular disease risk markers. Based on the results, we can infer that the correlation between IGF-1
and traditional cardiovascular disease may be mediated by insulin resistance, thus it represents a
possible direction for a forthcoming research and therapeutic approach.

There is still not very clear about the precise underlying mechanisms of the correlation between IGF-1 and
insulin resistance. The possible reasons of this correlation may be related to the following factors. Insulin
and IGF-1 share structural homology, interact with the same membrane receptors with different a�nities
to mediate a wide range of metabolic and growth-promoting functions. Studies have shown that insulin
was likely to decrease IGF-1 through differential modulation of IGF binding proteins[17]. This may be one
mechanism for the link of IGF-1and insulin resistance. Another possible explanations for the association
between IGF-1 and insulin resistance are driven by chronic in�ammatory. Low levels of IGF-1 in the
C3H.6T mice [18]and in the liver-speci�c IGF-1 knockout mouse [19]were associated with enhanced
in�ammatory phenotype. On the contrary, elevated IGF-1 levels could attenuate the anti-in�ammatory
effects and the lowered oxidative stress[19–21]. Meanwhile, in�ammatory factors and chronic
in�ammatory responses play an important role in the occurrence and development of insulin
resistance[22].

In addition, macrophages may also be involved in the complex process of interaction between IGF-1 and
insulin. Insulin has been considered be pro-in�ammatory in macrophages[23] and has been reported to
promote foam cell formation[24]. By contrast, recent research showed that IGF-1 might have a
fundamental role in macrophage activation[25, 26] and had the anti-in�ammatory26 and antifoam cell
formation[27] effects. Further studies are necessary to clarify speci�c mechanisms and effects of IGF-1
and insulin on macrophages.

This study also has several potential limitations. Firstly, we have not applied hyperinsulinemic–
euglycemic clamp which is considered to be the gold standard for assessing insulin resistance. However,
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the clamp technique is invasive, expensive and not suitable for child clinical practice. Secondly, it is a
cross-sectional study, so the causal relationship between IGF-1 and insulin resistance cannot be clari�ed.
Lastly, our sample was limited to Chinese obese prepubertal boys, but gender and pubertal developmental
stage restriction can also reduce confounding factors. In spite of these limitations, to best of our
knowledge, this study is one of the �rst attempt to report the association between IGF-1 and WBISI in
obese children, thus it should have some implications for clinical practice. Our data suggested that the
assessment of IGF-1, perform OGTT experiments and calculate WBISI might provide useful clinical
information on the severity and complications of obesity in children.

In conclusion, we have found a strong correlated relationship between low IGF-1 and insulin resistance in
obese prepubertal boys independently of other risk factors. The role of IGF-1 needs further examination
whether it is a potential therapeutic target in obese patients of increased cardiometabolic risk or only an
indicator of metabolic disorders. And further studies are needed to determine the characterize of the
pathophysiology of the association between IGF-1 and insulin resistance in obese children and obesity-
related complications.
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