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Purpose: Free insulin-like growth factor-1 (IGF-1) ratio (the ratio of IGF-1/insulin-like growth 

factor binding protein-3 [IGFBP-3]) was shown to be negatively correlated with metabolic 

syndrome (MetS) in adults, but it was unknown in Chinese adolescents.

Patients and methods: The cross-sectional study enrolled 701 healthy school students (aged 

12–16 years, 46.1% females) and 93 of them (18–22 years old, 46.2% females) were followed 

after 5 years.

Results: In the cross-sectional study, the IGF-1/IGFBP-3 ratios were found correlated with 

low-density lipoprotein cholesterol (LDL-C; r= -0.071, P<0.05) and diastolic blood pressure (r= 

-0.077, P=0.034). A lower IGF-1/IGFBP-3 ratio was an independent risk factor for MetS (OR 

=2.348, 95% CI: 1.040–5.303), hypertension (OR=1.729, 95% CI: 1.040–5.303), and increased 

LDL-C (OR=1.841, 95% CI: 1.230–2.755). In the follow-up study, all the participants were >18 

years old. We found a lower baseline ratio of IGF-1/IGFBP-3 in adolescence was an independent 

risk factor for MetS in adulthood (OR=10.724, 95% CI: 1.032–11.403) and also indicated a 

higher body mass index (β=-1.361, 95% CI: -2.513 to -0.208) after 5 years.

Conclusion: The lower IGF-1/IGFBP-3 ratio was an independent risk factor for MetS, hyper-

tension, and high LDL-C in adolescents of northeast China and was also a predictive marker 

for MetS and increased body mass index in the adulthood.
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Introduction
In recent years, along with China’s economic development and improvements in living 

standards, the incidence of metabolic syndrome (MetS) has increased not only in adults 

but also in adolescents.1,2 However, the adolescent population who are in the growth and 

development period must be different from adults in terms of metabolic characteristics.3 

Identification of serum-specific markers that are closely related to adolescent MetS 

is significant in the prevention of MetS disease and determination of pathogenesis. 

Insulin-like growth factor-1 (IGF-1) is a polypeptide hormone possessing structural and 

functional homology with proinsulin and is widely involved in inflammation, glucose 

and lipid metabolism.4 Ninety-nine percent of circulating IGF-1 exists in the form that 

binds to insulin-like growth factor binding proteins (IGFBPs), of which at least 75% of 

IGF-1 constitutes a stable trimer structure with insulin-like growth factor binding pro-

tein-3 (IGFBP-3) and an acid-labile subunit to extend the half-life of IGF-1 and regulate 

transport of IGF-1 between intravascular and extravascular spaces.5–8 It is widely accepted 

that the IGF-I/IGFBP-3 ratio can be used as a marker for the accurate assessment of free 
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IGF-1 levels.9 Studies in adults have found that free IGF-1 levels 

are negatively correlated with MetS;10 however, a correlation 

between free IGF-1 levels in the adolescent population and 

MetS has not yet been reported.11 In this study, adolescents 

aged 12–16 years in Liaoyang, a city in northeast China, were 

selected and observed for 5 years to analyze the correlations 

between adolescent levels of IGF-1, MetS, and its components 

as well as other cardiovascular disease risk factors. This will 

contribute not only to a deeper understanding of the pathophysi-

ological function of IGF-1/IGFBP-3 but also to knowledge on 

serum-specific markers of MetS in adolescents, thereby provid-

ing data to establish control strategies for the disease.

Materials and methods
Study population
From December 2010 to January 2011, junior and senior 

high school students in Liaoyang, a city with a medium-sized 

economic development level in northeast China, were selected 

using the stratified cluster sampling method. Questionnaires 

were assigned to 947 students with informed consent signed 

by their guardian. In addition, fasting blood samples were col-

lected and the levels of IGF-1, IGFBP-3, fasting plasma glucose 

(FPG), fasting insulin (FINS), low-density lipoprotein choles-

terol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 

triglyceride (TG), and serum uric acid were determined. In total, 

701 students (12–16 years old, 46.1% females) with complete 

data were included in the statistical analysis. These subjects 

had no history of anemia, diabetes, and hypertension or drug 

therapy. This study was conducted in accordance with the Dec-

laration of Helsinki and was approved by the Medical Ethics 

Committee of Shengjing Hospital, China Medical University.

Height, weight, waist circumference (WC), hip circumfer-

ence, and blood pressure (systolic blood pressure [SBP] and 

diastolic blood pressure [DBP]) were measured by a trained 

physician before blood sample collection. The subjects then 

sat quietly for more than 10 minutes, and blood pressure was 

measured twice in the sitting position using a desktop mer-

cury sphygmomanometer with a 2-minute interval between 

measurements. The average systolic and DBP was recorded. 

All subjects fasted for≥10 hours at night and fasting venous 

blood was obtained at 07:00–09:00 the next morning. All 

blood samples were immediately transported to the labora-

tory in Liaoyang Diabetes Hospital and centrifuged (within 

1 hour). FPG (Glucose Oxidase method, Olympus 400; 

Olympus Optical Company, Tokyo, Japan) was determined 

within 2 hours after centrifugation. Serum LDL-C, HDL-C, 

TG, and uric acid were determined by routine enzymatic 

methods. Some of the plasma was stored at -80°C and 

FINS was measured by radioimmunoassay (China Institute 

of Atomic Energy, Beijing, P.R. China). Serum total IGF-1 

and IGFBP-3 were measured by enzyme-linked immunosor-

bent assay. Body mass index (BMI) was calculated by body 

weight/height2 (kg/m2). Steady-state model homeostasis 

model assessment of insulin resistance (HOMA-IR) was 

calculated using the following formula: HOMA-IR= fasting 

blood glucose (mmol/L) × FINS (μU/mL) /22.5.

The subjects were followed-up 5 years later (July 2016). 

As most of the students went to universities in various cit-

ies, only 93 subjects (18–22 years old, 46.2% females) were 

recruited in the follow-up. Methods of investigation and 

personnel, as well as the clinical and biochemical parameters 

measured, were the same as in the baseline study. None of the 

93 subjects had new chronic diseases or long-term medication 

use during the previous 5 years.

Diagnostic criteria and definition
Metabolic syndrome for adolescents
MetS was defined according to 2007 guidelines provided by 

International Diabetes Federation (IDF).12 These guidelines 

state that for an adolescent to be diagnosed as MetS, the indi-

vidual must have central obesity as defined by ethnic-, gender-, 

and age-specific values (≥90th percentile, criteria proposed 

by the Capital Institute of Pediatrics),13 plus any two of the 

following four components: hypertriglyceridemia (TG ≥1.7 

mmol/L), low HDL-C (<1.03 mmol/L for individuals 10–15 

years of age and boys ≥16 years of age or <1.29 mmol/L for 

girls ≥16 years of age), hypertension (SBP ≥130 or DBP ≥85 

mmHg), and fasting hyperglycemia (FPG ≥5.6 mmol/L).

Metabolic syndrome for adults
After the 5-year follow-up, the 93 subjects were all >18 

years old. The IDF definition of MetS in adult was applied 

to this cohort14 as follows. The IDF defines MetS as having 

an increased WC, with ethnic-specific WC cut points (for our 

study population, the IDF indicates the cut points for South-

Asian populations, which are ≥90 cm in men and ≥80 cm in 

women), plus any two of the following: 1) TG >150 mg/dL or 

specific treatment for this lipid abnormality; 2) HDL-C <40 

mg/dL in men, <50 mg/dL in women, or specific treatment 

for this lipid abnormality; 3) SBP ≥130 mmHg, DBP ≥85 

mmHg, or treatment for previously diagnosed hypertension; 

4) FPG ≥100 mg/dL, or previously diagnosed type 2 diabetes.

Overweight/Obesity
We adopted the age- and gender-specific criteria for obesity 

and overweight proposed by the Group of China Obesity 
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Task Force15 in which obesity and overweight were defined 

as BMI ≥95th and ≥85th percentiles, respectively.

high lDl-c hyperlipidemia
There were no diagnostic criteria for high LDL-C developed 

for children and adolescents in China yet. In this study, we 

defined LDL-C ≥95th percentile as high LDL-C.

Statistical analysis
All analyses were carried out using the statistical program 

SPSS for Windows (version 22.0; SPSS, Inc., Chicago, IL, 

USA). A normal distribution was evaluated with the Kol-

mogorov–Smirnov test. Nonnormally distributed variables 

were ln-transformed to normality before analysis. Normally 

distributed continuous variables are presented as mean ± 

standard error and nonnormally distributed variables as the 

median (interquartile range). Categorical data are shown as 

numbers (percentage) and were analyzed using a chi-square 

test. The between-group differences in means were tested 

using Kruskal–Wallis H test or ANOVA. Comparisons were 

conducted after adjusting for confounding factors using 

one-way generalized linear models. Correlations of IGF-1/

IGFBP-3 levels with MetS and other cardiovascular disease 

(CVD)-related risk factors were evaluated after adjusting for 

confounding factors with partial correlation analysis. Logistic 

multivariate regression analysis was used to assess associa-

tions of IGF-1/IGFBP-3 levels with MetS and risk factors of 

CVD. The linear regression analysis was used to analyze the 

relationship between different IGF-1/IGFBP-3 levels and the 

BMI levels after 5 years. P<0.05 was considered significant 

for each of these analyses.

Results
The cross-sectional study
All the subjects in this study were of Han national-

ity. The IGF-1 (495.39±17.42 ng/mL) and IGFBP-3 

(6,489.94±334.37 ng/mL) levels were well correlated 

(r=0.449, P<0.01). The ratios of IGF-1/IGFBP-3 in men 

and women were 0.147 (95% CI: 0.127–0.168) and 0.156 

(95% CI: 0.133–0.178), respectively, without significant 

difference (Figure 1). The baseline men had a higher level 

of SBP than the women (Table 1). As shown in Table 2, the 

subjects were divided into three groups according to the 

tertile range values of IGF-1/IGFBP-3 ratios from low to 

high (group T1, T2, and T3 with age 12–16 years in each 

group), the IGF-1/IGFBP-3 ratio being highest in group T3. 

Table 2 shows that the adolescents in group T3 were older 

than the other two groups. After adjusting for sex and age, 

the levels of LDL-C decreased significantly (P<0.05) with 

increased IGF-1/IGFBP-3 ratios. The FPG level was lowest 

in group T3 (P<0.05).

Partial correlation analysis, after age and sex were 

adjusted, showed that IGF-1/IGFBP-3 ratios were signifi-

cantly negatively correlated with LDL-C and DBP (the cor-

relation coefficient r was -0.071 and -0.077, respectively, 

all P<0.05; Table 3).

Logistic regression analysis was performed with group 

T3 with highest IGF-1/IGFBP-3 ratio as the reference (Table 

4). The risk of MetS clearly increased with a decrease in 

IGF-1/IGFBP-3 ratios (P<0.05). This higher risk still existed 

statistically after all other factors such as age, sex, family 

history, high-sensitivity C-reactive protein (hs-CRP), ala-

nine transaminase, and adiponectin were corrected, and the 
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Figure 1 Serum igF-1/igFBP-3 levels in men (A) and women (B).
Abbreviations: (n), number of people; igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3.
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risk of MetS in the lowest IGF-1/IGFBP-3 group was 2.348 

times that in the reference group (95% CI: 1.040–5.303). 

Of all the MetS components, hypertension was most closely 

related to the decrease in IGF-1/IGFBP-3 ratios, and the 

risk of hypertension in the lowest IGF-1/IGFBP-3 group 

was 1.729 times (95% CI: 1.040–5.303) that in the refer-

ence group. For cardiovascular disease risk factors other 

than MetS components, we analyzed the associations of 

different IGF-1/IGFBP-3 ratios with LDL-C elevation and 

overweight/obesity, and found that the reduction of IGF-1/

IGFBP-3 ratios was closely associated with increased LDL-C 

levels (odds ratio [OR]=1.841, 95% CI: 1.230–2.755), but 

not overweight/obesity.

The follow-up study
There were no significant differences in basic clinical char-

acteristics and baseline serum biochemical markers between 

the subjects who participated in the follow-up (n=93) and 

the subjects who did not participate in the follow-up survey 

(n=701; Table S1), suggesting that the follow-up subjects 

were representative of the overall baseline population. WC, 

SBP, and HDL-C were significantly higher in the follow-up 

Table 1 clinical characteristics of the subjects in baseline study and the follow-up study

 Baseline Follow-up

 Men Women Men Women

age (years) 13.98±1.45 14.05±1.31 19.98±1.44 20.04±1.30
Wc (cm) 73.45±1.41 70.61±1.44 85.78±1.42 78.00±1.41
BMi (kg/m2) 22.52±0.57 21.59±0.53 23.31±0.52 22.18±0.62
SBP (mmhg) 122.16±1.55 116.91±1.68 122.09±1.65 112.69±1.76
DBP (mmhg) 71.68±0.71 73.72±1.56 80.56±1.16 77.20±1.34
Tg (mmol/l) 0.92 (0.65,1.27) 0.96 (0.78,1.33) 1.13 (0.78,1.60) 0.94 (0.70,1.28)
hDl-c (mmol/l) 1.01±0.04 1.09±0.03 0.94±0.02 1.08±0.03
FPg (mmol/l) 4.83±0.09 4.73±0.07 4.14±0.09 4.21±0.05
hOMa-ir 3.68 (2.48,5.22) 3.88 (2.89,5.20) 0.60 (0.49,0.72) 0.56 (0.43,0.72)
MetS (%) 7.5 2.2 6.5 4.3

Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein cholesterol; hOMa-ir, homeostasis 
model assessment of insulin resistance; MetS, metabolic syndrome; SBP, systolic blood pressure; Tg, triglyceride; Wc, waist circumference; Whr, waist to hip ratio.

Table 2 clinical characteristics of the subjects in the groups with different levels of igF-1/igFBP-3

Tertiles of IGF-1/IGFBP-3 ratio levels

 T1 (n=236) T2 (n=235) T3 (n=236) P-value Padj

igF-1/igFBP-3 0.03 (0.01,0.04) 0.09 (0.07,0.11) 0.22 (0.17,0.37) <0.001 –
age (years) 13.67±0.09 13.23±0.08 14.06±0.09 <0.001 –
Sex (M, %) 132 (55.9) 123 (52.3) 123 (52.1) 0.698 –
Wc (cm) 76.34±0.63 75.79±0.67 76.56±0.64 0.693 –
Whr 0.81±0.00 0.816±0.00 0.809±0.00 0.410 0.586
BMi (kg/m2) 21.74±0.28 21.31±0.27 21.47±0.24 0.536 0.604
SBP (mmhg) 118.73±0.94 116.03±0.95 117.79±0.87 0.111 0.258
DBP (mmhg) 73.86±0.71 72.49±0.77 72.53±0.68 0.316 0.263
Tg (mmol/l) 0.95 (0.70,1.26) 1.05 (0.70,1.45) 0.83 (0.60, 1.21) 0.000 0.484
hDl-c (mmol/l) 1.10 (0.89,1.30) 1.11 (0.84,1.28) 1.07 (0.90, 1.26) 0.797 0.401
lDl-c (mmol/l) 3.36 (3.26,3.51) 3.30 (3.25,3.50) 3.29 (3.25, 3.41) 0.032 0.047
FPg (mmol/l) 4.74±0.05 4.89±0.033 4.67±0.03 0.001 0.026
Uric acid (mmol/l) 316.54±6.11 305.09±5.68 306.03±5.71 0.306 0.387
FinS (µiU/ml) 18.00 (13.15,25.62) 18.00 (13.50,24.00) 18.00 (13.00,23.75) 0.838 0.897
hOMa-ir 3.74 (2.72,5.44) 3.82 (2.86,5.22) 3.76 (2.62,4.89) 0.518 0.893

Notes: T1, tertile 1; T2, tertile 2; T3, tertile 3. P indicates significance and Padj after adjusting for sex and age.
Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FinS, fasting plasma insulin; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein cholesterol; 
hOMa-ir, homeostasis model assessment of insulin resistance; igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3; lDl-c, low-density 
lipoprotein cholesterol; SBP, systolic blood pressure; Tg, triglyceride; Wc, waist circumference; Whr, waist to hip ratio.
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men than in women (Table 1). Adult MetS diagnostic criteria 

were used in these subjects, which was completely different 

from the MetS diagnostic criteria for adolescents used 5 

years previously.

It was observed that BMI levels in the three groups sta-

tistically decreased with increased IGF-1/IGFBP-3 ratios 

(Table 5). Correlation analysis showed that the baseline 

IGF-1/IGFBP-3 ratios in adolescents were not correlated 

with any cardiovascular risk factors after 5 years in adult-

hood (all P>0.05; Table S2). Logistic multivariate regression 

analysis showed that the risk of MetS in the baseline lowest 

IGF-1/IGFBP-3 group was 10.724 times (OR =10.724, CI: 

1.032–11.403) that in the baseline highest IGF-1/IGFBP-3 

group after 5 years, and there were no statistically significant 

differences between the three groups in terms of any single 

MetS component (Table 6). We used BMI after 5 years as the 

dependent variable and the three IGF-1/IGFBP-3 ratio groups 

as the independent variables in the linear regression analysis 

and found that a lower ratio of IGF-1/IGFBP-3 in adolescence 

indicated a significantly higher BMI in adulthood (β=-1.361, 

95% CI: -2.513 to -0.208, P=0.021).

Discussion
Both the cross-sectional and the longitudinal data in the 

present study showed that IGF-1/IGFBP-3 ratios in Han 

adolescents in Liaoyang China were independently associated 

with the risk of MetS, and lower baseline IGF-1/IGFBP-3 

ratios predicted a significantly higher risk of MetS when the 

subjects became adults 5 years later. We also found that the 

ratios of IGF-1/IGFBP-3 were negatively correlated with 

DBP and LDL-C, although this correlation was not observed 

5 years later. In addition, a negative association between the 

Table 3 Partial correlation between igF-1/igFBP-3 ratio level 
and cVD risk factors

Variables r P-value

Wc (cm) -0.011 0.777
Whr 0.019 0.613
BMi (kg/m2) -0.060 0.118
SBP (mmhg) -0.062 0.103
DBP (mmhg) -0.077 0.044
Tg (mmol/l) 0.031 0.468
hDl-c (mmol/l) -0.032 0.404
lDl-c (mmol/l) -0.071 0.034
FPg (mmol/l) -0.040 0.097
Uric acid (mmol/l) 0.006 0.883
FinS (µiU/ml) -0.036 0.342
hOMa-ir -0.044 0.248

Note: r, partial correlation coefficient after adjusting for sex and age.
Abbreviations: BMi, body mass index; cVD, cardiovascular disease; DBP, diastolic 
blood pressure; FinS, fasting plasma insulin; FPg, fasting plasma glucose; hDl-c, 
high-density lipoprotein cholesterol; hOMa-ir, homeostasis model assessment of 
insulin resistance; igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth 
factor binding protein-3; lDl-c, low-density lipoprotein cholesterol; SBP, systolic 
blood pressure; Tg, triglyceride; Wc, waist circumference; Whr, waist to hip 
ratio.

Table 4 The association of igF-1/igFBP-3 with MetS, MetS components, and cVD risk factors

Tertiles of IGF-1/IGFBP-3 ratio levels

T1 (n=236) T2 (n=235) T3 (n=236)

correlation between igF-1/igFBP-3 ratio and MetS
Model 1 1.0 (reference) 1.531(0.695, 3.377) 2.086 (0.987, 4.407)
Model 2 1.0 (reference) 1.512 (0.672, 3.404) 2.051 (0.962, 4.377)
Model 3 1.0 (reference) 1.469 (0.651, 3.314) 2.058 (0.964, 4.396)
Model 4 1.0 (reference) 1.590 (0.695, 3.639) 2.309 (1.059, 5.034)*
Model 5 1.0 (reference) 1.568 (0.683, 3.603) 2.258 (1.023, 4.982)*
Model 6 1.0 (reference) 1.548 (0.657, 3.651) 2.348 (1.040, 5.303)*

correlation between igF-1/igFBP-3 ratio and MetS componentsa

hypertension 1.0 (reference) 1.226 (0.769, 1.956) 1.729 (1.110, 2.695)*
hyperglycemia 1.0 (reference) 3.024 (1.254, 7.289)* 1.553 (0.599, 4.031)
high triglycerides 1.0 (reference) 1.472 (0.741, 2.925) 1.071 (0.517, 2.218)
low hDl-c 1.0 (reference) 1.147 (0.762, 1.728) 1.136 (0.762, 1.693)
central obesity 1.0 (reference) 1.224 (0.728, 2.058) 1.517 (0.917, 2.509)

correlation between igF-1/igFBP-3 ratio and other risk factors for cVD except MetS componentsa

high lDl-c 1.0 (reference) 1.196 (0.789, 1.814) 1.841 (1.230, 2.755)**
Overweight/obese 1.0 (reference) 1.072 (0.688, 1.671) 1.286 (0.833, 1.984)

Notes: T1, tertile 1; T2, tertile 2; T3, tertile 3. The T3 group with the highest IGF-1/IGFBP-3 level was the reference group. Overweight and obese were defined as BMI 
≥85th and ≥95th percentiles, respectively. **P<0.01, *P<0.05 vs the reference group. Model: logistic regression analysis. Model 1: adjusting for no factors. Model 2: adjusting 
for age and sex. Model 3: model 2 + family history of diabetes. Model 4: model 3 + adiponectin. Model 5: model 4 + hs-crP. Model 6: model 4 + alT. aOn the basis of model 6.
Abbreviations: alT, alanine transaminase; BMi, body mass index; cVD, cardiovascular disease; hDl-c, high-density lipoprotein cholesterol; hs-crP, high-sensitivity 
c-reactive protein; igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3; lDl-c, low-density lipoprotein cholesterol; MetS, metabolic 
syndrome.
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baseline ratios of IGF-1/IGFBP-3 in adolescence with BMI 

5 years later was revealed.

The IGF system includes three ligands (IGF-1, IGF-2, and 

insulin), their surface receptors, six binding proteins (IGFBP-

1–6) and their proteases (eg, PAPP-A). IGF-1 enhances 

insulin sensitivity, promotes glucose uptake, improves lipid 

metabolism, and has anti-inflammatory activity.16–20 The 

IGFBP family in serum functions to regulate the endocrine 

actions of IGF-1 by regulating the amount of bioavailable 

IGF-1, and the major binding protein (>75%) for IGF-1 

is IGFBP-3. A study of IGF-1 and IGFBP-3 in children 

and adolescents showed that the trend in IGF-1 and IGF-1/

IGFBP-3 ratio changes was the same.21 Furthermore, the 

IGF-1/IGFBP-3 ratio had a stronger association with all of 

the MetS components than either IGF-1 or IGFBP-3 alone, 

also represents a balance between cardiac and metabolic 

risk.22 Thus, in this study, the ratio was used to determine 

the correlations between IGF-1, MetS, and cardiovascular 

disease risk factors.

In terms of whether IGF-1/IGFBP-3 ratios are associated 

with the risk of MetS, in recent years, studies of different 

populations have not been consistent. A low ratio of IGF-1/

IGFBP-3 was associated with an increased prevalence of 

MetS, according to a cross-sectional study of the German 

adult population by Friedrich et al.23 In contrast, Yeap et al 

found that the IGF-1/IGFBP-3 ratio was independent of MetS 

based on the data obtained from 3,980 males >70 years old 

in Australia.24 These studies suggest that the relationship 

Table 5 clinical characteristics of subjects from the three baseline groups after 5 years

Tertiles of IGF-1/IGFBP-3 ratio levels

 T1-F (n=28) T2-F (n=31) T3-F (n=34) P-value

igF-1/igFBP-3 0.03 (0.02,0.04) 0.09 (0.07,0.12) 0.28 (0.21,0.47) <0.001
age (years) 20.05±0.31 19.62±0.27 19.92±0.26 0.553
Sex (F, %) 35.7 41.9 50.0 0.589
Family history (%) 53.5 45.2 47.7 0.131
Wc (cm) 85.65±2.57 83.17±1.53 79.15±1.89 0.074
Whr 0.86±0.02 0.88±0.01 0.81±0.03 0.111
BMi (kg/m2) 24.75±1.09 22.08±0.63 21.66±0.63 0.016
SBP (mmhg) 120.52±3.12 118.31±2.64 116.85±2.61 0.656
DBP (mmhg) 81.05±1.77 77.54±1.49 78.66±1.99 0.372
Tg (mmol/l) 1.08 (0.75,1.86) 1.03 (0.79,1.21) 0.89 (0.71, 1.35) 0.737
hDl-c (mmol/l) 0.95 (0.86,1.16) 0.98 (0.90,1.12) 0.96 (0.89, 1.04) 0.786
lDl-c (mmol/l) 2.16 (1.89,2.73) 1.86 (1.60,2.22) 2.17 (1.79, 2.55) 0.083
FPg (mmol/l) 4.78±0.18 4.72±0.11 4.73±0.09 0.938
Uric acid (mmol/l) 327.25±27.35 336.58±16.77 325.46±17.85 0.915
FinS (µiU/ml) 10.21 (8.79,11.85) 8.89 (7.03,10.43) 8.61 (7.25,10.32) 0.163

Notes: T1-F, tertile 1 in the follow-up group; T2-F, tertile 2 in the follow-up group; T3-F, tertile 3 in the follow-up group. P indicates significance.
Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FinS, fasting plasma insulin; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein cholesterol; 
igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3; lDl-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; Tg, 
triglyceride; Wc, waist circumference; Whr, waist to hip ratio.

Table 6 The association of igF-1/igFBP-3 levels with MetS and MetS components after 5 years follow-up

 Tertiles of IGF-1/IGFBP-3 ratio levels

 T1-F (n=28) T2-F (n=31) T3-F (n=34)

MetS 1.0 (reference) 2.066 (0.167, 25.51) 10.724 (1.032, 111.403)*
central obesity 1.0 (reference) 1.695 (0.508, 5.695) 2.727 (0.771, 9.644)
hypertension 1.0 (reference) 0.788 (0.197, 3.154) 1.559 (0.408, 5.960)
high Tg 1.0 (reference) 0.949 (0.164, 5.481) 3.325 (0.665, 16.625)
low hDl-c 1.0 (reference) 0.870 (0.279, 2.706) 0.991 (0.296, 3.315)

Notes: T1-F, tertile 1 in the follow-up group; T2-F, tertile 2 in the follow-up group; T3-F, tertile 3 in the follow-up group. T3-F with highest igF-1/igFBP-3 level was the 
reference group. central obesity, waist circumference ≥90 cm in men and ≥80 cm in women. *P<0.05 vs the reference group. aThis analysis was adjusted for sex and age. 
Definition of MetS and MetS components was according to guidelines provided by the International Diabetes Federation for adults. Because no subject had hyperglycemia, 
it was not included.
Abbreviations: hDl-c, high-density lipoprotein cholesterol; igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3; MetS, metabolic 
syndrome; Tg, triglyceride.
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between the IGF-1/IGFBP-3 ratio and MetS may be different 

due to age or race. Numerous epidemiological and clinical 

studies have shown that MetS is a complex phenotype, and 

abnormal glucose and lipid metabolism, insulin resistance, 

central obesity, and the inflammatory reaction are leading 

factors in the development of MetS.25,26 Thus, in addition 

to IGF-1, population-specific factors, diet, physical activity 

environment affect the onset of MetS, which explain the 

contradicting results in the literature.

In this study, the correlation between IGF-1/IGFBP-3 

ratio and MetS in the adolescent population in northeastern 

China was determined, and a 5-year follow-up study was 

performed to further investigate whether this correlation 

changed with age. In the cross-sectional investigation, we 

found that there was a clear association between the IGF-1/

IGFBP-3 ratios and the high risk of MetS, and this associa-

tion was driven by hypertension, which was shown to be the 

most closely correlated component. In the follow-up study, 

we also found a strong correlation between baseline IGF-1/

IGFBP-3 ratios in adolescents and the presence of MetS in 

early adulthood, although different diagnostic criteria were 

used at different stages, while no correlation between baseline 

IGF-1/IGFBP-3 ratio and any MetS components in the adult 

period was found. As to this inconsistency, we speculated that 

the effects from various MetS components showed the same 

trend; thus, the accumulated effects led to the significant cor-

relation between baseline IGF-1/IGFBP-3 ratios and overall 

risk of MetS after 5 years. Our present study was the first 

longitudinal one to reveal the prospective effects of IGF-1/

IGFBP-3 for MetS. Also, it was a novel finding that despite 

changes in growth and development from adolescence to 

adulthood, adolescent IGF-1/IGFBP-3 ratios were still indica-

tive of adult metabolic diseases.

In addition to MetS components, LDL-C was also con-

sidered as an important cardiovascular risk factor. We found 

a significant negative correlation between IGF-1/IGFBP-3 

and LDL-C levels, and a decrease in IGF-1/IGFBP-3 ratio 

was an independent risk factor for high LDL-C. In contrast, 

TG and HDL-C, which are closely related to MetS, did not 

show any independent association with IGF-1/IGFBP-3 in 

this study. Malík et al also demonstrated this difference 

in their study, as the IGF-1/IGFBP-3 ratio was reduced in 

patients with hypercholesterolemia alone, but elevated in the 

mixed hyperlipidemia group.27 Therefore, the relationship 

between IGF-1 or IGFBP-3 and various lipid metabolism 

components may not be the same. As the evaluation of obe-

sity, BMI was not associated with IGF-1/IGFBP-3 ratio in 

the adolescent cross-sectional data. However, in the follow-

up study, when the 93 adolescents became adults, the group 

with the lowest ratio of IGF-1/IGFBP-3 in adolescence 

showed the highest level of BMI in adulthood, which was 

consistent with the increased risk of MetS. It was reported 

that the association of IGF-1 with MetS was affected by 

adiponectin, hs-CRP, and abnormal liver function,10,24,28 

and that is why we adjusted these potentially confounding 

factors in the analysis to show an independent relationship. 

Some national and international studies showed that the 

IGF-1/IGFBP-3 ratio was negatively correlated with the 

number of MetS components,12,21,29 which was not found 

in this study (results not shown).

The results of our cross-sectional and prospective studies 

were not completely the same, and this was presumably due 

to the following reasons. First, the subjects experienced ado-

lescence and adulthood, and definitions of cardiovascular dis-

ease risk factors such as MetS components and overweight/

obesity in the two periods were very different; thus, even in 

the same disease state, the degree of consistency of diagno-

sis for subjects before and after was significantly reduced 

due to different criteria. Second, the correlation between 

IGF-1/IGFBP-3 ratio and metabolic diseases was affected 

by factors such as age, growth, and development, which 

could partly explain why the results of published studies in 

different age groups were often contradictory. For example, 

a study of young people aged 11–18 years in the United 

States showed a clear correlation between IGF-1/IGFBP-3 

ratio and adolescent blood pressure,30 while another study 

carried out in young people aged 20–34 years failed to find 

this correlation.31 Third, as most of the subjects had gone to 

universities in different cities, the follow-up sample size in 

the present study was small, which was an obvious flaw of 

this study. Therefore, expanding the follow-up sample size 

and prolonging the follow-up period would help to further 

elucidate the causal relationships between IGF-1/IGFBP-3 

ratio, adolescent MetS, and various cardiovascular disease 

risk factors.

Conclusion
Using cross-sectional and prospective methods, we deter-

mined the ratios of IGF-1/IGFBP-3 in Han adolescents aged 

12–16 years residing in Liaoyang, northeastern China, and 

showed that a decrease in IGF-1/IGFBP-3 ratios in adoles-

cents had a predictive effect on the high risk of MetS in adult-

hood. The prevalence of obesity, type 2 diabetes, and other 

metabolic diseases in Chinese adolescents is increasing.32 The 

IGF-1/IGFBP-3 ratio would be useful for epidemiological 

screening as a simple and effective serum marker of MetS, 
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especially its predictive ability for future MetS and higher 

BMI in adulthood, which is of great practical value.
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Supplementary material

Table S1 comparison of clinical characteristics between the follow-up group and the non-follow-up group

 Follow-up group (n=93) Non-follow-up group (n=838) P-value

igF-1/igFBP-3 0.10 (0.05,0.24) 0.09 (0.04,0.16) 0.204
age (years) 14.01±0.14 13.71±0.05 0.063
Wc (cm) 78.14±1.01 76.57±0.36 0.172
Whr 0.82±0.00 0.81±0.00 0.761
BMi (kg/m2) 22.10±0.39 21.52±0.14 0.202
SBP (mmhg) 119.73±1.25 117.36±0.48 0.119
DBP (mmhg) 72.62±1.10 73.16±0.37 0.653
Tg (mmol/l) 0.94 (0.58,1.25) 0.94 (0.68,1.31) 0.115
hDl-c (mmol/l) 1.04 (0.90,1.26) 1.07 (0.87,1.27) 0.835
lDl-c (mmol/l) 3.36 (3.27,3.51) 3.30 (3.25,3.48) 0.113
FPg (mmol/l) 4.79±0.06 4.77±0.02 0.836
Uric acid (mmol/l) 328.02±27.92 309.71±3.09 0.064
FinS (µiU/ml) 18.00 (13.50,23.25) 18.00 (13.00,24.00) 0.804

Note: P indicates significance.
Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FinS, fasting plasma insulin; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein cholesterol; 
igF-1, insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3; lDl-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; Tg, 
triglyceride; Wc, waist circumference; Whr, waist to hip ratio.

Table S2 Partial correlation between igF-1/igFBP-3 ratio level 
and risk factors for cardiovascular disease in follow-up group

Variables R P-value

Wc (cm) -0.196 0.136
Whr -0.162 0.222
BMi (kg/m2) -0.225 0.087
SBP (mmhg) -0.138 0.298
DBP (mmhg) -0.084 0.527
Tg (mmol/l) -0.132 0.319
hDl-c (mmol/l) -0.026 0.844
lDl-c (mmol/l) -0.047 0.722
FPg (mmol/l) 0.159 0.230
Uric acid (mmol/l) -0.075 0.574
FinS (µiU/ml) -0.074 0.578
hOMa-ir -0.012 0.928

Note: P, partial correlation coefficient after adjusting for sex and age.
Abbreviations: BMi, body mass index; DBP, diastolic blood pressure; FinS, 
fasting plasma insulin; FPg, fasting plasma glucose; hDl-c, high-density lipoprotein 
cholesterol; hOMa-ir, homeostasis model assessment of insulin resistance; igF-1, 
insulin-like growth factor-1; igFBP-3, insulin-like growth factor binding protein-3; 
lDl-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; Tg, 
triglyceride; Wc, waist circumference; Whr, waist to hip ratio.
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