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Insulin-like growth factor-I (IGF-I) plays a pivotal role in the diagnosis and treatment of growth hormone (GH) excess or deficiency. 
The GH study group of the Korean Endocrine Society aims to establish the Korean reference ranges of serum IGF-I and insulin-like 
growth factor binding protein-3 (IGFBP-3) and assess the relationship between IGF-I and IGFBP-3 and clinical parameters. Fasting 
serum was collected from healthy Korean adults at health promotion centers of five hospitals nationwide. Serum IGF-I and IGFBP-3 
were measured via an immunoradiometric assay using a DSL kit (Diagnostic Systems Laboratories). Serum samples from 354 sub-
jects (180 male, 174 female) were analyzed based on sex at 10-year intervals from 21 to 70 years. IGF-I levels were inversely corre-
lated with age. After adjustment of age, the IGF-I/IGFBP-3 ratio was significantly negatively associated with blood pressure and free 
thyroxine and positively associated with weight, hemoglobin, creatinine, alanine transferase, fasting glucose, and thyroid stimulating 
hormone. Therefore, age- and sex-specific reference ranges of serum IGF-I and IGFBP-3 can be efficient in evaluating GH excess or 
deficiency in Korean population.
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INTRODUCTION

The insulin-like growth factor-I (IGF-I) (termed since 1978) 

with activity similar to insulin was initially reported in 1972 as 
a sulfation factor secreted by liver, mediating the stimulating ef-
fect of growth hormone (GH) [1]. Serum IGF-I plays a pivotal 
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role in somatotropic axis disorders in both adolescents and 
adults [1]. In blood circulation, over 75% of IGF-I is bound to 
the insulin-like growth factor binding protein-3 (IGFBP-3). 
Higher levels of IGFBP-3 increase the binding capacity of IGF-
I, but also decrease the circulating IGF-I bioavailability [2]. 
Therefore, the molar ratio between IGF-I and IGFBP-3 reflects 
the biologically active free IGF-I [3]. 

Circulating levels of IGF-I extensively depend on genetic fac-
tors and age [3,4] and are also affected by sex, anthropometric 
indices, physical activity, exogenous sex hormones, smoking, 
and nutritional status [5-7]. Measuring serum IGF-I and IGFBP-3 
is essential for diagnosis and monitoring of treatment responses 
in GH deficiency such as hypopituitarism, growth hormone-re-
leasing hormone (GHRH) receptor mutation, or GH insensitivi-
ty [8] and GH excess such as acromegaly or gigantism [9]. Re-
cently many countries reported the reference range of IGF-I 
[4,5]; however, no study has evaluated IGF-I reference ranges 
in Korean population. 

We aimed to identify the reference ranges for serum IGF-I 
and IGFBP-3 and to assess the relationship between IGF-I, 
IGFBP-3, and IGF-I/IGFBP-3 molar ratio and clinical parame-
ters in Korean adult (21 to 70 years) population.

METHODS 

Study subjects 
The study was conducted by the GH study group of the Korean 
Endocrine Society between 2004 and 2006. In total, 354 healthy 
Koreans (180 men, 174 women), aged 21 to 70 years, with a 
body mass index (BMI) ≥18.5 and ≤30 kg/m2 were selected 
from five hospitals in South Korea; Hallym University Hangang 
Sacred Heart Hospital (Seoul), Inje University Ilsan Paik Hos-
pital (Goyang), Seoul Metropolitan Government Seoul National 
University Boramae Medical Center (Seoul), Ajou University 
Medical Center (Suwon), Jeonbuk National University Hospital 
(Jeonju). Exclusion criteria were: (1) pregnancy; (2) history of 
diabetes mellitus, hypertension, thyroid dysfunction, and malig-
nancy; (3) renal, hepatic, and pituitary disease; (4) previous or 
current drug treatments for medical illness; (5) malignancy; and 
(6) malnutrition. The information about medical history and 
menopause state were taken from interview of study subjects 
and review of medical records. Menopause was defined the 
state of which women who have not experienced any menstrual 
flow for a minimum of 12 months assuming that they have a 
uterus and are not pregnant or lactating in 40s or 50s women, or 
women have a history of hysterectomy and follicle stimulating 

hormone (FSH) >40 mIU/mL, or women underwent bilateral 
oophorectomy. 

This study was approved by the Institutional Review Board of 
the Hallym University Hangang Sacred Heart Hospital (IRB No. 
2003-007). All participants provided written informed consent.

Measurements
Blood samples were collected after overnight fasting. Thereaf-
ter, 1 mL serum was collected in two tubes each, stored at 
−70°C, and was further evaluated in the endocrinology labora-
tory of Kyung Hee University Hospital. The IGF-I and IGFBP-3 
levels were measured via immunoradiometric assay using a 
DSL kit (Diagnostic Systems Laboratories, Webster, TX, USA). 
The biochemical data of study participants were collected from 
the results of each health promotion center by investigators. 
Clinical data for liver, kidney, thyroid function, lipid, and glu-
cose metabolism were analyzed for their correlations with IGF-
I and IGFBP-3 levels.

Statistical analysis
To determine the consistency of the mean IGF-I values by age 
group, we confirmed intraclass correlation coefficient (ICC) be-
tween means of reference’s data from DSL kit and our samples, 
and modeled IGF-I and IGFBP-3 values to least square means 
and 95% confidence interval via generalized additive model 
(GAM) and quantile regression. The correlation strength be-
tween the variables and IGF-I and IGFBP-3 and the molar ratio 
was calculated by Pearson’s correlation coefficient (r). The P 
value of 0.05 was considered statistically significant, and was 
measured using the R3.6.1 program (https://cran.r-project.org) 
and R packages (irr, psych, gam, quantreg, and ggplot2).

RESULTS

The baseline clinical characteristics of subjects
The baseline characteristics of 354 study subjects with normal 
liver, kidney, thyroid function test, and lipid profile are listed in 
Supplemental Table S1. The mean age was 45 years (46 male, 
44 female) and the mean BMI was 22.93 kg/m2.

The reference ranges of serum IGF-I and IGFBP-3
The mean and standard deviation of serum IGF-I and IGFBP-3 
levels according to age are summarized in Table 1. The partici-
pants were divided based on sex into groups at 10-year intervals 
from 21 to 70 years. The serum IGF-I levels were lower in age 
dependent manner, whereas the mean IGFBP-3 levels were not 
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(Table 1, Supplemental Fig. S1). In particular, among subjects 
aged 40 to 60 years, the IGF-I level of postmenopausal women 
without hormonal replacement therapy (HRT) was significantly 
lower than those of premenopausal women and men (188.60±

109.89 ng/mL vs. 279.40±127.85 ng/mL vs. 281.64±136.57 
ng/mL, P<0.0001). Also, the IGF-I levels of postmenopausal 
women with HRT were very high. Therefore, we excluded the 
data of two postmenopausal women who had been treated with 
HRT and analyzed the reference ranges of serum IGF-I and 
IGFBP-3.

Furthermore, we compared the IGF-1 and IGFBP-3 concen-
trations between our samples and reference’s data provided by 
DSL. The ICC was 0.97 (Supplemental Fig. S2). The estimated 
mean and percentiles for both sexes at 10-year increments are as 
illustrated in Fig. 1 and Supplemental Table S2. 

The correlation between serum IGF-I/IGFBP-3 and 
clinical parameters 
IGF-I levels were inversely correlated with age in both sexes 
(men: r=−0.34, P<0.001; and women: r=−0.50, P<0.001). 
The correlation of serum IGF-I and IGFBP-3 and the IGF-I/
IGFBP-3 ratio with the clinical parameters was analyzed after 
adjustment of age. Systolic and diastolic blood pressure and free 
thyroxine (FT4) were inversely associated with IGF-I values; 

however, weight, BMI, hemoglobin (Hb), creatinine (Cr), ala-
nine transferase (ALT), fasting glucose, and high density lipo-
protein cholesterol (HDL-C) were positively correlated with 
IGF-I (Supplemental Table S3). 

The values of serum IGFBP-3 were inversely associated with 
age, but the relationship was not statistically significant in men 
(men: r=−0.049, P=0.5225; and women: r=−0.2293, P=0.0029). 
After adjustment of age, BMI, and fasting blood glucose were 
positively associated with IGFBP-3 (r=0.1641, P<0.001 and 
r=0.3425, P<0.001). Systolic and diastolic blood pressure and 
FT4 were negatively associated with IGFBP-3 (r=−0.1321, 
P=0.0171; r=−0.2315, P<0.001; r=−0.3651, P<0.001) (Supple-
mental Table S4).

The relationship between the IGF-I/IGFBP-3 molar ratio and 
variables is listed in Supplemental Table S5. After adjustment of 
age, systolic and diastolic blood pressure and FT4 revealed sig-
nificant negative correlations with IGF-I/IGFBP-3 ratio; how-
ever, weight, Hb, Cr, ALT, fasting glucose, HDL-C, and thyroid 
stimulating hormone were positively correlated (Supplemental 
Table S5).

DISCUSSION 

We report the reference values of IGF-I and IGFBP-3 in healthy 

Table 1. Reference Ranges of IGF-I and IGFBP-3 in Healthy Korean Adults

Age, yr
Male (n=180) Female (n=172) Reference

No. Mean SD Min Max No. Mean SD Min Max Mean
–2SD Mean Mean

+2SD

IGF-I, 
   ng/mL

21–30 25 386.42 114.58 189.00 596.00 26 408.26 131.10 227.00 651.00 162.8 443.0 723.2

31–40 44 324.64 112.82 102.50 575.00 44 330.76 128.58 94.00 604.00 115.3 325.1 534.9

41–50 35 282.34 153.44 64.00 646.00 34a 283.70a 125.50a 70.00 536.00 80.9 261.7 442.4

9a,b 194.39a 113.14a 74.00 384.00

51–60 49 281.14 124.79 64.50 562.00 36a 269.64a 138.77a 66.50 464.00 61.5 236.0 410.4

25a,b 186.64a 111.00a 41.00 419.00

61–70 27 214.26 112.23 37.00 429.00 32a 205.07a 129.37a 34.00 495.00 48.7 208.8 368.8

IGFBP-3, 
   ng/mL

21–30 25 3,350.29 514.36 2,232.50 4,292.50 26 3,837.43 840.27 2,091.50 5,297.50 1,965.8 4,236.6 6,507.3

31–40 44 3,506.39 549.26 2,562.50 4,948.50 44 3,745.17 510.40 2,985.00 5,112.50 1,693.0 3,493.0 5,293.0

41–50 35 3,354.80 443.49 2,473.00 4,674.50 34 3,514.76 654.17 2,727.50 5,118.00 2,158.0 3,152.0 4,146.0

9b 3,238.33 590.98 2,239.00 4,136.50

51–60 48 3,473.66 637.91 2,304.00 4,970.50 35 3,316.41 393.13 2,892.50 4,130.00 2,088.0 2,966.0 3,844.0

25b 3,594.50 888.44 2,314.50 5,772.00

61–70 27 3,272.83 671.64 2,048.50 4,502.00 32 3,469.78 684.81 1,975.00 5,135.00

IGF-I, insulin-like growth factor-I; IGFBP-3, insulin-like growth factor binding protein-3; SD, standard deviation.
aWe excluded the data of two postmenopausal women who had been treated with hormonal replacement therapy; bPostmenopausal state.
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Korean adults which are significantly influenced by clinical 
variables, including age, blood pressure, fasting blood glucose, 
lipid profile, and FT4. The IGF-I and IGF-I/IGFBP-3 ratio de-
creased with increasing age, as reported previously [3-5]. Re-
cently the normal reference ranges for serum IGF-I levels were 
established in large sample of Chinese adults [5]. The serum 
IGF-I levels were significantly influenced by age, BMI, and 
geographical region. It did not differ depending on sex except in 
the 60 to 64 year old age group [5]. Other studies also showed 
postmenopausal women presented lower IGF-I level compared 
to premenopausal women of same age [6,7], which was in ac-
cordance with our study results. The estrogen-dependent stimu-
latory effect on the GH/IGF-I axis induces IGF-I synthesis [7]. 
Hypertension is associated with low serum IGF-I levels in our 
study. This was consistent with results of Italian observational 
exploratory study [10]. They suggested that deficiency of vaso-
dilator effect of IGF-I might be associated with hypertension. In 
adults with type 1 diabetes, IGF-I and IGFBP-3 levels were 
lower than those in the control group [11]. In patients with type 
2 diabetes, IGF-I level was in a normal range; however, it was 
significantly lower in the insulin administered group compared 
with control group [11,12]; however, nondiabetic obese subjects 
presented increased level of free IGF-I [12]. In the present 
study, both IGF-I and IGFBP-3 were positively correlated with 
fasting glucose. IGF-I decreased during short-term fasting and 
caloric and protein restriction [13]. Caloric restriction does not 

affect IGFBP-3 or IGFBP-3 proteolytic activity [13,14]; there-
fore, reduced serum IGF-I during fasting is due to decreased 
IGF-I production rather than increased IGF-I turnover [2]. In 
the present study, IGF-I and IGF-I/IGFBP-3 molar ratios were 
positively associated with the weight, BMI, Hb, fasting glucose, 
and ALT level which reflect body composition and nutritional 
status. Thyroid function was associated with the IGFs and their 
binding proteins, while GH and IGF-I stimulated peripheral 
conversion of thyroxine (T4) to triiodothyronine [15,16]. A pre-
vious study reported that IGF-I level was positively correlated 
with FT4 [17]. In this study, IGF-I, IGFBP-3, and molar ratio 
were correlated with FT4.

This study has certain limitations. First, immunoradiometric 
assay was performed which was not imported after 2007; 
whereas, recently chemiluminescence immunoassay is pre-
ferred. Second, despite nationwide distribution from Seoul and 
Gyeonggi-do to the southern part of Korea, the study subjects 
from health promotions centers were recruited. Therefore, the 
participants were limited. Third, as this study was performed 15 
years ago, it is presumed that the IGF level may have changed 
with the nutrition status. 

In conclusion, we conducted a study on IGF-I and IGFBP-3 
with healthy Korean adults to treat GH-excess or deficiency. 
Further studies are warranted to provide Korean reference rang-
es through further larger multicenter studies using a chemilumi-
nescence immunoassay. 
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Fig. 1. Individual points and percentiles of (A) insulin-like growth factor-I (IGF-I) and (B) insulin-like growth factor binding protein-3 
(IGFBP-3) by age group. Curves presented the least squares (LS) means of 10th, 25th, 50th (median), 75th, and 90th percentile of IGF-I and 
IGFBP-3 calculated by the generalized additive model (GAM) and quantile regression.
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