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Objective: The aim of this study was to investigate the effect of serum calcium and 
phosphorus levels on the insulin-like growth factor 1 (IGF-1) in Chinese children and 
adolescents with short stature.
Methods: In this cross-sectional analysis, the clinical data of 747 children with height 
below –2 SD who were evaluated at the Department of Endocrinology, Affiliated Hospital of 
Jining Medical University from March 1, 2013, to February 28, 2019, were selected. 
Anthropometric and biochemical indicators were measured. The relationship between the 
serum calcium and phosphorus levels and IGF-1 was analysed.
Results: The univariate analysis results showed that serum calcium or phosphorus was 
significantly associated with IGF-1 SDS. In addition, after adjusting for possible confound
ing factors, a linear relationship between serum calcium and IGF-1 SDS and a non-linear 
relationship between serum phosphorus and IGF-1 SDS were observed by smooth curve 
fitting. The results of the fully adjusted linear regression showed that serum calcium was 
positively associated with IGF-1 SDS (β 1.07, 95% CI 0.21, 1.92; p = 0.015). In the 
multivariate piecewise linear regression, when the serum phosphorus level was greater 
than 1.26 mmol/L, the IGF-1 SDS increased with the increase in serum phosphorus 
(β 1.92, 95% CI 1.36, 2.48; p < 0.001). However, we did not observe a significant relation
ship when the serum phosphorus level was less than 1.26 mmol/L (p = 0.223).
Conclusion: This study demonstrated that in Chinese children and adolescents with short 
stature, circulating calcium and phosphorus concentrations may be associated with the 
regulation of IGF-1 levels, and this relationship merits further investigation.
Keywords: calcium, phosphorus, IGF-1, short stature

Introduction
The definition of short stature is based on statistics, assuming that the normal values 
for the specific population are within the range of ±2 standard deviations (SDs), 
adjusted for sex and age. A child whose height is below −2SD is considered to be of 
short stature.1,2 Growth hormone (GH) and growth hormone receptors (GHRs) 
combine to activate the JAK-STAT signalling pathway and then stimulate the 
synthesis and secretion of insulin-like growth factor 1 (IGF-1) from the liver and 
other tissues.3,4 IGF-1 concentrations are low in growth hormone-deficient (GHD) 
patients, and there are also reports that low concentrations of IGF-1 are still 
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observed in some children with idiopathic short stature 
who have normal GH levels.5

IGF-1 can promote bone formation by causing differen
tiation and regeneration of epiphyseal chondrocytes and can 
also effectively promote bone metabolism.6 Schlechter et al 
believe that IGF-l has a direct growth-promoting effect on 
long bones.7 IGF-1 in bone enhances the osteoblastic func
tion of osteoblasts by stimulating osteoblast proliferation, 
thereby promoting bone mineralization.8 The main factors 
affecting liver synthesis and release of IGF-1 are GH, 
insulin, nutritional status, and IGF-binding protein.9,10

Calcium and phosphorus are both important compo
nents of the bone mineral phase. Previous studies on 
serum calcium and phosphorus levels have mainly focused 
on cardiovascular disease and chronic kidney disease.11,12 

There are few studies on the correlation between IGF-1 
and serum calcium and phosphorus levels. A review based 
on 14 reports summarizing the clinical effects of IGF-1 
administration found that IGF-1 increases bone resorption 
and bone formation; therefore, there also may be 
a potential interaction between calcium and IGF1 in bone 
metabolism.13 Cross-sectional data from the third US 
Health and Nutrition Examination Survey (NHANES III) 
showed an overall positive correlation between circulating 
levels of IGF-1 and IGFBP3 and serum calcium.14 Several 
studies have shown that GH treatment can increase serum 
phosphorus levels in patients with X-linked hypophospha
temia (XLH).15,16 The increase in glomerular filtration rate 
and proximal convoluted tubular phosphate transport 
caused by GH may be mediated by IGF-1.17 In other 
words, the increase of serum phosphorus level after GH 
treatment may be related to IGF-1 in XLH population. 
Until now, the association between IGF-1 levels and 
serum calcium and phosphorus concentrations in children 
with short stature has not been studied. The aim of this 
study was to examine the relationship between IGF-1 and 
serum calcium and phosphorus levels in Chinese children 
and adolescents with short stature.

Subjects and Methods
Study Subjects
The subjects were enrolled from cohort GDDSD study 
(Growth and Development Diseases in Shandong Province: 
a cohort follow-up study, http://www.chictr.org.cn, 
ChiCTR1900026510). We reviewed the medical records of 
short stature children and adolescents who were evaluated at 
the Department of Endocrinology, Affiliated Hospital of 

Jining Medical University, between March 1, 2013, and 
February 28, 2019, and conducted a cross-sectional analysis. 
The inclusion criteria were as follows: the individual’s height 
below –2 SD in the normal population with the same race, 
age, sex, and other factors. The exclusion criteria were as 
follows: children with allergic purpura, skeletal dysplasia, 
chromosomal abnormalities, thyroid dysfunction, congenital 
heart disease, or intracranial tumours and those with incom
plete data on IGF-1 and serum calcium and phosphorus.

According to the inclusion and exclusion criteria, 747 
children and adolescents (540 males and 207 females) 
aged 10.23 ± 3.47 years were enrolled in this study 
(Table 1). The study was approved by the Human Ethics 
Committee of the Affiliated Hospital of Jining Medical 
University (Shandong, China).

Anthropomorphic Measurements
With no shoes and no covering on the head, the height of 
each patient was measured with the same height measuring 

Table 1 Clinical Characteristics of Subjects

Characteristics All

N 747
Sex (male/female) 540/207

Age (years) 10.23 ± 3.47
BA (year) 8.23 ± 3.80

Height (cm) 125.86 ± 17.84

Height SDS −2.63 ± 0.55
Weight (kg) 27.78 ± 10.91

BMI SDS −0.29 ± 1.12

IGF-1 (ng/mL) 190.98 ± 123.51
IGF-1 SDS −0.91 ± 1.23

IGFBP3 (µg/mL) 4.53 ± 1.27

Ca (mmol/L) 2.47 ± 0.15
P (mmol/L) 1.51 ± 0.20

ALT (U/L) 15.95 ± 8.77

AST (U/L) 26.07 ± 7.56
Cr (µmol/L) 39.62 ± 8.87

BUN (µmol/L) 4.61 ± 1.13

UA (µmol/L) 262.32 ± 74.93
TG (mmol/L) 0.73 ± 0.35

TC (mmol/L) 3.84 ± 0.74

HDL-C (mmol/L) 1.37 ± 0.28
LDL-C (mmol/L) 2.07 ± 0.59

Note: Continuous variables are expressed as means ± standard deviations and 
categorical data using number (percentage). 
Abbreviations: BA, bone age; Height; SDS, height standard deviation scores; 
BMISDS, body mass index standard deviation scores; IGF-1, insulin-like growth 
factor-1; IGF-1 SDS, the standard deviation score of IGF-1; IGFBP-3, insulin-like 
growth factor-binding protein-3; Ca, calcium; P, phosphorus; ALT, alanine amino
transferase; AST, aspartate transaminase; Cr, creatinine; BUN, blood urea nitrogen; 
UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipopro
tein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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instrument (produced by Nantong Best Industrial Co. Ltd., 
Jiangsu, China) with an allowable error range of 0.1 cm. The 
height SDS was calculated based on the normal range of 
Chinese children.18 Weight was measured with the same 
electronic scale from the same manufacturer (Xiang shan 
Weighing Apparatus Co. Ltd., Guangdong, China) and was 
accurate within ± 0.1 kg. Body mass index (BMI) was 
calculated as the ratio between the obtained body weight in 
kilograms and the height in metres squared. The BMI stan
dard deviation score (BMI SDS) was calculated according to 
2009 growth graphs for Chinese children and adolescents.19 

The stage of puberty was assessed by physical examinations 
according to Tanner staging.20 The criteria for prepuberty 
were as follows: for boys, testicular volume less than 4 mL 
evaluated by an orchiometer according to Prader with no 
pubic hair; for girls, no breast development or pubic 
hair.21,22 The bone age (BA) was measured by taking an 
X-ray of the left hand including the hand bone, wrist, and 
3–4 cm of the radial ulnar stem. The BA was reviewed 
according to the Greulich-Pyle method by a senior doctor 
who was specifically hired by our institution.

Laboratory Measurements
Serum IGF-1 and IGFBP-3 levels were measured by the 
chemiluminescence immunometric method (DPC 
IMMULITE 1000 analyser, SIEMENS, Germany) with 
intra- and interassay CVs for IGF-1 of 3.0% and 6.2%, 
respectively, and intra- and interassay CVs for IGFBP-3 
of 4.4% and 6.6%. The IGF-1 standard deviation score 
(IGF-1 SDS) adjusted for age and sex was determined 
according to IGF-1 levels of healthy Japanese children 
and adolescents of the same age and sex.23 Liver function 
(including alanine aminotransferase (ALT) and AST 
levels), renal function (including Cr, blood urea nitrogen 
(BUN), and uric acid (UA)), blood lipid indices (including 
total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-c), low-density lipoprotein C (LDL-c), triglycerides 
(TGs), and fasting blood glucose (FBG)), and serum cal
cium and phosphorus were measured by a biochemical 
automatic analyser (Cobas c702, Roche; Shanghai, China).

Statistical Analysis
All statistical analyses were performed with R statistical 
software (https://www.r-project.org) and Empower Stats 
(http://www.empowerstats.com, X&Y Solutions, Inc. 
Boston MA). Normally distributed variables were expressed 
as the mean ± standard deviation (SD). We investigated the 
relationship between IGF-1 and serum calcium and 

phosphorus levels using a smooth curve fit after adjusting 
for potential confounders. Finally, a multivariate piecewise 
linear regression model was applied to examine the threshold 
association of IGF-1 and serum phosphorus levels. Statistical 
significance was accepted at a two-sided p value <0.05.

Results
Subject Characteristics
The clinical characteristics of all participants are described 
in Table 1. A total of 747 children and adolescents with 
short stature aged 10.23 ± 3.47 years were included in the 
study. The mean IGF-1 SDS of the participants was −0.91 
± 1.23. The mean levels of serum calcium and phosphorus 
were 2.47 ± 0.15 and 1.51 ± 0.20 mmol/L, respectively.

Associations Between IGF-1 and 
Anthropometrical and Biochemical 
Variables
As shown in Table 2, univariate linear regression analysis was 
performed to determine the relationships between clinical 
parameters and IGF-1 SDS. For the unadjusted model, we 
observed a significant positive correlation between serum 
calcium or phosphorus and IGF-1 SDS (p = 0.036, p <0.001, 
respectively). Other variables that remained significantly asso
ciated with IGF-1 SDS were sex, age, weight, BMI SDS, AST, 
Cr, UA, LDL-c, FBG, and puberty stage (p < 0.05). No 
significant association was observed between IGF-1 SDS 
and ALT, BUN, TC, TG or HDL-c (p > 0.05).

Linear Regression Results of Serum 
Calcium and IGF-1 SDS
Smooth curve fitting was performed after adjusting for 
possible confounding factors, including sex, age, bone 
age, puberty stage, weight, BMI SDS, Cr, UA, TC, TG, 
ALT, AST and FBG. As shown in Figure 1A, a linear 
relationship was found between serum calcium levels and 
IGF-1 SDS in participants. Then, adjusted linear regres
sion was performed in Table 3, and the results showed that 
serum calcium was positively associated with IGF-1 SDS 
(β 1.07, 95% CI 0.21, 1.92; p = 0.015).

Independent Correlation Between Serum 
Phosphorus Levels and IGF-1 SDS by 
Multivariate Piecewise Linear Regression
Similarly, smooth curve fitting was performed after adjusting 
for possible confounding factors. As shown in Figure 1B, the 
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participants’ serum phosphorus levels exhibited non-linear 
relationships with IGF-1 SDS, and the resulting curve exhib
ited a two-stage change and a breakpoint. When the serum 

phosphorus value was less than the breakpoint, there was 
a negative relationship between serum phosphorus and IGF-1 
SDS; however, if the value was greater than the breakpoint, 
there was a positive relationship between serum phosphorus 
and IGF-1 SDS.

As shown in Table 3, we further analysed the threshold 
effect based on curve fitting, and the data indicated that the 
inflection point of serum phosphorus was 1.26 mmol/L. 
Specifically, IGF-1 SDS levels decreased with serum phos
phorus when the serum phosphorus level was less than 1.26 
mmol/L, but the difference was not statistically significant 
(β −1.36, 95% CI −3.53, 0.82; p = 0.223). However, when 
the serum phosphorus level was greater than 1.26 mmol/L, 
the IGF-1 SDS increased with the increase in serum phos
phorus (β 1.92, 95% CI 1.36, 2.48; p < 0.001).

Discussion
In this study, we observed a positive correlation between 
serum calcium and IGF-1, and there was a non-linear 

Table 2 Univariate Analysis of Associations with IGF-1 SDS

Variables β (95% CI) p

Age (year) 0.08 (0.06, 0.11) <0.001

Weight (kg) 0.04 (0.03, 0.05) <0.001

BMI SDS 0.17 (0.09, 0.25) <0.001

ALT (U/L) 0.01 (−0.01, 0.02) 0.352

AST (U/L) −0.03 (−0.04, −0.02) <0.001

Cr (µmol/L) 0.03 (0.02, 0.04) <0.001

BUN (µmol/L) −0.01 (−0.09, 0.08) 0.88

UA (µmol/L) 0 (0.00, 0.00) 0.005

TG (mmol/L) 0.23 (−0.04, 0.50) 0.093

TC (mmol/L) −0.12 (−0.25, −0.00) 0.056

HDL-C (mmol/L) −0.3 (−0.64, 0.03) 0.076

LDL-C (mmol/L) −0.18 (−0.34, −0.02) 0.027

FBG (mmol/L) 0.24 (0.10, 0.38) 0.001

Ca (mmol/L) 0.74 (0.05, 1.44) 0.036

P (mmol/L) 1.23 (0.77, 1.69) <0.001

Sex

Male reference

Female −0.43 (−0.64, −0.22) <0.001

Tanner stage

In prepuberty reference

In puberty 1 (0.80, 1.21) <0.001

Note: p <0.05 is considered to be statistically significant. 
Abbreviations: BMI SDS, body mass index standard deviation scores; ALT, alanine 
aminotransferase; AST, aspartate transaminase; Cr, creatinine; BUN, blood urea 
nitrogen; UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting 
plasma glucose; Ca, calcium; P, phosphorus.

Figure 1 Relationship between serum calcium and phosphorus levels and IGF-1 concentration in adolescents. (A) Serum calcium and IGF-1SDS. (B) Serum phosphorus and 
IGF-1 SDS. Adjusted for sex, age, puberty stage, weight, BMI SDS, Cr, UA, TC, TG, ALT, AST, FPG.

Table 3 Threshold Effects of IGF-1SDS with Serum Calcium and 
Phosphorus Were Analyzed Using Piecewise Linear Regression

Variable β (95% CI) p-value

Serum calcium 1.07 (0.21, 1.92) 0.015

Serum phosphorus

<1.26 −1.36 (−3.53, 0.82) 0.223
>1.26 1.92 (1.36, 2.48) <0.001

Notes: Adjustment variables: sex, age, bone age, puberty stage, weight, BMI SDS, 
Cr, UA, TC, TG, ALT, AST, FPG. p<0.05 is considered to be statistically significant.
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relationship between serum phosphorus and IGF-1 SDS in 
children and adolescents with short stature. The turning 
point for serum phosphorus was 1.26 mmol/L. There was 
a positive correlation between serum phosphorus and IGF-1 
SDS when the serum phosphorus concentration was greater 
than 1.26 mmol/L.

Calcium and phosphorus play important roles in many 
biological processes, and studies have shown that they 
may have a positive regulatory role in cell growth and 
proliferation. Calcium is needed for muscle contraction, 
hormone release, blood clotting concatenation and neuro
nal excitation. Phosphorus is involved in the body’s energy 
metabolism, nucleic acid synthesis, and cell signalling 
conduction and cell membrane stabilization. Chad 
H. Stahl et al found that limited calcium and phosphate 
diets reduced stem cell proliferation and subsequent 
growth potential in newborn pigs.24,25 A study by Burak 
toprak et al found that calcium and phosphorus levels in 
cord blood were related to birth size parameters.26 It is 
known that the main “endocrine” function of IGF-1 is to 
broker the growth-promoting effect of pituitary GH.27 

Therefore, the relationship between calcium and phos
phorus and IGF-1 is worth further discussion. One study 
suggested that breast milk stimulates IGF-1 secretion in 
infant mice, and phosphorus insufficiency disables this 
ability and causes dwarfism-like symptoms.28 In an inter
vention study involving 57 boys by C Hoppe et al found 
that ingesting large amounts of milk minerals (Ca and P) 
had no independent effect on IGF-1.29 However, in some 
observational studies on men and women, as the intake of 
multiple minerals increased (including Ca and P), the 
molar ratio of IGF-1 in circulation tended to 
increase.30,31 The reason for the difference may be due to 
the age and nutritional status of the study population.

Analysis of cross-sectional data from the third National 
Health and Nutrition Survey of the National Center for 
Health Statistics in the United States revealed positive 
correlations between serum calcium levels and IGF-1. In 
particular, these associations were observed in people 
aged<60 and non-Hispanic whites.14 The difference 
between our research and theirs is that the population we 
studied is patients with short stature. We also found 
a positive correlation between serum calcium and IGF-1. 
However, our research subjects are all Asian children and 
adolescents with short stature, so there was no further 
stratification analysis according to age and race. At pre
sent, there are few studies on the relationship between 
IGF-1 and serum phosphorus. Several studies on XLH 

have observed that renal phosphate reabsorption and 
increases in serum phosphate levels during GH treatment 
are thought to be mediated by IGF-I.15–17 It is suggested 
that circulating IGF-1 may contribute to the level of serum 
phosphorus, thus meriting further investigation. The main 
clinical finding in patients with XLH is growth failure with 
skeletal deformities. However, short stature caused by 
specific diseases such as skeletal dysplasia has been 
excluded from our research. In our population, we have 
also observed that there is a correlation between phos
phorus and IGF-I. Laura J et al observed that in a model 
of phosphorus-deficient pigs, the levels of IGF-1 message 
and levels of IGFBP3 transcript were increased compared 
with those in phosphorus-adequate groups.32 This is con
trary to our observations of a correlation between serum 
phosphorus and serum IGF-1 and a positive correlation 
after the inflection point. The serum phosphorus levels of 
the patients we included were within the normal range, and 
the population before and after the inflection point was not 
specific. There are more male patients than females in our 
study population. This is similar to some previous 
reports,33–35 considering that men may be more willing 
to seek medical treatment due to social, family values and 
other factors.

The concentration of IGF-1 in children with short 
stature can affect subsequent growth potential. The results 
of this study show that increased levels of serum calcium 
and phosphorus may affect the concentration of IGF-1. 
Although studies have reported that mild elevations of 
serum phosphate in the normal population are associated 
with cardiovascular disease risk,36 there have been no 
reports of children and adolescents with short stature. 
Subsequent studies need to further determine whether 
increasing the serum calcium and phosphorus concentra
tion within the normal range can increase the height ben
efit in children with short stature and simultaneously 
evaluate whether this will have an impact on cardiovascu
lar health. A limitation of this study is that the cross- 
sectional analysis performed in this study did not allow 
us to determine causality. Additionally, calcium and phos
phorus metabolism-related hormones were not evaluated 
in this study. Vitamin D, which is related to calcium and 
phosphorus metabolism, may increase IGF-I concentra
tions by augmenting intestinal calcium absorption, as 
a high-calcium rescue diet has been reported to normalize 
IGF-I levels in vitamin D receptor knockout mice and 
intake of calcium was positively associated with circulat
ing IGF-I in humans.37,38 Nevertheless, we still need to 
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pay attention to the hormone information related to the 
regulation of serum calcium and phosphorus metabolism 
in the future. At the same time, additional research is 
needed to fully elucidate the underlying mechanism of 
the association between serum calcium or phosphorus 
levels and IGF-1.

In conclusion, we described a positive correlation 
between IGF-1 and serum calcium and a non-linear rela
tionship between IGF-1 and serum phosphorus by adjust
ing for potential confounding factors in children and 
adolescents with short stature. This finding suggests that 
serum calcium and phosphorus levels in children and 
adolescents with short stature may affect IGF-1 
concentrations.

Abbreviations
BA, bone age; Height SDS, height standard deviation 
scores; BMI, body mass index; BMI SDS, body mass 
index standard deviation scores; IGF-1, insulin-like 
growth factor-1; IGF-1 SDS, the standard deviation score 
of IGF-1; IGFBP-3, insulin-like growth factor-binding 
protein-3; Ca, calcium; P, phosphorus; FPG, fasting 
plasma glucose; ALT, alanine aminotransferase; AST, 
aspartate transaminase; Cr, creatinine; UA, uric acid; TG, 
triglyceride; TC, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol.
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