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1  |  INTRODUC TION

Blood pressure is a very important physiological indicator reflecting 
the state of vascular function, and elevated blood pressure is the 
main risk factor for cardiovascular disease (CVD).1,2 Several studies 
have shown that childhood blood pressure status can predict adult 
blood pressure.3,4 In addition, a previous study explored the rele-
vant factors affecting children's blood pressure and found that body 

height and body mass are the key factors determining children's 
blood pressure.5 Many studies focus on the relationship between 
height and blood pressure in adults and have shown increased blood 
pressure with shorter stature.6,7 However, there is increasing ev-
idence that there is also a relationship between height and blood 
pressure in children.8,9 Therefore, these studies suggest that it is 
particularly important to explore blood pressure levels and related 
factors, especially in children and adolescents with short stature.
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Abstract
The relationship between insulin- like growth factor- 1 (IGF- 1) and systolic blood pres-
sure (SBP) is controversial in adults and children. The purpose of this study was to 
investigate the relationship between the IGF- 1 standard deviation score (IGF- 1 SDS) 
and SBP in children with short stature. A cross- sectional analysis including 1315 
children with short stature was conducted from March 2013 to October 2020. We 
estimated IGF- 1, blood pressure and other laboratory tests, and anthropometric in-
dicators were also evaluated. Subgroup analyses of the pubertal stage, sex, growth 
hormone levels, thyroid hormone levels, fasting blood glucose levels, and triglyceride 
levels were performed. A positive association between the IGF- 1 SDS and SBP was 
observed by univariate analysis (p < .001). We further found a nonlinear association 
between the IGF- 1 SDS and SBP. The inflection point for the curve was found at 
an IGF- 1 SDS level of −2.91. In multivariate piecewise linear regression, there was a 
positive association between the IGF- 1 SDS and SBP when the IGF- 1 SDS was greater 
than −2.91 (β 1.56, 95% CI: 0.91, 2.22; p < .001). However, we did not observe a sig-
nificant relationship between the IGF- 1 SDS and SBP when the IGF- 1 SDS level was 
less than −2.91 (β −0.95, 95% CI −3.17, 1.28; p = .379). This association was consistent 
across subgroup analyses. The present study demonstrated that there is a nonlinear 
relationship between the IGF- 1 SDS and SBP in children with short stature. Increased 
serum IGF- 1 levels were associated with elevated SBP when the IGF- 1 levels reached 
the inflection point.
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The growth process of children and adolescents is complex and 
controlled by growth hormone (GH), thyroid hormone, sex hormone, 
and other growth factors.10 As an important growth factor, insulin- 
like growth factor- 1 (IGF- 1) has been proven to be a good biochem-
ical marker for evaluating normal growth and growth disorders.11 In 
addition to promoting bone growth, IGF- 1 can also promote lipolysis 
and improve insulin sensitivity and plays an important role in glu-
cose and lipid metabolism, which is related to the risk of metabolic 
syndrome and CVD.12,13 Furthermore, a study demonstrated that 
polymorphisms in the IGF- 1 gene are associated with the risk of myo-
cardial infarction, strengthening the link between IGF- 1 and CVD.14 
However, there are inconsistent results in this area, with some re-
ports showing a positive correlation between IGF- I levels and car-
diovascular risk factors, while others show a negative correlation, 
particularly with regard to blood pressure.15 This phenomenon may 
be because IGF- 1 not only has functions in microvascular protection 
and vasodilation16,17 but also induces angiogenesis and promotes the 
migration and proliferation of smooth muscle cells in vitro, and the 
overexpression of IGF- I can increase vasoconstriction.18,19

Conflicting reports concerning the relationship between blood 
pressure and IGF- 1 highlight the complexity of understanding the 
vascular function of IGF- 1.20– 25 These findings include positive,20 
negative,21 or neutral22 relationships between blood pressure and 
IGF- 1 in adults. Additionally, in children, inconsistent results for 
blood pressure and IGF- 1 have been reported.23– 25 A neutral23 or 
positive relationship24 was observed between blood pressure and 

IGF- 1 in healthy children. Furthermore, cross- sectional analysis in-
dicates an inverse association between blood pressure and IGF- 1 in 
64 children.25

Previous studies have reported the relationship between IGF- 1 
and blood pressure in different populations, including patients with 
hypertension or diabetes, hemodialysis patients, and healthy indi-
viduals.26– 29 However, there is limited research on IGF- 1 and blood 
pressure in children with short stature, who are more likely to de-
velop CVD. The purpose of this study was to explore the relationship 
between IGF- 1 and blood pressure in Chinese children with short 
stature.

2  |  METHODS

2.1  |  Study participants

The subjects of this study were patients who visited the Endocrine 
Department of the Affiliated Hospital of Jining Medical University 
between March 2013 and October 2020 due to their short stature. 
The study was conducted among 1315 children, 912 males and 403 
females, with an average age of 10.4 ± 3.6 years. Participants whose 
height was more than two standard deviations (SD) lower than the 
average of the same race, age, and sex were included in the study. 
Subjects with chronic diseases, with skeletal dysplasia, with thyroid 
dysfunction, small for gestational age and with other known causes 

F I G U R E  1  Flow chart of the study 
population
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of short stature, including Noonan syndrome and Turner syndrome 
or subjects who have received either GH or antihypertensive treat-
ment, were all excluded from this analysis. The flow chart of the 
study selection process is shown in Figure 1.

Ethics approval was obtained from the Ethics Committee of the 
Affiliated Hospital of Jining Medical University. All procedures were 
carried out in accordance with the moral standards of the Helsinki 
Declaration. We obtained written informed consent from the guard-
ians representing our study participants.

2.2  |  Anthropometric measurements

Anthropometric measurements for the study were performed in a 
quiet and warm room using standard anthropometric procedures. A 
stadiometer (Nantong Best Industrial Co, Ltd.) was used to measure 
height to the nearest 0.1 cm. Each child stands barefoot on the plat-
form of the height meter. The heel, sacrum and both shoulder blades 
are close to the column of the height meter, and the horizontal board 
of the height meter is up at the top of the child's head. For the weight 
measurement, the children wore light clothes and were barefoot; each 
child stood naturally in the center of the weight measurement plate 
and maintained a stable body position, and an electronic scale (Wuxi 
Weigher Factory Co, Ltd.), accurate to 0.1 kg, measured his or her 
weight. The standard deviation scores (SDS) of height and BMI were 
calculated according to the values of normal Chinese children.30,31

Puberty was assessed by professional physicians. Pubertal 
breast development in girls was evaluated by examination combined 
with palpation; in boys, the volume of the testicles is determined 
by palpation and testicular meter— that is, the testis is palpated and 
compared with the most similar bead on the orchid meter. Tanner 
stage was used to evaluate the sexual development of children.32 
Pubertal development was classified as follows: prepubertal: Tanner 
1; early pubertal: Tanner 2– 3; late pubertal: Tanner 4– 5.

After 10 min of sedentary rest, clothing that covered the cuff was 
removed. The right arm blood pressure was measured three times 
using an electronic sphygmomanometer (Omron HBP- 1300). The 
cuff size was based on the length and circumference of the upper 
arm and was chosen to be as large as possible without having the 
elbow skin crease obstruct the stethoscope.33 The average of the 
three measurements was used for statistical analysis. The criteria for 
hypertension followed the age-  and sex- specific blood pressure ref-
erence standard for Chinese children and adolescents. Hypertension 
was defined as an average systolic blood pressure (SBP) and/or dia-
stolic blood pressure (DBP) ≥ 95th percentile for sex and age.34 The 
mean arterial pressure (MAP) was calculated as DBP plus one- third 
of the pulse pressure.

2.3  |  Laboratory measurements

Overnight fasting blood samples were collected from all children for 
measuring laboratory parameters. Serum IGF- 1 concentrations were 

measured by a chemiluminescence assay (DPC IMMULITE 1000 
analyzer; SIEMENS) that had intra-  and interassay CVs of 3.0% and 
6.2%, respectively. Two stimulating tests were performed for GH 
(500 mg of levodopa for those weighing more than 30 kg or 250 mg 
of levodopa for those weighing <30 kg, orally, and 0.1 U/kg of in-
sulin, subcutaneously). Blood samples were collected 0, 30, 60, 90, 
and 120 min after administration to obtain serum GH concentra-
tions at each time point. A chemiluminescence method was used 
to assess the GH concentration (ACCESS2; Beckman Coulter). The 
intra-  and interassay CVs were 3.5% and 5.8%, respectively. Thyroid 
function, including free triiodothyronine (FT3), free thyroxine (FT4), 
and thyroid stimulating hormone (TSH), was tested using a lumines-
cence immunoassay system (Cobas e602, Roche). Fasting plasma 
glucose (FPG), triglycerides (TG), total cholesterol (TC), high- density 
lipoprotein- cholesterol (HDL- C), and low- density lipoprotein- 
cholesterol (LDL- C) were analyzed by an autobiochemical analyzer 
(Cobas c702, Roche). For the reliability of the study, the IGF- 1 SDS 
was calculated using the reference values of healthy children of the 
same age and sex.35

2.4  |  Statistical analysis

Continuous variables are presented as the mean ± standard devia-
tion or median (interquartile range). Categorical variables are dis-
played as numbers and percentages. Univariate analysis and multiple 
regression analysis were used to explore the relationship between 
the IGF- 1 SDS and SBP. Then, to detect nonlinear associations be-
tween the IGF- 1 SDS and SBP, smooth curve fitting was conducted. 
Smooth curve fitting was also used to analyze the relationship 
between IGF- 1 and DBP, MAP and hypertension, and subgroup 
analysis of IGF- 1 and SBP. Finally, a multivariate piecewise linear re-
gression was further applied to estimate the threshold association 
of the IGF- 1 SDS and SBP according to the smoothing plot. The log 
likelihood ratio test was also performed to compare the one- line lin-
ear regression model with a two- piecewise linear model to exam-
ine the statistical significance. A two- sided p < .05 was considered 
statistically significant in all analyses. Statistical analysis was per-
formed with R 3.6.1 (https://www.R- proje ct.org) and EmpowerStats 
(https://www.empow ersta ts.com; X&Y Solutions, Inc).

3  |  RESULTS

3.1  |  General characteristics of the study 
population

In total, 1315 eligible subjects (912 males and 403 females) 
were identified. The general characteristics of the study sub-
jects are summarized in Table 1. The mean age of the patients 
was 10.4 ± 3.6 years. The mean height SDS of the children was 
−2.89 ± 0.73. Of the study population, 868 (66.01%) subjects were 
prepubescent. The median IGF- 1 SDS and mean SBP levels were 

https://www.R-project.org
https://www.empowerstats.com
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−0.99 (−1.79 to −0.14) and 105.30 (12.01) mmHg, respectively. 
One hundred twenty- nine (9.81%) of the subjects had hyperten-
sion in the present study.

3.2  |  Factors associated with SBP of the 
study population

In univariate analysis, the association between clinical parame-
ters and SBP was determined. As shown in Table 2, we observed 

a significant positive association between the IGF- 1 SDS and SBP 
(p < .001). In addition, other variables, including age, height SDS, 
weight, BMI SDS, FPG, TG, FT3, and puberty stage, remained posi-
tively associated with SBP (all p < .05), whereas the relationship 
between sex, FT4, and SBP was negative (p < .05). However, the re-
lationships between SBP and TC, LDL- C, HDL- C, peak GH, TSH, and 
heart rate (HR) were not significant in the study (all p > .05).

3.3  |  The results of nonlinearity of the IGF- 1 
SDS and SBP

In the present study, smooth curve fitting was conducted to analyze 
the nonlinear relationship between the IGF- 1 SDS and SBP. The re-
sults showed that the relationship between the IGF- 1 SDS and SBP 
was nonlinear after adjusting for potential confounding factors, in-
cluding age, sex, BMI, HR, TG, FPG, peak GH, FT3, FT4, TSH, and pu-
bertal stage. An inflection point was observed in the present study, 
indicating two stages of change between the IGF- 1 SDS and SBP 
(Figure 2). Furthermore, a one- linear regression and two- piecewise 

TA B L E  1  Clinical and biochemical characteristics

All

Number 1315

Sex (male %) 912 (69.35%)

Age (years) 10.4 ± 3.6

Height (cm) 125.71 ± 17.79

Height SDS −2.89 ± 0.73

Body weight (kg) 27.80 ± 11.32

BMI (kg/m2) 17.87 ± 3.50

BMI SDS 0.04 (−0.80 to 0.95)

IGF- 1 (ng/ml) 168.00 (98.18– 252.00)

IGF- 1 SDS −0.99 (−1.79 to −0.14)

SBP (mmHg) 105.30 ± 12.01

DBP (mmHg) 62.42 ± 8.57

FPG (mmol/L) 4.75 ± 0.62

TG (mmol/L) 0.75 ± 0.42

TC (mmol/L) 3.86 ± 0.73

HDL- C (mmol/L) 1.39 ± 0.30

LDL- C (mmol/L) 2.10 ± 0.59

HR (bpm) 90.28 ± 12.41

Peak GH (ng/ml) 6.96 (4.66– 10.76)

FT3 (pmol/L) 6.41 ± 1.05

FT4 (pmol/L) 17.49 ± 2.70

TSH (mIU/L) 2.94 ± 1.37

Hypertension

No 1186 (90.19%)

Yes 129 (9.81%)

Pubertal stage

Prepubertal (%) 868 (66.01%)

Early pubertal (%) 422 (32.09%)

Late pubertal (%) 25 (1.90%)

Note: Continuous variables are presented as the mean ± standard 
deviation or median (interquartile range). Categorical variables are 
displayed as number (percentage).
Abbreviations: BMI SDS, body mass index standard deviation scores; 
DBP, diastolic blood pressure; FPG, fasting plasma glucose; FT3, free 
triiodothyronine; FT4, free thyroxine; GH, growth hormone; HDL- C, 
high density lipoprotein- cholesterol; Height SDS, height standard 
deviation scores; HR, heart rate; IGF- 1 SDS, insulin like growth factor- 1 
standard deviation scores; LDL- C, low density lipoprotein cholesterol; 
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; 
TSH, thyrotrophic hormone.

TA B L E  2  Association between SBP and different variables

Variables β (95% CI) p Value

Age (years) 1.52 (1.36, 1.68) <.001

Height SDS 1.06 (0.28, 1.84) .008

Body weight (kg) 0.57 (0.52, 0.62) <.001

BMI SDS 0.69 (0.18, 1.19) .009

IGF- 1 SDS 2.26 (1.77, 2.76) <.001

FPG (mmol/L) 2.36 (1.29, 3.44) <.001

TG (mmol/L) 3.50 (1.89, 5.12) <.001

TC (mmol/L) −0.07 (−0.99, −0.85) .889

HDL- C (mmol/L) −1.49 (−3.76, 0.79) .201

LDL- C (mmol/L) −0.09 (−1.24, 1.07) .882

HR ((bpm) 0.01 (−0.05, 0.06) .815

Peak GH (ng/ml) 0.05 (−0.07, 0.16) .406

FT3 (pmol/L) 0.96 (0.33, 1.58) .003

FT4 (pmol/L) −0.55 (−0.79, −0.30) <.001

TSH (mIU/L) −0.19 (−0.67, 0.29) .435

Sex

Male Reference

Female −4.09 (−5.48, −2.69) <.001

Pubertal stage

Prepubertal (%) Reference

Early pubertal (%) 8.57 (7.25, 9.88) <.001

Late pubertal (%) 13.09 (8.62, 17.57) <.001

Note: p < .05 is considered to be statistically significant.
Abbreviations: BMI SDS, body mass index standard deviation scores; 
FPG, fasting plasma glucose; FT3, free triiodothyronine; FT4, free 
thyroxine; GH, growth hormone; HDL- C, high density lipoprotein- 
cholesterol; Height SDS, height standard deviation scores; HR, heart 
rate; IGF- 1 SDS, insulin like growth factor- 1 standard deviation scores; 
LDL- C, low density lipoprotein cholesterol; SBP, systolic blood pressure; 
TC, total cholesterol; TG, triglyceride; TSH, thyrotrophic hormone.
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linear regression were performed to determine the best fit model 
according to p for the log likelihood ratio test.

As shown in Table 3, in the one- linear regression, we observed 
that the IGF- 1 SDS was independently positively associated with SBP 
after adjusting for confounding variables (β 1.22, 95% CI 0.66, 1.78; 
p < .001). Using two- piecewise linear regression, the results revealed 
that the inflection point of the IGF- 1 SDS was −2.91. Specifically, 
there was a significant positive association between the IGF- 1 SDS 
and SBP when the IGF- 1 SDS was greater than −2.91 (β 1.56, 95% 
CI: 0.91, 2.22; p < .001). However, a significant relationship between 
the IGF- 1 SDS and SBP was not observed when the level of the IGF- 1 
SDS was lower than −2.91 (β −0.95, 95% CI −3.17, 1.28; p = .379). The 
differential linear regression and piecewise linear regression were 
evaluated by the log likelihood ratio test. A value of p less than .05 
means that a piecewise linear function is more suitable for obser-
vation; otherwise, the linear function is better. The results showed 
that the p for the log likelihood ratio test was less than .05 (p = .048); 
therefore, the two- piecewise linear regression for fitting the associ-
ation between the IGF- 1 SDS and SBP can accurately represent the 
relationship.

Subgroup analysis assessed the relationship between IGF- 1 and 
SBP by smooth curve fitting according to the puberty stage, sex, 
GH levels, thyroid hormone (including FT3, FT4, and TSH) levels, 
FPG levels, and TG levels in additional files: (Figures S1– S5). The as-
sociation between IGF- 1 and SBP was consistent across subgroup 
analyses.

4  |  DISCUSSION

The present study demonstrated a significant positive relationship 
between the IGF- 1 SDS and SBP in children with short stature. 
Interestingly, we further explored the nonlinear relationship be-
tween the IGF- 1 SDS and SBP. More specifically, there was a positive 
relationship between the IGF- 1 SDS and SBP when the IGF- 1 SDS 
was greater than −2.91, whereas a significant relationship between 
the IGF- 1 SDS and SBP was not observed when the level of the IGF- 1 
SDS was lower than −2.91.

The present study suggested that SBP increases with increasing 
IGF- 1 in children with short stature. Among adults, there is conflict-
ing evidence about whether high IGF- I levels can have a protective 
or detrimental effect on blood pressure.12,15 Inconsistent results for 
blood pressure and IGF- 1 have also been reported in children.23– 25 
A previous study found that the association between IGF- 1 and SBP 
was not significant in healthy children early in life.23 In addition, 
Sesso and colleagues25 conducted a cross- sectional analysis in 64 
children and observed that IGF- 1 was negatively associated with 
SBP. The sample size of this study was small, and only correlation 
analysis was performed without adjusting for confounding factors. 
Our findings are consistent with the results of a recently reported 
study,24 a prospective longitudinal study conducted in a primary 
care facility of 521 children in Girona, which showed that IGF- 1 is 
positively associated with SBP. These conflicting results may be at-
tributed to differences in population characteristics, sample size, 
and confounder adjustment. Importantly, these studies explored 
only the linear relationship between IGF- 1 and SBP and did not fur-
ther investigate the nonlinear relationship between IGF- 1 and SBP.

F I G U R E  2  The relationship between the IGF- 1 SDS and SBP by 
smooth curve fitting. Adjustment variables: age, sex, BMI, HR, TG, 
FPG, peak GH, FT3, FT4, TSH, and pubertal stage. BMI, body mass 
index; FPG, fasting plasma glucose; FT3, free triiodothyronine; FT4, 
free thyroxine; GH, growth hormone; HR, heart rate; IGF- 1 SDS, 
insulin- like growth factor- 1 standard deviation score; SBP, systolic 
blood pressure; TG, triglyceride; TSH, thyroid stimulating hormone

TA B L E  3  Threshold effect analysis for the relationship between 
the IGF- 1 SDS and SBP

Models

SBP

Adjusted β (95% CI) p Value

Model I

One line slope 1.22 (0.66, 1.78) <.001

Model II

Turning point −2.91

<−2.91 slope 1 −0.95 (−3.17, 1.28) .379

>−2.91 slope 2 1.56 (0.91, 2.22) <.001

LRT test 0.048

Note: Model I, linear analysis; Model II, non- linear analysis. LRT test, 
logarithmic likelihood ratio test. (p- value < .05 means Model II is 
significantly different from Model I, which indicates a non- linear 
relationship); Adjustment variables: age, sex, BMI, HR, TG, FPG, peak 
GH, FT3, FT4, TSH, and pubertal stage. p < .05 is considered to be 
statistically significant.
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; FT3, 
free triiodothyronine; FT4, free thyroxine; GH, growth hormone; HR, 
heart rate; IGF- 1 SDS, insulin like growth factor- 1 standard deviation 
scores; SBP, systolic blood pressure; TG, triglyceride; TSH, thyrotrophic 
hormone.
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In the present study, we further observed the nonlinear relation-
ship between IGF- 1 and SBP by smoothing curve fitting. When the 
level of the IGF- 1 SDS exceeds a certain range, the relationship be-
tween IGF- 1 and SBP is significant. This is consistent with a previous 
report that the relationship between IGF- 1 and SBP is due to high 
levels of IGF- 1,15,24 but in their study, they did not obtain the range 
of IGF- 1 levels. Our study shows that when the level of the IGF- 1 
SDS is greater than −2.91, there is a positive association between 
IGF- 1 and SBP in children and adolescents with short stature. The 
potential mechanism of this phenomenon may be that overexpres-
sion of IGF- 1 in vascular smooth muscle cells leads to an increase in 
vascular contractility,18 while low IGF- 1 concentration may lead to 
loss of the anti- inflammatory and endothelial protective functions 
of IGF- 1.15 Additionally, the lower proportion of bioavailable IGF- 1, 
which controls microcirculation and vascular resistance, and lower 
bioavailability of GH, which controls muscle mass, likely cause the 
relative thinning of microcirculation, which is the cause of hyper-
tension in children who rapidly gain muscle mass.36,37 These results 
support that the increase of BP in growing children and adolescents 
may be due to the increase in the GH level, which overbalances the 
available IGF- 1 level.38 Under these conditions, IGF- 1 may not be 
sufficient to provide sufficient distal angiogenesis for increased 
muscle mass, leading to hypertension. However, when the level of 
the IGF- 1 SDS is greater than −2.91, the possible mechanism of the 
increase in SBP requires further study.

Height is significantly associated with pulse wave velocity and 
blood pressure.6– 9,39 Thus, the underlying mechanisms mediating 
the effects of IGF- 1 on SBP are complex. As a growth factor, GH/
IGF- 1 is also involved in the regulatory action of the development 
of the heart and maintenance of its structure. GH/IGF- 1 can also 
cause fluid retention and an increased plasma volume, which may 
affect blood pressure and heart geometry.40 Additionally, shorter 
individuals have poor hemodynamics because the early appearance 
of systolic reflections causes aortic stiffness.41 Furthermore, in addi-
tion to the increased SBP due to reflected waves and arteriosclerosis 
in shorter people, another potential height- related effect is the hy-
drostatic force exerted by the blood column extending between the 
middle brachial artery and brain.42 Therefore, more attention should 
be given to the blood pressure level of children with short stature.

According to the hypertension guidelines, when considered 
separately, higher SBP and DBP are associated with an increased 
risk of CVD. However, higher SBP is consistently associated with 
an increased risk of CVD after adjusting or stratifying DBP. By con-
trast, the association between DBP and CVD risk was not consistent 
after adjustment or stratification for SBP.33 Therefore, we mainly 
analyzed the relationship between IGF- 1 and SBP. Additionally, 
we analyzed the relationship between IGF- 1 and DBP and MAP 
(Figures S6), and the result trends were consistent. Several studies 
have shown that the childhood blood pressure status can predict 
adult blood pressure3,4 and that childhood hypertension is asso-
ciated with hypertension during adulthood, and thus, a long- term 
prospective of cardiovascular health. Therefore, we analyzed IGF- 1 

and hypertension (Figures S7) and found that the result trends were 
consistent.

Serum IGF- 1 levels fluctuate throughout life. The IGF- 1 level in 
childhood increases with age, reaches its peak in adolescence, and 
then decreases with age throughout adulthood.43 To increase the 
accuracy and reliability of the study results, IGF- 1 was standardized 
in our analysis, that is, the IGF- 1 SDS was used. In a recently re-
ported longitudinal study with 521 children aged 8.8 ± 0.1 years in 
north- eastern Spain, a positive association was observed between 
IGF- 1 and SBP20; however, although the authors adjusted for age 
and sex, this did not protect against IGF- 1 fluctuations.

The main strength of our study was that we explored the rela-
tionship between IGF- 1 and SBP in a large sample size of children 
with short stature. The incidence of short stature in China is approx-
imately 3%,44 and in this population, there is a greater risk of cardio-
vascular and blood pressure problems. In addition, the present study 
revealed a nonlinear relationship between IGF- 1 and SBP rather 
than the simple linear relationship obtained by previous studies. 
Another major strength of our study is that the IGF- 1 SDS is used to 
analyze the relationship between IGF- 1 and SBP, which can increase 
the accuracy and reliability of our study.

On the other hand, several potential limitations of the present 
study should also be considered. First, the nature of the cross- 
sectional analysis of the present study does not allow us to infer cau-
sality. Second, in this study, a nonlinear relationship between IGF- 1 
and SBP was found in children with short stature. This result may 
not be applicable to other populations, and there may be different 
relationships between IGF- 1 and SBP in other populations, which is 
worthy of further investigation. Finally, further investigation is nec-
essary to follow up on the IGF- 1 SDS and SBP changes to determine 
whether this relationship remained or changed after GH treatment.

5  |  CONCLUSION

In conclusion, the present study identified that there is a nonlinear 
relationship between the IGF- 1 SDS and SBP in children with short 
stature. Increased serum IGF- 1 levels were associated with elevated 
SBP when the IGF- 1 levels reached the inflection point. The results 
will contribute to understanding the relationship between IGF- 1 and 
SBP in children with short stature.

ACKNOWLEDG EMENTS
The authors thank all the staff members at our institution.

CONFLIC T OF INTERE S T
There are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Q. Z performed the studies and drafted the manuscript. M. Z. re-
vised the manuscript. Y. C. helped with the statistical analysis. H. 
S. interpreted the data for the study. B. B. participated in the study 



1118  |    ZHAO et Al.

concept and design, revising it critically for important intellectual 
content and final approval of the published version. All the authors 
read and approved the final manuscript.

ORCID
Bo Ban  https://orcid.org/0000-0002-3950-1422 

R E FE R E N C E S
 1. Oras P, Häbel H, Skoglund PH, Svensson P. Elevated blood pressure 

in the emergency department: a risk factor for incident cardiovas-
cular disease. Hypertension. 2020;75(1):229- 236.

 2. Yang WY, Melgarejo JD, Thijs L, et al. Association of office and 
ambulatory blood pressure with mortality and cardiovascular out-
comes. JAMA. 2019;322:409- 420.

 3. Miersch A, Vogel M, Gausche R, et al. Blood pressure tracking in 
children and adolescents. Pediatr Nephrol. 2013;28:2351- 2359.

 4. Chen X, Wang Y. Tracking of blood pressure from childhood to 
adulthood: a systematic review and meta- regression analysis. 
Circulation. 2008;117:3171- 3180.

 5. Voors AW, Webber LS, Frerichs RR, Berenson GS. Body height and 
body mass as determinants of basal blood pressure in children– The 
Bogalusa heart study. Am J Epidemiol. 1977;106:101- 108.

 6. Bourgeois B, Watts K, Thomas DM, et al. Associations between 
height and blood pressure in the United States population. Medicine. 
2017;96:e9233.

 7. Korhonen PE, Kautiainen H, Eriksson JG. The shorter the person, 
the higher the blood pressure: a birth cohort study. J Hypertens. 
2017;35:1170- 1177.

 8. Mourato FA, Mattos SS, Lima FJ, Mourato MF, Nadruz WJ. Height- 
based equations can improve the diagnosis of elevated blood pres-
sure in children. Am J Hypertens. 2018;31:1059- 1065.

 9. Fujita Y, Kouda K, Nakamura H, Nishio N, Takeuchi H, Iki M. 
Relationship between height and blood pressure in Japanese 
schoolchildren. Pediatr Int. 2010;52:689- 693.

 10. Murray PG, Clayton PE. Endocrine control of growth. Am J Med 
Genet C Semin Med Genet. 2013;163C:76- 85.

 11. Rosenfeld RG, Wilson DM, Lee PD, Hintz RL. Insulin- like growth 
factors I and II in evaluation of growth retardation. J Pediatr. 
1986;109:428- 433.

 12. Aguirre GA, González- Guerra JL, Espinosa L, Castilla- Cortazar 
I. Insulin- like growth factor 1 in the cardiovascular system. Rev 
Physiol Biochem Pharmacol. 2018;175:1- 45.

 13. Aguirre GA, De Ita JR, de la Garza RG, Castilla- Cortazar I. Insulin- 
like growth factor- 1 deficiency and metabolic syndrome. J Transl 
Med. 2016;14(1):3.

 14. Aoi N, Nakayama T, Soma M, et al. Association of the insulin- like 
growth factor1 gene with myocardial infarction in Japanese sub-
jects. Hereditas. 2010;147:215- 224.

 15. Schutte AE, Volpe M, Tocci G, Conti E. Revisiting the relation-
ship between blood pressure and insulin- like growth factor- 1. 
Hypertension. 2014;63:1070- 1077.

 16. Gatenby VK, Kearney MT. The role of IGF- 1 resistance in obesity 
and type 2 diabetes- mellitus- related insulin resistance and vascular 
disease. Expert Opin Ther Targets. 2010;14:1333- 1342.

 17. Conti E, Carrozza C, Capoluongo E, et al. Insulin- like 
growth factor- 1 as a vascular protective factor. Circulation. 
2004;110:2260- 2265.

 18. Zhao G, Sutliff RL, Weber CS, et al. Smooth muscle- targeted over-
expression of insulin- like growth factor I results in enhanced vascu-
lar contractility. Endocrinology. 2001;142:623- 632.

 19. Pfeifle B, Hamann H, Fussganger R, Ditschuneit H. Insulin as a 
growth regulator of arterial smooth muscle cells: effect of insulin of 
I.G.F.I. Diabet Metab. 1987;13:326- 330.

 20. Fedrizzi D, Rodrigues TC, Costenaro F, Scalco R, Czepielewski MA. 
Hypertension- related factors in patients with active and inactive 
acromegaly. Arq Bras Endocrinol Metabol. 2011;55:468- 474.

 21. Capoluongo E, Pitocco D, Lulli P, et al. Inverse correlation between 
serum free IGF- I and IGFBP- 3 levels and blood pressure in patients 
affected with type 1 diabetes. Cytokine. 2006;34:303- 311.

 22. Colao A, Terzolo M, Bondanelli M, et al. GH and IGF- I excess 
control contributes to blood pressure control: results of an ob-
servational, retrospective, multicentre study in 105 hypertensive 
acromegalic patients on hypertensive treatment. Clin Endocrinol. 
2008;69:613- 620.

 23. Patel L, Whatmore A, Davies J, et al. Circulating insulin- like growth 
factor- binding protein 3 levels, independent of insulin- like growth 
factor 1, associate with truncal fat and systolic blood pressure in 
South Asian and white European preschool children. Horm Res 
Paediatr. 2014;81:109- 117.

 24. Xargay- Torrent S, Dorado- Ceballos E, Benavides- Boixader A, et al. 
Circulating IGF- 1 independently predicts blood pressure in children 
with higher calcium- phosphorus product levels. J Clin Endocrinol 
Metab. 2020;105(3):e610- e618.

 25. Sesso R, Franco MC. Abnormalities in metalloproteinase pathways 
and IGF- I axis: a link between birth weight, hypertension, and vas-
cular damage in childhood. Am J Hypertens. 2010;23:6- 11.

 26. Nindl BC, Santtila M, Vaara J, Hakkinen K, Kyrolainen H. 
Circulating IGF- I is associated with fitness and health outcomes 
in a population of 846 young healthy men. Growth Horm IGF Res. 
2011;21:124- 128.

 27. Abdulle AM, Gillett MP, Abouchacra S, et al. Low IGF- 1 levels are 
associated with cardiovascular risk factors in haemodialysis pa-
tients. Mol Cell Biochem. 2007;302:195- 201.

 28. Sesti G, Sciacqua A, Cardellini M, et al. Plasma concentration of 
IGF- I is independently associated with insulin sensitivity in sub-
jects with different degrees of glucose tolerance. Diabetes Care. 
2005;28:120- 125.

 29. Andronico G, Mangano MT, Nardi E, Mulè G, Piazza G, Cerasola G. 
Insulin- like growth factor 1 and sodium- lithium countertransport in 
essential hypertension and in hypertensive left ventricular hyper-
trophy. J Hypertens. 1993;11:1097- 1101.

 30. Li H, Ji CY, Zong XN, Zhang YQ. Body mass index growth curves 
for Chinese children and adolescents aged 0 to 18 years. Chinese J 
Pediatr. 2009;47:493- 498.

 31. Li H, Ji CY, Zong XN, Zhang YQ. Height and weight standardized 
growth charts for Chinese children and adolescents aged 0 to 18 
years. Chinese J Pediatr. 2009;47:487- 492.

 32. Wright CM, Ahmed L, Dunger DB, Preece MA, Cole TJ, Butler G. 
Can we characterise growth in puberty more accurately? Validation 
of a new Puberty Phase Specific (PPS) growth chart. Arch Dis Child. 
2012;97:A100.

 33. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the 
prevention, detection, evaluation, and management of high blood 
pressure in adults: a report of the American college of cardiology/
American heart association task force on clinical practice guide-
lines. Hypertension. 2018;71:e13- e115.

 34. Mi J, Wang TY, Meng LH. Development of blood pressure reference 
standards for Chinese children and adolescents. Chin J Evid Based 
Pediatr. 2010;5:4- 14.

 35. Isojima T, Shimatsu A, Yokoya S, et al. Standardized centile curves 
and reference intervals of serum insulin- like growth factor- I (IGF- 
I) levels in a normal Japanese population using the LMS method. 
Endocr J. 2012;59:771- 780.

 36. Ayuk J, Clayton RN, Holder G, Sheppard MC, Stewart PM, 
Bates AS. Growth hormone and pituitary radiotherapy, but not 
serum insulin- like growth factor- I concentrations, predict excess 
mortality in patients with acromegaly. J Clin Endocrinol Metab. 
2004;89:1613- 1617.

https://orcid.org/0000-0002-3950-1422
https://orcid.org/0000-0002-3950-1422


    |  1119ZHAO et Al.

 37. Jiang X, Srinivasan SR, Dalferes EJ, Berenson GS. Plasma insulin- like 
growth factor 1 distribution and its relation to blood pressure in ado-
lescents: the Bogalusa Heart Study. Am J Hypertens. 1997;10:714- 719.

 38. Arosio M, Reimondo G, Malchiodi E, et al. Predictors of morbid-
ity and mortality in acromegaly: an Italian survey. Eur J Endocrinol. 
2012;167:189- 198.

 39. Silva AB, Capingana DP, Magalhães P, Molina MC, Baldo MP, Mill 
JG. Predictors and reference values of pulse wave velocity in pre-
pubertal angolan children. J Clin Hypertens. 2016;18:725- 732.

 40. Colao A, Marzullo P, Di Somma C, Lombardi G. Growth hormone 
and the heart. Clin Endocrinol. 2001;54:137- 154.

 41. Smulyan H, Marchais SJ, Pannier B, Guerin AP, Safar ME, London 
GM. Influence of body height on pulsatile arterial hemodynamic 
data. J Am Coll Cardiol. 1998;31:1103- 1109.

 42. Arvedsen SK, Damgaard M, Norsk P. Body height and blood pres-
sure regulation in humans during anti- orthostatic tilting. Am J 
Physiol Regul Integr Comp Physiol. 2012;302:R984- R989.

 43. Argente J, Barrios V, Pozo J, et al. Normative data for insulin- like 
growth factors (IGFs), IGF- binding proteins, and growth hormone- 
binding protein in a healthy Spanish pediatric population: age-  and 
sex- related changes. J Clin Endocrinol Metab. 1993;77:1522- 1528.

 44. Wang Q, Liu DY, Yang LQ, Liu Y, Chen XJ. The epidemic characteris-
tics of short stature in school students. Ital J Pediatr. 2015;41(1):1- 6.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Zhao Q, Zhang M, Chu Y, Sun H, 
Ban B. Association between insulin- like growth factor- 1 and 
systolic blood pressure in children and adolescents with short 
stature. J Clin Hypertens. 2021;23:1112– 1119. https://doi.
org/10.1111/jch.14249

https://doi.org/10.1111/jch.14249
https://doi.org/10.1111/jch.14249

