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Relationship of insulin-like growth factor 1 and
bone parameters in 7-15 years old apparently,

healthy Indian children

Veena H. Ekbote, Vaman V. Khadilkar, Anuradha V. Khadilkar, Zulf Mughal?!, Shashi A. Chiplonkar,
Sonal A. Palande, Supriya S. Phanse-Gupte, Vivek G. Patwardhan, Dhanashri S. Shilvant

Growth and Endocrine Unit, Hirabai Cowasji Jehangir Medical Research Institute, Jehangir Hospital, Pune, Maharashtra, India, 'Department of
Paediatric Endocrinology, Royal Manchester Children's Hospital, Manchester, M13 9WL, UK

Objective: Growth hormone through insulin-like growth factor 1 (IGF-1) plays an important role in both bone growth and mineralization.
This cross-sectional study was carried out to evaluate the relationship between serum IGF-1 concentrations and dual energy X-ray (DXA)
measured whole body less head bone area (BA), lean body mass (LBM), and bone mineral content (BMC). Methods: One hundred and
nineteen children (boys = 70, age = 7.3—15.6 years) were studied for their anthropometric parameters by standard methods and bone
and body composition by DXA. Their fasting serum IGF-1 concentrations were assessed by enzyme-linked immunosorbent assay and
Z-scores were calculated using available reference data. Bone and body composition parameter Z-scores were calculated using ethnic
reference data. Results: Mean age of the boys and girls was similar (11.5 + 1.8 years). The mean serum IGF-1concentrations and IGF-1
Z-scores were similar (P> 0.1) between boys and girls and were of the order of (302.3 + 140.0 and — 1.4 + 1.1, respectively). The LBM
for age and BA for age Z-score was greater in children with IGF-1 Z-score > median than children with IGF-1 Z-score < median. The
mean BMC for age Z-scores were 0.4 + 0.9 and - 0.2 + 0.8 in children with above and below the median of IGF-1 Z-score (P> 0.1).
Conclusion: Serum IGF-1 levels were more strongly associated with BA and LBM, suggesting that its effect on bone is greater with
respect to periosteal bone acquisition and through its effect on muscle mass.
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INTRODUCTION

Growth hormone (GH) and its physiological mediator,
insulin-like growth factor-1(IGF-1), have a major role in linear
bone growth and accrual of bone mass during childhood
and adolescence. In general, linear growth-promoting
effects of GH appear to depend upon the production of
IGF-1 and perhaps other IGF peptides.! IGF-1 acts on the
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cartilage, stimulating cell proliferation, and the synthesis of
DNA, RNA, protein, and proteoglycans. In muscles, IGF-1
stimulates amino acid, glucose transport and glycogen,
and protein synthesis.”’ IGF-1 is a major component of
the organic skeletal matrix and is the most important
differentiative factor for osteoblasts. Studies carried out
in animal models have shown that IGF-1 can enhance
longitudinal growth, periosteal circumference, and bone
mineral density.”! The relationship of IGF-1 with bone
mass ot bone density has been studied in adults as well as
elderly population. Some researchers have found a positive

association of IGF-1 concentrations with bone density!*”
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and some have not found any relation.*!% In children and
adolescents, few researchers have studied the association of
IGF-1 and serum bone markers and suggested that IGF-1
plays a role in regulating bone turnover.'"* In addition,
IGF-1 exerts a greater effect on height and bone mass
during pubertal years in children.""'*""l However, studies
investigating the relationship of IGF-1 and bone status in
children and adolescents are scarce.

Variation in IGF concentrations between various ethnic
populations has been reported by several researchers.!'¥
Genetic factors are believed to determine 38% of the
variability in serum IGF-1 concentrations."” However,
IGF-1 concentrations are also regulated by nutritional
factors. Both the amount and type of protein in diet have
an effect on IGF-1 concentrations. High protein diets
with adequate calcium intakes are associated with greater
bone mass and fewer fractures.” In a study on normal
Indian children, from birth to 20 yeats, Dehiya ef al*!
reported that IGF-1 concentrations were lower in the study
population compared with their Western counterparts, at
all ages and in both sexes. Various reports have shown that
Indian children’s diets are majorly based on cereal-pulse
combinations, hence, the type and amount of protein, as
well as calcium intake, are suboptimal.

With this background, the objective of this study was
to evaluate the relationship between serum IGF-1
concentrations and dual energy X-ray (DXA) measured
bone and body composition parameters in 7—15-year-old
apparently, healthy children.

METHODS

Sample selection

We studied 119 apparently, healthy school going children
(boys = 70, gitls = 49) in the range of 7-15 years of age
from a school, randomly selected from a list of 20 schools
from Pune, Western Maharashtra, catering to middle
socioeconomic population. This cross-sectional study was
approved by the Institutional Ethics Committee. Children
with a history of fracture or prolonged immobilization
within the past 12 months and any major systemic disease
were excluded. A written informed consent from the
parents and an assent from the children were obtained
before the study.

Anthropometric parameters

Standing height was measured to the nearest millimeter
using a Portable Stadiometer (Leicester Height Meter, Child
Growth Foundation, UK), and weight was measured using
an Electronic scale to the nearest 100 g. The height for
age Z-score (HAZ), weight for age Z-score (WAZ), and

body mass index for age Z-score (BAZ) were calculated
using ethnic reference database.”” Pubertal staging was
performed by a trained pediatric endocrinologist using
Tanner method.**4

Insulin-like growth factor 1 analysis

A fasting blood sample (5 ml) was collected between 7 am
and 9 am in a vacutainer by a trained pediatric nurse. The
serum IGF-1 concentrations were analyzed by a solid phase
enzyme-linked immunosorbent assay with an intra-assay
coefficient of variation (CV) of 4.7% and inter-assay CV of
7.2%. The IGF-1 concentrations were then converted into
Z-scores using available contemporary reference data.”

Bone and body composition parameter assessment

The GE-Lunar DPX PRO (GE Healthcare, Waukesha, W1,
USA) Pencil Beam DXA scanner (software encore 2005
version 9.30.044) was used to measure total body (TB) bone
mineral content (BMC [g]), bone area (BA [cm?]), lean body
mass (LBM [g]), and fat mass (FM [g]). The manufacturer’s
appointed service engineer was requested to review the
calibration data and provide a scanner maintenance check
to ensure the system’s performance before the first child
was scanned, and to confirm that no instrumentation drift
occurred. The machine calibration was performed daily
using the phantom provided by the manufacturer. All
scans were taken and their analysis were performed by the
same operator. The precision of repeat measurements in
children for the DPX PRO was estimated to be 0.98% for
TB BMC, 1.13% for TB BA, 0.74% for TB LBM, and 1.1%
for TB FM from two repeat measurements on 31 children.

Statistical methods

All statistical analyses were performed using SPSS
software (version 16.0. 2007, SPSS Inc., Chicago, IL, USA).
Normality of the data was checked using Kolmogorov—
smirnov test. Differences in means were tested using
Student’s #test.

REesuLts

Anthropometric and biochemical parameters for 119
children and adolescents of age ranging from 7 to
15 years (boys: 70, gitls: 49) are given in Table 1. Differences
in anthropometric parameters of boys and girls were not
significant. Growth parameters of the majority of children
were within the reference range with only 9% and 4% of
children being below —2 for their HAZ, WAZ respectively.
Only 2% of children had BAZ below —2.

Eighteen percent of children were from the age group
of 7-9 years, 46% were in 10-12 years, and 36% were
in 13-15 years. However, for further analysis of data,
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Z-scores of IGF-1 and bone parameters were used, hence,
adjusting for age and gender. The mean IGF-1 for age
Z-scores were similar in boys and gitls [Table 1]. Since there
were no significant differences in the anthropometric and
biochemical parameters between boys and gitls, further
analysis was carried out on the entire group of children.
To study the relationship of IGF-1 and bone and body
composition parameters, children were classified according
to their IGF-1 for age Z-scores above (Group A) and below
median (Group B) (the median IGF-1 Z-score was —1.5).
The IGF-1 Z-scores were also calculated using Indian
reference data.”!! However, the results remain unchanged.
Children from both the groups were in similar pubertal
stages (P> 0.01).

Table 2 presents the bone and body composition parameters
in children. The TB BMC, BA, fat, and LBM were greater in
children from Group A than Group B children. However,
this difference was nonsignificant (P > 0.1).

Further, to adjust for the variation in the bone and body
composition parameters due to age and gender, Z-scores
were calculated using ethnic reference database.*!

Thus, TB BMC for age, TB BA for age, and TB LBM for
age Z-scores were calculated. In addition, bone and body

size approach suggested by Molgaard e# al*" was used to
understand whether the child had low BMC due to low Ht

Table 1: Anthropometric and biochemical characteristics
Boys (n=70) Girls (n=49) All (n=119)

Anthropometric parameters

Age (years) 11.7+1.9 11.3£1.7 11.5+1.8
Height (cm) 142.6+11.7  143.2£10.5 142.9+11.2
Weight (kg) 34.8+11.2 37.3+11.9 35.9+11.5
BMI (kg/m?) 16.8+3.5 17.9+4.1 17.3+3.8
HAZ -0.4+1.1 -0.3+1.1 -0.4%1.1
WAZ -0.4+1.0 -0.3+1.0 -0.5+1.0
BAZ -0.3+1.0 -0.2+1.0 -0.4+1.0
Biochemical parameters
IGF-1 (ng/ml) 296+143.9 310.9+139.6 302.3+140.1
IGF-1 for age Z-score -1.3£1.3 -1.5£0.8 -1.4+11

HAZ: Height for age Z-score, WAZ: Weight for age Z-score, BAZ: BMI for age
Z-score, IGF-1: Insulin-like growth factor 1, BMI: Body mass index

Table 2: Bone and body composition parameters in
children above and below median IGF-1 Z-scores
Parameters

Group A (IGF-1
Z-score >=median)

Group B (IGF-1
Z-score < median)

TB BMC (g) 1491+385.3 1334+232.6
TB BA (cm?) 1605+271.2 1490+199.3
TB LBM (g) 27,400+5168.8 26,000+3822.7
TBF (g) 11,500+7852 10,000+5851.3

Differences between means were not statistically significant (P>0.1). TB BMC: Total
body bone mineral content, TB BA: Total body bone area, TBF: Total body fat,
TB LBM: Total body lean body mass, IGF-1: Insulin-like growth factor 1

Z-score for age (short bones; TB BMC for Ht Z-score),
or whether the child had adequate BA for height (narrow
bones; TB BA for Ht Z-score), and/or adequate BMC
for the BA (light bones; TB BMC for TB BA Z-score).
Further, as suggested by Crabtree e /., to understand
whether LBM (surrogate for muscle mass) was appropriate
for height, and if the child’s bone mass was appropriate
for his or her LBM, TB LBM for height and TB BMC
for TB LBM Z-score was calculated. The bone Z-scores
were then tested for significance of the difference between
Group A and B. The mean TB BA and TB LBM for age
Z-scores were significantly (P < 0.05) greater in children
from Group A (IGF-1 Z-scores > median) than children
from Group B (IGF-1 Z-scores < median). Although
the mean TB BMC was greater in Group A children, the
difference was marginally significant (P < 0.1) [Figure 1].
When children were grouped in Group A (Zmedian) and
B (<median) with the use of IGF-1 Z-scores calculated
with Indian reference data,!! similar trends in bone
Z-scores were found (TB BMC for age: 0.3, —0.1; TB BA
for age: 0.5, —0.2; TB LBM for age: 0.7, —0.02; TB BA for
Ht: —0.1,0.02; TB BMC for BA: —0.6, 0.2; TB LBM for Ht:
0.1, 0.2; TB BMC for TB LBM: —0.4, —0.05, respectively,
for Group A and B).

Further, children from both the groups had their HAZ
above —2, indicating that none of them had short bones
from either of the groups. When the mean TB BA for
height Z-scores were assessed, Group A children showed
better BA for height than Group B children. However, the
BMC for BA (TB BMC for TB BA Z-score) was lower in
children from Group A (IGF-1 Z-scores above median),
indicating that the increase in BA precedes the increase in
BMC with the increase in IGF-1 concentrations during
growth. Similarly, in children from Group A, lower BMC
for their LBM (TB BMC for TB LBM Z-score) was found

OGroup A B Group B

0.8+
0.6 *
0.4+
0.2

Mean Z-score

-0.2 4
0.4
-0.6-

TBBMC TBBA TBLBM HAZ TBBA TBBMC TBLBM TBBMC

for Age for Age for Age forHt  for BA for Ht for
TBLBM

. Molgaard Crabtree

#p< 0.1, *p< 0.05 Approach Approach

Figure 1: Mean bone parameter Z-scores in Group A (IGF Z-score >=median)
and Group B (IGF Z-score <median) children
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as compared to Group B children, indicating the role of
IGF-1 in accumulation of LBM |[Figure 1].

DiscussioN

Results from the present study illustrate the relationship
of IGF-1 concentrations with bone and body composition
parameters in children and adolescents from 7 to 15 years
of age. Our study suggests that children with higher IGF-1
concentrations showed greater muscle mass, BA, and
BMC for age. In addition, it was observed that the BMC
for LBM and BA in children with IGF-1 Z-score above
the median were low as compared to children with IGF-1
Z-score below the median. Since there was no difference
in the pubertal status of children, these results suggest
an independent association of IGF-1 with the LBM
accumulation and increase in BA but not with the BMC.

Studies examining the relationship of IGF-1 and
DXA-measured bone and body composition parameters in
children are scarce. Researchers have studied the relationship
between IGF-1 status and serum bone turnover markers
in children of similar age groups.'""! In line with our
results, Mora ef al. have reported the effect of IGF-1 on
bone mass through an increase in the cross-sectional and
cortical BA in the appendicular skeleton.!"”l Léger ¢7 al. have
demonstrated an association between IGF-1 and serum
bone turnover markers in children independent of the
pubertal stage of the children.!'” Similatly, Kanbur e al.
have speculated that the increase in the bone formation
during puberty may rather be a function of increase in
IGF-1/IGFBP3 ratio than the pubertal stage."'! As seen in
our children, greater LBM reported in children with greater
IGF-1 concentrations was also reported by Alderete e a/™!

Further, protein undernutrition reduces the IGF-1
production and in turn decreases skeletal acquisition during
growth. The stimulation of bone formation in response
to IGF-I is impaired in the presence of an inadequately
low intake of proteins. At the skeletal level, IGF-I exerts
a positive effect on the bone mass by a direct action on
osteogenic cells. At the kidney level, IGF-I enhances the
renal reabsorption of inorganic phosphate (Pi) and the
production of calcitriol, the hormonal form of Vitamin D
that stimulates the intestinal absorption of calcium and Pj,
the two main bone mineral elements.’ Both the level and
type of protein in the diet may have an effect on IGF-1
levels. Studies have found that meat as a protein source
is associated with higher serum levels of IGF-1, which is
in turn associated with increased bone mineralization.”

Although the sample size of this study was small, and
hence data could not be analyzed as per children’s tanner

stages and dietary assessments could not be performed,
the results presented are of importance for understanding
linear growth in children. In summary, our study results
suggest that serum IGF-1 concentrations play an important
role in the accumulation of LBM and BA in children and
adolescents but not in the accrual of BMC to the same
extent. However, further validation of the results with
large sample size is warranted. It is also necessary to study
the modifiable factors affecting the IGF-1 concentrations
such as nutrition, especially amount and type of protein and
consequently formulate strategies to improve the IGF-1
concentrations in Indian children.

CONCLUSION

Serum IGF-1 concentrations were more strongly associated
with the lean body mass accumulation and increase in bone
area than bone mineral content in 7 to 15 years old school
going children.
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