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Introduction: Insulin-like growth factor (IGF)-1 is one of the hormones that plays a role in the

growth of adolescent girls. Its level will rise at puberty and begin to decline at the end of puberty.
High IGF-1 levels in adult is associated with the incidence of breast cancer. This study aims to
know the level of IGF-1 and investigates its relationship with dietary intake, nutritional status, and
physical activity of adolescent girls aged 13—15 in Jakarta.

Methods: This cross-sectional study used secondary data from a previous study (titled
"Determinant Factor Levels of Estradiol, IGF-1, and Early Menarche in Adolescent Girls Aged 13-15
in Jakarta: Nutritional Epidemiology Study Related to Breast Cancer Risk Factors") and primary
data from stored blood serum to measure IGF-1 levels by colorimetric method. The secondary
data such as dietary intake, anthropometric data, and physical activities were obtained from 178
subjects with a total population sampling method.

Results: There was a positive correlation between IGF-1 levels and carbohydrate intake (p=0.041,
r=0.153) and a negative correlation between IGF-1 levels and fat intake (p=0.042, r=-0.152). No
correlation between IGF-1 and body mass index was found, but there was a tendency that IGF-1
values would increase in overweight and decrease in obesity. IGF-1 levels have nonlinear pattern
by carbohydrates intake, fat intake and nutritional status.

Conclusion: The adolescent girls should maintain their nutritional status by maintaining diet,
choosing the right and balanced foods, as well as increasing physical activities.
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Introduction

Adolescence is a transition period when a child
grows and develops into adult. There is a growth
spurt in adolescent girls beginning on average at 9—
10 years old." During growth spurt, these will
occur: fast and intense increases in height, changes
in body composition which causes weight gain,
reproductive  organ and secondary sexual
characteristic development, and changes in the
circulatory and respiratory system.” Dramatically
changes in the body of adolescent girls are the
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decrease in lean body mass and the increase in
body fat. The body fat of girls increases by two-
fold before the end of puberty.>* The end of
puberty for girls is marked by menarche, and the
average age of menarche in Indonesia are 13 years
old’

Adolescent growth is influenced by
endogenous factors such as genetic and hormonal
or endocrine body as well as exogenous factors
such as nutrition, physical activity, and
environment. When these factors are disturbed, it
could affect the adolescent’s health, reflected in the
nutritional status as measured by body mass index
(BMI). Excess needs of energy intake in adolescent
girls take a result in overweight and obesity, which
could continue to adults. In obesity, the risk of
insulin resistance increases and that can develop
into diabetes or cardiovascular disease, and the risk
of cancer would also increase.®”

Insulin-like growth factor-1 (IGF-1) or
somatomedin is the hormone which its synthesis is
stimulated by growth hormone (GH). IGF-1 is the
mediator of anabolic and mitogenic effects of
growth hormone in supporting adolescent growth.
59 1ts levels will rise when growth spurt occurs and
begin to decline at the end of puberty.'® Several
studies showed that high IGF-1 levels in adults
related to an increasing risk of several cancers,
such as breast, colon, and prostate cancer.!' Meta-
analysis study in breast cancer showed that higher
IGF-1 level related with higher risk of
premenopausal breast cancer.'” The level of IGF-1
is affected by several factors associated with
lifestyle such as diet intake, anthropometry, and
physical activity.">” In Indonesia, there is no data
on IGF-1 levels in adolescent girls aged 13—15 .
Therefore, this study was conducted to investigate
the relationship between IGF-1 and nutritional
status in adolescent girls as a prevention of the
increasing risk of cancer when the teenagers
become adults.

Methods:
Study Design
Participants in this cross-sectional study were

adolescent girls from previous study titled
“Determinant Factor Levels of Estradiol, IGF-1,
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and Early Menarche in Adolescent Girls Aged 13—
15 in Jakarta: Nutritional Epidemiology Study
Related to Breast Cancer Risk Factors.” In that
previous study, the subjects had been recruited
from January 2014 to January 2015. In this study,
we used secondary data (such as dietary intake,
anthropometry, and physical activities status) and
primary data from the previous study stored blood
serum. The eligible criteria were: subjects had no
chronic illnesses, their parents signed the informed
consent of prior research, subjects already had
menarche and were not in steroid medication.

Study Design

The study was done in the selected eight Junior
High Schools representing the five municipalities
in Jakarta. This study started after obtaining
permission from Medical Ethics Committee,
Faculty of Medicine University of Indonesia

Data Collection

The dietary intakes (total of energy, carbohydrate,
protein, and fat) were collected using semi-
quantitative food frequency questionnaire (FFQ) by
experienced nutritionists. Dietary intake data were
then analyzed using Nutrisurvey 2007. The total of
energy and macronutrient intake were categorized
as minimal (<70%), low (70-99.9%), normal (100—
129.9%), and high (>130%), based on the
Indonesian recommended daily allowance (RDA).
Category of macronutrient intake also was
categorized based on proportion of total
macronutrient to energy. Height and weight were
measured in accordance to the standard protocol by
trained personnel. The results of measurements of
weight and height were then used to calculate body
mass index (BMI) using the formula weight (in kg)
divided by height (in meters) squared. BMI values
were adjusted to BMI-for-age CDC 2000 chart for
girl aged 2-20 wusing Children's BMI Tool for
School to get BMI-for-age percentile. The subjects’
aged 13-14 completed Physical Activities
Questionnaire-Children (PAQ-C) and the subjects’
physical activity level (PAL). IGF-1 levels were
measured from the stored blood serum by
colorimetric method in Dharmais Cancer Hospital
laboratory, Jakarta.



All data were analyzed using Statistical Package
for Social Science (SPSS) version 20.0. Normality
of data was analyzed using Kolmogorov Smirnov
test. Normally distributed data were presented in
mean+=SD while not-normally distributed data were
presented in median (minimum-maximum). The
correlation between percentile values and diet
intake with IGF-1 values was analyzed using
Pearson or Spearman rank test. The difference of
IGF-1 values between groups of nutritional status
and dietary intake (based on proportion to energy)
were analyzed using unpaired t-test or one-way

ANOVA. The p<0.05 was considered as statistical
significance.

Results

The analyses were based on 178 adolescent girls
with complete data on IGF-1 wvalues. The
characteristic data including anthropometric
(weight, height, and BMI-for-age percentile),
nutritional status, dietary intake, physical activity,
and serum IGF-1 is presented in Table 1.

Table 1 Characteristic of subjects based on anthropometric, nutritional Status, dietary intake, and physical activity

(n=178)

Characteristic n (%) Mean=SD/median (min-max)
Energy, kcal 1579.5 (702.9-2962.8)
Adequacy of energy intake

Minimal (<70% RDA) 70 (39.3)

Low (70-99.9% RDA) 81 (45.5)

Moderate (100-129.9% RDA) 23 (12.9)

High (>130% RDA) 4(2.2)
Total carbohydrate, g/day 211.8 (74.3-432.9)
Adequacy of carbohydrate intake

Minimal (<70% RDA) 77 (43.3)

Low (70-99.9% RDA) 69 (38.8)

Moderate (100-129.9% RDA) 26 (14.6)

High (>130% RDA) 6(3.4)
Total carbohydrate, % of energy 54.9+6.8
Proportion of total carbohydrate to energy

Low (<50% energy)

Moderate (50-60% energy) 39 (21.9)

High (>60% energy) 96 (53.9)

43 (24.2)

Total protein, g/day 45.5(13.8-128.3)
Adequacy of protein intake

Minimal (<70% RDA) 100 (56.2)

Low (70-99.9% RDA) 55(30.9)

Moderate (100-129.9% RDA) 14 (7.9)

High (>130% RDA) 9(5.1)
Total protein, % of energy 11.8 (7.1-37.5)
Proportion of total protein to energy

Low (<10% energy) 31(17.4)

Moderate (10-20% energy) 146 (82.0)

High (>20% energy) 1 (0.6)
Total fat, g/day 57.1 (14-120.8)
Adequacy of fat intake

Minimal (<70% RDA) 57 (32)

Low (70-99.9% RDA) 73 (41)

Moderate (100-129.9% RDA) 40 (22.5)

High (>130% RDA) 8 (4.5)
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Table 1 Characteristic of subjects based on anthropometric, nutritional Status, dietary intake, and physical activity

(n=178) (Continued)

Characteristic n (%) Mean+SD/median (min-max)
Total fat, % energy 32.7+6.7
Proportion of total fat to energy

Low (<20% energy) 37(3.9)

Moderate (20-30% energy) 47 (26.4)

High (>30% energy) 124 (69.7)

Weight, kg 45.9 (31.0-80.2)
Height, cm 152.6+6.2
BMI-for-age percentile 58.5 (0-98.6)
Nutritional status

Underweight 6(3.4)

Normal 133 (74.7)

Overweight 28 (15.7)

Obese 11 (6.2)

Physical activities score 1.85+0.34
Physical activities

Low 165 (92.7)

Moderate 13 (7.3)

IGF-1, ng/mL 470.5+147.2

Among these subjects, 84.8% had energy
intake less than the RDA for adolescent girls aged
13—15 . While 53.9% of the subjects had moderate
proportion of carbohydrates intake to total energy,
82% of the subjects had moderate proportion of
protein intake to total energy, and 69.7% of the
subjects had high proportion of fat intake to total
energy. There were only 6 subjects (3.4%)

underweight, and on the other hand 39 subjects
(21.9%) were overweight/obese. Almost all
subjects had low physical activity level, i.e. 165
subjects (92.7%), while the remaining 13 subjects
(7.3%) had moderate physical activities.

The correlations between IGF-1 with nutritional

status and macronutrient intake are shown in Table
2.

Table 2 Correlations between IGF-1 levels and BMI-for-age percentile and dietary intake (n=178)

IGF-1 Levels (ng/mL)

Variable
p r

BMI-for-age percentile 0.754* -0.024
Dietary intake

Energy, kcal 0.758* 0.023
Carbohydrate, % of energy 0.041%* 0.153
Carbohydrate, g/day 0.242F 0.088
Protein, % of energy 0.237* -0.089
Protein, g/day 0.697* -0.029
Fat, % of energy 0.042%* -0.152
Fat, g/day 0.229* -0.091

* Pearson rank test; ¥ Spearman rank test
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There is no correlation between BMI-for-
age percentile and IGF-1. Of the diet variables,
carbohydrate is associated to IGF-1 (p=0.041,
r=0.153), whereas fat is inversely associated to
IGF-1 (p=0.042, r=-0.152). We observed that there
was no statistically significant difference in IGF-1
between nutritional status and diet intake groups.
However, there was a trend that IGF-1 would
increase in overweight group and decrease in obese
groups (Figure 1).
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Figure 1 IGF-1 Difference between nutritional status
groups

Also, there were smooth trends towards
higher IGF-1 levels with increasing carbohydrate
intakes and lower IGF-1 with increasing fat intake

(Figure 2).
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Discussion

This research was the first research conducted in
Indonesia that measured the levels of IGF-1 in
young girls accompanied by other comprehensive
factors such as diet intake, anthropometry, and
physical activity. The advantages of this study
include the large number of subjects — nearly 200,
the research conduct in eight schools among five
areas in Jakarta, and the random selection. Sample
collection was also carried out at the same time, i.e.
in the morning, to prevent the diurnal variation of
IGF-1 examination.'® Subjects were also carried
out on fairly strict inclusion criteria to minimize
other variations of health conditions that could
affected the subjects. Therefore, the results of this
study could be generalized to the population of
adolescent girls aged 13—15 in major cities in
Indonesia. Meanwhile, the weakness of this study
is it used cross-sectional design that could be
threatening by the possibility of the recall bias
when taking dietary intake and physical activity
data.

We found that almost all of the subjects had
low physical activity level. The sedentary lifestyle
may become the risk factors for non-communicable
diseases (NCDs) that starting from childhood and
adolescence.
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Figure 2 IGF-1 Difference between dietary intake group (n=178)
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In spite of the sedentary lifestyle, unhealthy eating
habits can be the cause of some degenerative
diseases such as cardiovascular disease, metabolic
syndrome and cancer. Furthermore, there is
evidence that 90-95% of cancer is influenced by
lifestyle factors and the environment. Focusing for
cancer, especially breast cancer for the adolescent
girls, it can be prevented with lifestyle
modifications such as a good diet, maintaining a
normal body weight, and increasing physical
activities.'” Thus, it is very important the teen years
become the focus of attention of the government to
initiate programs in the prevention of degenerative
diseases, especially cancer in the future.

This study examined the relationship
between IGF-1 and nutritional status and dietary
intake in adolescent girls aged 13—-15. We found
that there was no relationship between IGF-1 and
BMI-for-age percentile. This study is consistent
with the study of 243 girls in grade 6 and 7, in
which there is no relationship between the levels of
IGF-1 with the body composition such as body
mass index, thickness of skin folds, waist/hip,
height, and weight.'"® Lukanova et al.'* reported
there was no significant difference in the levels of
IGF-1 in each group based on BMI in 391 adult
women. However, the levels of IGF-1 in each
group described the nonlinear relationship, which
means the levels of IGF-1 will reach the highest
level at a certain IMT, and then it will decrease.
After grouping based on the nutritional status
according to BMI-for-age, there was no statistically
significant difference in IGF-1 between nutritional
status groups. However, the pattern of mean levels
of IGF-1 in each group tended not to be linear.
IGF-1 levels increased from normal to overweight,
then decreased in obese.

The nonlinear relationship between IGF-1
and BMI can be explained by the interaction of the
two major determining factors of the synthesis and
bioavailability of IGF-1, namely growth hormone
(GH) and insulin. GH is a major stimulus for the
secretion of IGF-1 and the main carrier in the blood
protein, IGFBP-3. In a condition like obesity, free
fractions of IGF-1 increase because of the
increased production by the liver and adipose tissue
as well as the increase of insulin levels. The
increase levels of insulin will also inhibit the
synthesis of IGFBP-1 and IGFBP-2. Increased free
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fractions IGF-1 give negative feedback on
GH.'*""?° Decreased GH secretion in obesity also
can be caused due to increased levels of free fatty
acids in blood. A rise of free fatty acids in blood in
obesity happens due to the enlarged fat cells which
secrete free fatty acids in the blood more and the
decrease clearance of free fatty acid.’'** The
decrease of GH secretion causes a decrease in total
levels of IGF-1.

Excess body weight is estimated to be the
cause of 20% of all cancer cases. In the last 25
years, the data showed that obesity is the cause of
20% of cancer deaths in women. A retrospective
study showed an association between elevated BMI
and the incidence of breast cancer in the
premenopausal woman.”> On the other hand, a
systematic review and meta-regression analysis of
case-control studies which included 3,609 cases
and 7,137 controls has demonstrated that high
concentrations of IGF-I were associated with an
increased risk premenopausal breast cancer.”* With
the results from this study that IGF-1 levels
increase in overweight adolescent, it can be a
caution for adolescent girls to maintain their weight
and nutritional status to avoid from increasing
premenopausal breast cancer risk.

In this study, we also found a positive
correlation between the levels of IGF-1 with the
proportion of carbohydrate intake (p=0.004,
r=0.153) and an inversed correlation with fat intake
(p=0.04, 1=-0.152). There was no correlation
between the levels of IGF-1 with a proportion of
total energy intake and protein intake. Cui et al.”
reported a positive association between the
proportion of carbohydrate intake with high levels
of IGF-1 and a negative association between the
proportion of fat intake with high levels of IGF-1.
With substitution of 5% of the energy from
carbohydrates for the equivalent amount of energy
from fat or protein, IGF-1 levels increased by 2%.
When substituting 1% of the energy from fat for
the equivalent amount of energy — a 1% increase in
the proportion of fat to total energy, IGF-1 levels
decreased by 2.8%.

Changes in carbohydrate intake will provide
an indirect effect on IGF-1 levels through changes
in insulin secretion. The synthesis of IGF-1 in the
liver is also regulated by insulin. Studies in animals
showed that by blocking the action of insulin in the



liver, serum IGF-1 levels decreased. Increased
intake of carbohydrates will increase the amount of
insulin in the circulation. Increased insulin
stimulates GH secretion and has effects on IGF-1
gene transcription so that the levels of IGF-1 will
rise.”® Inversed association between IGF-1 and fat
intake can be explained due to increased fat intake
can rise free fatty acids levels in the blood. The
increase in free fatty acids will result in inhibition
GH secretion.”? Inhibited GH secretion causes
decreased secretion of IGF-1.

Several studies suggest that higher concentrations
of IGF-I are associated with a reduced risk of
degenerative diseases like osteoporosis, diabetes,
and possibly heart disease; otherwise, they are also
associated with increased risk of cancers including
breast, prostate, and colon cancer. Most of the IGF-
related cancers are associated with dietary patterns,
so the role of diet in regulating the IGF system has
attracted interest.'' Circulating concentrations of
IGF-I can be affected by dietary intake through
some potential mechanisms include the inhibition
of hepatic synthesis or indirectly through effects on
IGFBPs.” Thissen et al.”’ reported that energy and
protein intakes appear to increase IGF levels. The
result of the studies about the effect of dietary fat,
fiber, or carbohydrates on the IGF axis are
inconsistent.”**" IGF-1 was associated with
carbohydrate intake and this positive association
has been observed to be positively associated with
the risk of developing breast cancer.’' In this study,
IGF-I was inversely associated with total fat intake.
Our finding is inconsistent with the few prior
studies which reported positive or no associations
between fat intake and IGF-I levels.””? Positive
association between high fat diet and high levels of
IGF-1 with the risk of developing certain cancers
has been observed. However, the finding in this
study is consistent with the positive association
between both high fat intakes and low IGF-I
concentrations and the risk of coronary heart
disease.

The study concluded that there was no
correlation between IGF-1 and nutritional status,
but there was a tendency that higher IGF-1 levels
found in overweight. There was a positive
correlation between IGF-1 levels and carbohydrate
intake, and an inversed correlation between IGF-1
levels and fat intake. We suggest that adolescent
girls maintain their weight to achieve normal

nutritional status and get macronutrient intake
within the recommended range.
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