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Abstract
Introduction: present study aimed to investigate the effect of type of food
on growth hormone concentrations in response to physical activity in
children.
Methods: 25 boys (aged 9-14) with complete physical health were randomly
divided into three groups, including high carbohydrate (65% carbohydrate,
HC), high fat (50% fat, HF), and Normal (N) diet. Physical activity included
10 cycles of 6 seconds sprint running for 20 minutes. Blood was taken in the
fasting state, 45 minutes after diet, and 15 minutes after physical activity.
Repeated measure ANOVA, factorial analysis of variance and Tukey's post
hoc test at significant level of 0.05 were used to analyze the data.
Results: After breakfast, the growth hormone decreased in HC and HF
groups. In the HF group, the increase in growth hormone after activity was
significant compared to the fasting state (P = 0.01) and post-breakfast state
(P = 0.03). The increase after activity was significant in comparison with the
post-breakfast state (P = 0.03) in the HF group. In the N group, the growth
hormone increased after breakfast (P = 0.03) and activity (P = 0.04)
compared to the fasting state.
Conclusion: Consumption of food with carbohydrates and lipids reduces the
growth hormone secretion, but does not change the response to activity.
Keywords: Carbohydrate, Children, Fat, Growth Hormone, Physical
Activity

Introduction
The Growth Hormone (GH) is a hormone
released from the anterior part of the pituitary
or adenohypophysis, the most important and
largest part of the pituitary (1). Growth
hormone plays an important role in the health
and development of children and affects many
metabolic processes of somatic cells in
children (2). The overall biological function of
GH is very diverse, which includes the effects
on protein metabolism, carbohydrates and
lipids, stimulation of prolonged bone growth
sites, muscle growth, height, gluconeogenesis,
immune system, and so on (3, 4). Recent
evidence suggests that a diet or physical
activity patterns can also trigger changes in
GH secretion (5), for example, during
hyperglycemia; an increase in GH can be seen

in the continuing primary suppression of GH
levels. The effect of primary suppression is
probably due to an increase in the release of
somatostatin. The reversal of this acute
suppression results from a reduction in the
release of somatostatin and, consequently, its
release from GHRH (6); although Cappon et
al. (1993) showed that the growth hormone
secretion after activity in adult males was not
affected by high-carbohydrate diet (2).
Research also found that in healthy subjects
with fit weight, a high-fat meal, shortly before
exercise severely suppressed GH (7).
Galassetti et al. (2006) also found that the
acute consumption of fatty foods, as compared
to non-calorie placebo, resulted in a decrease
in GH release in response to physical activity
in children (1). Considering that today, the use
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of sweet snacks (cakes, juices, ice cream, etc.)
and high-fat snacks have become very
common among children, the study of dietary
intervention of carbohydrates and high fat due
to controversies in children remains unclear. It
seems that the diet may interfere with the
activity of the GH response. It also seems that
low intensity exercise (50% lactate threshold)
does not increase GH secretion, while high
intensity exercise (50% difference in lactate
threshold and vVO2max) leads to stimulation
and response to GH secretion (8). In this
regard, Pritzlaff et al. (1999) by performing a
training program of running on treadmill at
different intensity levels demonstrated that
with increasing intensity of training to the
threshold of lactate, a linear increase in GH
secretion was observed (9). Stokes et al.
(2003) also examined the effect of speed
training 6-30 seconds on the ergometer bike on
GH changes, and concluded that with an
increase in training time of up to 30 seconds,
GH also increased (10). Therefore, in the
present study, physical activity for children
was considered as intermittent sprint type
because it is more similar to their daily
physical activity. While the importance of
examining the factors affecting the growth
hormone in children is important, it is likely
that there is an interaction between diet and
physical activity on the growth hormone in
children. Therefore, the present study seeks to
answer the question of whether the type of
nutrition prior to the one-bout intermittent
sprint activity in children can affect the
amount of growth hormone release.

Methods
Eighteen healthy boy children (9 to 14 years
old) participated in this study. The
anthropometric information of the participants
including height, weight, body mass index and
fat percentage were calculated (11). Finally,
the samples were randomly divided into three
groups: high-carbohydrate (HC; 7 people);
high-fat (HF; 7 people); and normal (ND;
11people) diet. The present study was
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conducted as cross-over field trials. Prior to
the study, its protocol was approved by the
Graduate Committee of Islamic Azad
University, Shoushtar Branch. In the first
session at 8:00 am, in the fasting state, three cc
bloods were taken from all participants’ left
brachial vein in the first and second groups.
Then, all subjects consumed breakfast with
HC (65% carbohydrate, 20% fat and 15%
protein) or HF (35% carbohydrate, 50% fat
and 15% protein) and 45 minutes later blood
retention was again performed. After blood
capturing, each sample performed physical
activity including the intermittent sprint
activity for 20 minutes, which consisted of
heating and cooling for 3 minutes, and the
main part of the activity including 10 cycles of
6 seconds sprint and one minute running softly
in the form of intermittent run (2, 12); 15
minutes after the activity, three cc blood was
taken again. At the second session, the
subjects performed the same procedure as the
first one only consuming ND (50%
carbohydrate, 35% fat and 15% protein) at
breakfast. It should be noted that breakfast was
identically consumed at 500 calories in the
three groups (baguette, cream, honey, milk,
simple cornflex, peanut butter and protein
powder), and only had a different amount of
carbohydrate and fat (13). To measure the
concentration of the growth hormone the
ELISA kit (DiaMtera, Italy, Product Code No.:
DKO050) with a sensitivity of 0.105 μlU / mL
according to the kit catalog was used. The
normal distribution of data was done by
Kolmogorov- Smirnov test and the intra-group
variation of the data was done by repeated
measure analysis of variance. To evaluate the
effects of time on food type, factorial analysis
of variance 3 × 3 was performed using Tukey's
post hoc test. All analyses were performed
using SPSS software version 20. The
significance level was considered as p <0.05.

Results
Table 1 shows the mean ± SD of the
demographic characteristics of the participants
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in the study, and in Table 2, the mean growth
hormone in the three states of fasting, postbreakfast and post-physical activity is seen in
three groups of high-carbohydrate, high fat
and normal diet. In the breakfast group with
HC (8%, P = 0.75) and HF (72%, P = 0.86) 45
minutes after breakfast, growth hormone
reduced which was not statistically significant
compared to the fasting state. On the other
hand, in the HC group, changes in the growth
hormone increased significantly after physical
activity compared to fasting (P = 0.08) and 45
minutes after breakfast (Figure 1). In the HF
breakfast group, there was a significant
increase after physical activity compared to 45
minutes after breakfast (P = 0.03) and fasting
(P = 0.01) (Figure 2). In the ND group,

breakfast intake with a proportionate amount
of carbohydrate and fat significantly increased
the growth hormone 45 minutes after breakfast
(P = 0.03); also increase after physical activity
was significant compared with fasting (P =
0.004) and 45 minutes after breakfast (P =
0.01) (Figure 3). Factor analysis of variance of
breakfast type consumed at different times did
not show a significant difference in growth
hormone (P=0.098). But the findings indicated
a significant increase in growth hormone in
response to physical activity compare to the
fasting state in all three groups. There was also
a significant reduction in growth hormone
after HF intake (P = 0.02) compared to its
increase after activity in the HC (P = 0.02), HF
(P = 0.001), and ND (Figure 4).

Table 1. Demographic characteristics of the participants in the research
High Carbohydrate Diet High Fat Diet
Normal Diet
Number of Sample
7
7
11
Age (Year)
12.85±1.9
12.85±93.2
12.36±2.34
Height (cm)
153±14.5
152.86±20.35
154.91±17.88
Weight (Kg)
53.57±18.72
57.86±14.12
58.82±15.90
2
Body Mass index (Kg/m )
22.45±5.56
24.98±5.245
24.32±4.4
Fat Percentage
27.6±6.1
28.21±7.26
29.15±0.0045

Figure 1. Mean Growth Hormone (GH) Changes in the High-Carbohydrate Diet Group
+ Significant difference was observed between 45 minutes after diet and fasting (P <0.05).
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Figure 2. Mean Growth Hormone (GH) Changes in the High-Fat Diet Group
*Significant difference compared to 45 minutes after diet (P <0.05).

Figure 3. Mean Growth Hormone (GH) Changes in the Normal diet
* Significant difference was observed in fasting state and 45 minutes after diet; ++ Significant
differences in fasting state (P <0.05).

Table 2. The mean growth hormone (μlU / mL) at different times in the study groups
High Carbohydrate Diet High Fat Diet
Normal Diet
Fasting
0.71±0.61
1.4±3.2
0.54±0.53
45 Minutes After Breakfast
0.66±0.89
0.39±0.27
1.68±1.43
15 Minutes After Activity
4.91±3.87
10.24±8.79
2.73±2.99
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Figure 4. Growth hormone changes with different food types at different times
* Significant difference compared to 45 minutes after taking a high fat diet (P <0.05).

Discussion
Physical activity is one of the most potent
stimulants of GH secretion that can be affected
by a meal. The aim of this study was to
investigate the effect of HC and HF diet on
GH response to physical activity in children.
The main results of this study were that the
concentration of GH was reduced 45 minutes
after breakfast of HC and HF, but after 15
minutes of physical activity in three groups
increased. In line with the results of this study,
Shin et al. (2013) showed that consuming HC
foods before an hour of walking with 50% of
the maximal oxygen uptake (Vo2max) for 60
minutes increased GH (14). Wahl et al. (2010)
showed a significant increase in GH in
response to high intensity exercise in eleven
healthy men (15). Foster et al. (2008) also
found that consuming HC or isotonic food
would increase the response of growth
hormone to activity without being affected by
food (16). In addition, in an investigation on
the effect of HC food consumption on eleven
young male subjects, Cappon et al. (1993)
found that the concentration of GH after
consumption of HC diet was modestly
reduced, but its increase after activity was
significant (2). Unfortunately, due to little
research done in this area, there were no

conflicting results even among adults. In the
present study, we did not see any significant
reduction in GH release to HC diet compared
to the fasting state. However, in comparing the
Normal diet and HC groups, GH concentration
significantly increased after breakfast with
proportionate
carbohydrates.
While
hypoglycemia is a potent inhibitor of GH, it
appears that elevated levels of glucose also
increase the response of HC foods as a result
of high levels of intake. Failure to see
significant difference in GH response to
activity after two types of breakfast may have
at least four main reasons. The first is related
to the possible mechanism of GH response to
activity that may not be easily related to blood
glucose. The second reason may be the startup time. Given that activity started 45 minutes
after breakfast. Glucose reduction may have
occurred before the onset of activity, so GH
levels without intervention of blood glucose
levels have increased. The next reason may be
that although increased blood glucose causes a
transitory and temporary cessation of GH
levels due to somatostatin secretion, it
increases levels of GH by diminished
somatostatin (17). The fourth reason may be
related to the temperature of the air on the day
of the test in the normal diet group. Despite all
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attempts to maintain a constant temperature in
two days of the experiment, according to the
test schedule, the air temperature was higher
on the second day of the test (2 degrees
Celsius), and research has shown that the
ambient temperature can be a deterrent to the
secretion of the growth hormone (18) and
perhaps the reason for the lower growth
hormone in the normal diet group is related to
this environmental phenomenon. Considering
that breakfast intake should provide about 2035% daily calories (19), and researchers
consider it appropriate to use some 300 to 700
calories in the morning (20), therefore, the
type of breakfast meal, especially in children,
can affect their growth factors. Also, today due
to the excessive use of sugary and HC
substances, it seems that the consumption of
foods with carbohydrates of 65% or more can
untowardly affect children's GH release at
least in children, although high-intensity
physical activity has been able to increase GH
even after consumption of HC foods. A
significant reduction of GH secretion in HF
breakfast was the result of our research, which
is consistent with the results of Cappon et al.
(1994) and Galassetti et al. (2006). In both
studies, the amount of GH after HF meal
decreased significantly compared to the fasting
state. However, both of these studies showed a
significant increase in GH response to postconsumption of HF foods, although this
increase was significantly lower than that of
placebo (without calorie), which was not
consistent with the result of this study. It
should be noted that Cappon et al.measured
GH response to eleven healthy men in three
HC, HF (40% consumed calorie) and caloriefree diets. The activity included ten minutes of
jerking on an ergometer bike, and the results
showed a 50% reduction in GH response to
activity in the HF diet group compared to
placebo and the HC group. In this study,
sample included adults who had had their
growth time and these responses were due to
metabolic regulation. The response of GH to
activity in the HF diet group was
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approximately 4-5 times that of fasting state,
and in the placebo group 8 times that of fasting
state. The severe response of GH to activity in
the placebo group may be partly due to their
fasting state, as research suggests an increase
in GH response to fasting state (17). A study
by Gallassetti et al. (2006) was performed on
twelve children aged 11 to 15 years. In this
study, the GH response to 30 minutes of
activity on an ergometer bike (10 repetitions of
two minutes with 80% of the maximum
aerobic capacity separated by one minute of
rest) in two situations of HF food consumption
(0.8 grams per kilogram of body weight) and
placebo (no calorie) were measured (1). In this
study, GH response to HF dietary activity was
significantly higher, but was 40% lower than
the Normal group. The increase in GH in this
study in the HF diet group was approximately
7 times that of the fasting state and in the
Normal group 11 times that of the fasting
state, which shows that the HF dietary group
was similar to the present study. Also, in this
study, a comparison was made between two
free-calorie and HF diets, in which free-calorie
state may have affected the the GH response to
activity and increased its secretion; contrary to
our research, in which samples of control
group consumed foods with 30% fat. In our
research, we tried to give normal food to
children regarding a true life pattern, so there
are some theoretical differences with previous
research. In Galassetti research, the amount of
fat consumed was 385 calories compared to
250 calories in our study, which may have had
a significant effect on GH response by
increasing somatostatin (4, 17). Studies have
also shown that physical activity is associated
with an increase in release of cytokines (21,
22), including IL-6, which seems to have a
close
interconnectedness
with
growth
hormone, so that during the injection of IL-6
into healthy subjects the amount of growth
hormone
significantly
increases
(23).
Meksawan et al. (2004) showed that
consuming HF foods (50% fat) after activity
did not significantly change IL-6 secretion, but
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had a downward effect on other cytokines
(21). Therefore, it can be estimated that higher
levels of fat intake (such as Galassetti
research) by suppressing the production of
cytokines such as IL-6 have reduced GH
response to high fat intake; and the last reason
that has already been raised may be related to
the temperature on the day of the test in the
normal dietary group. Perhaps the reason for
the lower growth hormone (5 times versus 7
times) in the normal diet group can be related
to this environmental phenomenon. This
research was designed to examine the
conditions that occur every day in the normal
life of children. First, the intensity and
duration of the activity were selected in a
manner consistent with the normal life of the
children, and secondly, the time and calorie
intake were selected according to the
predetermined patterns that were measured.
This form of HF foods has become widespread
today and is used by children in various forms
or promises, or in type 1 diabetic or obese
children (who are advised to consume less
carbohydrate) or athletes who seek to earn a
lot of energy from low-volume diets.

Conclusion
The results of this study indicate the
disparaging effects of food intake with high
levels of carbohydrate and fat on growth
hormone. Parents are advised to be careful
about the choosing their children's food and
considered the effects of physical activity.
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