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Abstract
Introduction: Carbohydrate supplement intake might change
exercise induced-insulin-like growth factor 1 (IGF-1);
however it is not well known. The purpose of the present
study was to determine exercise induced-changes in IGF-1
following fasting compared to glucose administration.
Material & Methods: Eleven non-athletes healthy men (aged:
21.0 ± 2.1 years; body mass index (BMI): 22.6 ± 3.3 kg/m2;
mean ± SD) were participated in this study as the subject.
At the first week, the subjects were consumed 1 g/kg body
weight of glucose in 200 mL water 30 min prior to exercise
(hyperglycemia condition) and subsequently walked on a
treadmill at 50% of heart rate reserve (HRR) for 60 min.
Glucose and IGF-1 levels were measured at baseline,
immediately and 30 min after the exercise. After a week, the
subjects were performed the same exercise after at least 14 h
of fasting (hypoglycemia condition) and glucose and IGF-1
levels were measured at the same times of the first week.
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Results: The results showed that glucose levels were higher in
hyperglycemia condition than hypoglycemia condition
(P<0.05). Glucose level was decreased by 54.8% after the
exercise but it was higher than the baseline until 30 min
after the exercise (P<0.05). The results, also indicated that
IGF-1 level had no significant changes after the exercise at
both of hypo and hyperglycemia conditions and no
significant differences were observed during blood sampling
between hypo and hyperglycemia conditions.
Conclusions: In conclusion, it seems that exercise in hypo or
hyperglycemia conditions had no significant effect on IGF-1
levels.
Keywords: Hyperglycemia, Hypoglycemia, Insulin-like growth

factor 1, Exercise

1. Introduction
Insulin-like growth factor 1 (IGF-1) is known as somatomedin C. IGF-1
belongs to polypeptide hormones, which are functionally and structurally
similar to the insulin (1). IGF-1 is metabolic mediates of growth
hormone (GH) (2,3). Growth hormone is produced by the anterior
pituitary gland, is essential for growth in the postnatal period. Growth
hormone affects the tissue by the IGF1. IGF-1 stimulates all growth
processes. Researches show that IGF-1 can be synthesized in vivo and in
vitro in some tissues, but the main IGF-1 synthesizing organ is the liver
(4). IGF-1 is secreted from hepatocytes into the serum, where it binds to
insulin-like growth factor binding protein –IGFBP (5).
IGF-1 plays a key role in exercises associated muscle growth and
development. Several of clinical studies have shown increased (6),
decreased (7), or unchanged levels of IGF-I after endurance or resistance
training (8). IGF-1 response is related to the intensity and duration of
exercise. After short-term (20 min) ergometer exercise reported increased
IGF-I but after 3 h endurance exercise, IGF-1 level was decreased and
no change after interval training. In the same study, IGFBP-3 seems to
increase during exercise (9). This suggests that more prolonged exercise
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causes decreasing in total IGF-1 level.
On the other hand, fasting strikingly stimulates somatotroph secretion in
normal healthy humans; (10,11) reduction in the negative IGF-1
feedback action as well as CNS-mediated mechanisms such as
concomitant reduction in somatostatin activity and GHRH hyperactivity
are likely to play major role (12,13). Maccario et al. (2001) reported that
IGF-1 level had no significant changes after 36 h fasting in adult
hypopituitary patients with severe GH deficiency while it decreased in
obese patients as well as in normal subjects (14). Although clinical
studies indicated that IGF-1 might decreases after calorie restriction
(12,15), hyperglycemia induces a signaling that results in enhanced of
IGF-1 concentration (16). The effects of exercise on IGF-1 levels in hypo
and hyperglycemia are not well known. Previously Vendelbo et al. (2015)
reported that there were no significant differences in IGF1 mRNA
expression after a bout of exercise during fasting or glucose
administration (17). Thus the aim of present study was to examine
exercise induced-changes in IGF-1 following fasting compared to glucose
administration.

2. Materials and Methods
Subjects
Eleven non-athletes healthy men (aged: 21.0 ± 2.1 years; body mass
index (BMI): 22.6 ± 3.3 kg/m2; mean ± SD) were participated in this
study as the subject. All the subjects were asked to complete a personal
health and medical history questionnaire, which served as a screening
tool. All the subjects were complete inactive at least 6 month before the
study and they were nonsmokers and free from unstable chronic
condition including dementia, retinal hemorrhage and detachment; and
they have no history of myocardial infarction, stroke, cancer, dialysis,
restraining orthopedic or neuromuscular diseases. All the subjects were
given 3-day diet recall form (18) to complete and were instructed to
maintain their normal dietary habits throughout the study. The Islamic
Azad University, Marvdasht branch Ethics Committee approved the
study and written informed consent was obtained from all subjects.
Protocol
At the first week, the subjects were consumed 1 g/kg body weight of
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glucose in 200 mL water 30 min prior to exercise (hyperglycemia
condition) and subsequently walked on a treadmill at 50% of heart rate
reserve (HRR) for 60 min. Each participant was equipped with a heart
rate monitor (Beurer, Germany) to ensure accuracy of the exercise level.
Glucose and IGF-1 levels were measured at baseline, immediately and 30
min after the exercise. After a week, the subjects were performed the
same exercise after at least 14 h of fasting (hypoglycemia condition) and
glucose and IGF-1 levels were measured at the same times of the first
week.
Blood analyses
Plasma glucose was immediately measured (Beckman Instruments, Brea,
CA, USA). Serum samples were stored at -20 ○C, and IGF-1 was
analyzed using enzyme-linked immunosorbent assay (ELISA) kit (LDN,
Germany). The sensitivity of kit was <9.75 ng/ml.
Statistical analysis
Results were expressed as the mean ± SD and distributions of all
variables were assessed for normality using Shapiro-Wilk test. Repeated
measures of ANOVA test (Time × condition) was used to evaluate timecourse change in variables. Post hoc analyses (Bonferroni) were then
performed when warranted. The level of significance in all statistical
analyses was set at P≤0.05. Data analysis was performed using SPSS
software for windows (version 17, SPSS, Inc., Chicago, IL).

3. Results
Anthropometrical measurements of the subjects are presented in the
Table 1. The results indicated that the young men with normal weight
were participated in the study as the subject.
Table 1. Anthropometric characteristics (mean ± SD) of the subjects
Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m )
2

mean
21.0
174.1
68.6
22.6

SD
2.1
11.9
11.0
3.3
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The changes of plasma glucose at baseline and after the exercise at hypo
and hyperglycemia conditions are presented in the Figure 1. Repeated
measures of ANOVA test showed that there were significant differences
between times of blood sampling and between hypo and hyperglycemia
conditions. Post hoc analyses (Bonferroni) indicated that glucose level
was higher in hyperglycemia condition than hypoglycemia condition
(P<0.05). Glucose level had not significant changes immediately and 30
min after the exercise in hypoglycemia condition but it was decreased
significantly immediately after the exercise and it was higher than the
baseline until 30 min after the exercise in hyperglycemia condition
(P<0.05).

* Significant differences with baseline (P<0.05)
† Significant differences between two conditions (P<0.05)
Figure 1. Changes of plasma glucose at baseline and
after the exercise at hypo and hyperglycemia conditions

The changes of serum IGF-1 at baseline and after the exercise at hypo
and hyperglycemia conditions are presented in the Figure 2. Repeated
measures of ANOVA test showed that IGF-1 level had no significant
changes after the exercise at both of hypo and hyperglycemia conditions
and no significant differences were observed during 3 times of blood
sampling between hypo and hyperglycemia conditions.
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Figure 2. Changes of IGF-1 at baseline and after
the exercise at hypo and hyperglycemia conditions

4. Discussion
This study was designed to test whether exercise-induced changes in
IGF-1 after fasting compared to a glucose infusion. The results indicated
that glucose level was higher in hyperglycemia condition than
hypoglycemia condition at baseline (P<0.05). Glucose level had not
significant changes immediately and 30 min after the exercise in
hypoglycemia condition but it was decreased significantly immediately
after the exercise and it was higher than the baseline until 30 min after
the exercise in hyperglycemia condition (P<0.05). Previously Shin et al.
(2013) and Vendelbo et al. (2015) also demonstrated that the plasma
glucose had not significant changes until 90 min after the exercise at
hypoglycemia condition but glucose levels were increased after glucose
intake and it had been decreased during the exercise and 90 min after
this (17,19).
While plasma glucose does not normally decrease during exercise in
hypoglycemia condition, a significant decrease in plasma glucose can
occur when carbohydrates are consumed as a pre-exercise meal (19-22).
This phenomenon reflects an imbalance between the rate of carbohydrate
oxidation and the rate of carbohydrate supplementation in muscle during
exercise. In the present study, the reduction in plasma glucose levels
after the exercise following carbohydrate intake was due to a significant
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increase in muscle glucose uptake without a compensatory increase in
glucose supplementation into blood (22). It seems that the effect of the
carbohydrate meal on plasma glucose was due to the additive effect of
insulin and exercise (23,24). This effect has been explained in previous
studies and reviews (25,26).
The results, on the other hand, indicated that IGF-1 level had no
significant changes after the exercise at both of hypo and hyperglycemia
conditions and no significant differences were observed during 3 times of
blood sampling between hypo and hyperglycemia conditions. In line with
the present study results, Vendelbo et al. (2015) also reported that 36 h
of fasting had not significant effect on IGF-1 mRNA levels (17). In
another study, Vendelbo et al. (2010) observed that more prolonged
fasting tends to increase IGF1 mRNA levels in muscle (27). They noted
that myocellular GH signaling is stimulated after exercise and fasting in
terms of increased STAT5 phosphorylation and/or IGF-1 gene
expression. This suggests that exercise with brief, well-defined GH peaks
leads to distinct STAT5 phosphorylation and subsequent IGF-1 gene
expression, whereas fasting induces more sporadic GH bursts and less
distinct but more persistent activation of the GH signal (27). These
discrepant results may be attributed to differences in exercise intensity,
blood sampling frequency, time of fasting and study population. GH and
insulin levels did not measured in this study. It is suggested that the GH
and insulin concentrations measure in the future studies.

5. Conclusion
The results indicated that IGF-1 level had no significant changes after
the exercise at both of hypo and hyperglycemia conditions thus it seems
that exercise in hypo or hyperglycemia conditions had no significant
effect on IGF-1 levels.
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