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Abstract

The aim of this study was to investigate the effects of the submaximal running exercise on the GH/IGF-1 axis in the middle aged sedentary 
non-obese and pre-obese males. Twenty-four healthy volunteer males were divided into two groups and then two subgroups according to their 
age ranges (20-25 and 35-43) and Body Mass Indexes (BMI) (non-obese - NO and pre-obese - PO) respectively. All subjects underwent a 
submaximal running exercise for 30 minutes a day / 4 days a week and for a period of 6 weeks. Serum GH, IGF-1, IGFBP-3, and insulin levels 
were measured in all subjects before and after the exercise program. IGFBP-3 levels were significantly decreased in the PO middle aged and 
NO young groups whereas IGF-1 levels were statistically increased in NO young group after the exercise treatment. Contrary to the results 
observed in young people, middle aged PO and NO groups had a tendency to have better insulin and GH responses to exercise. In the light of 
the findings, it could be suggested that the middle aged group’s response to exercise on the base of GH/IGF-1 system was more advantageous 
than the young group, although it is not significantly important.
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INTRODUCTION
Physical exercise has a major role in sustaining a healthy 

life. As a result of the facilities provided by technological 
advancements, people have abandoned most of their phys-
ical exercise. Therefore, the idea of reintroducing physical 
activity to people’s lives has been implemented by the gov-
ernments. This implementation is mainly associated with 
the scientific fact that physical exercise not only enables a 
sustainable healthy life but also prevents the formation of 
numerous diseases.

Physical inactivity resulting from industrialization 
and the modern lifestyle can affect individuals at any age.  
Moreover, a sedentary lifestyle may lead to serious health 
problems including hypertension, obesity, muscle weakness, 
postural disorders, increased risk of diabetes and coronary 
artery disease. It has been suggested that regular exercise 
prevents and even treats so many diseases associated with 
sedentary lifestyle (1, 2). 

It has been reported that acute physical exercise increas-
es GH secretion, thereby regulating the expression of IGF-1 
and insulin-like growth factor binding protein 3 (IGFBP-3). 
Some other studies have suggested that regular physical ex-
ercise can improve health-related quality of life in elderly 
people since it increases the IGF-1 concentration in circula-
tion (3). However, it is reported that the extent of health ben-
efits achieved through physical activity is associated with 
each individual’s age at the time of exercise (4). 

Although the importance of the GH/IGF-1 system and 
insulin sensitivity in sustaining a long and healthy life has 
been extensively documented in the literature (5), there 
have been rather limited number of studies reporting the ef-

fects of submaximal exercise on the GH/IGF-1 system and 
insulin sensitivity, particularly in sedentary non-obese and 
pre-obese middle-aged individuals. Present study aims to in-
vestigate the alterations in the GH/IGF-1 system and insulin 
sensitivity in sedentary young and middle-aged individuals 
who participated in regular submaximal running exercise 
program. It also aims to evaluate the effect of age and body 
weight on this system and to analyze probable alterations in 
the GH/IGF-1system in pre-obese participants.

MATERIALS AND METHODS
The twenty-four  male participants were initially divid-

ed into two groups as young (20-25 years) and middle-aged 
(35-43 years) individuals and each group was subsequent-
ly divided into two subgroups as non-obese and pre-obese 
participants depending on their body weight and body mass 
index (BMI). The young group had twelve voluntary un-
dergraduates studying at Van Yuzuncu Yil University who 
had no clinical complaint or finding. The middle-aged group 
included twelve voluntary healthy participants who did not 
have any regular exercise. The participants in both groups 
underwent general health screening at Van Yuzuncu Yil Uni-
versity Medical School Hospital for the assessment of fitness 
for exercise. The participants were requested to avoid any 
physical exercise the week before the exercise program. A 
6-week exercise program was applied which included 30 
minute running session/day, four days/week. Intravenous 
blood samples were collected both before and after the ex-
ercise program at fasted state. Blood samples were analyzed 
for the assessment of GH, IGF-1, IGFBP-3, and insulin at 
Van Yuzuncu Yil University Medical School Biochemical 
Laboratory.
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Calculation of BMI for the Identification of Pre-obese 
Participants

Body mass index (BMI) is the most common measure-
ment used for the assessment of obesity. BMI is calculated 
by dividing body weight in kilograms (kg) by the square of 
the body height in meters (m2). 

Table 1. Pre-exercise age, height, weight, and BMI val-
ues of the groups.

Group Age Height 
(m) Kg BMI

20-25 
Years

NON-
OBESE 23 1.73 61 20.4

22 1.78 65 20.5

22 1.72 60 20.3

23 1.75 60 19.6

21 1.75 56 18.3

22 1.70 60 20.7

35-43 
Years

NON-
OBESE 40 1.89 88 24.6 

37 1.70 71 24.5 

38 1.69 70 24.5 

38 1.83 81 24.2 

35 1.73 73 24.4 

35 1.65 66 24.2 

20-25 
Years

PRE-
OBESE 24 1.85 87 25.4

25 1.80 83 25.6

21 1.75 77 25.1

22 1.68 73 25.8

21 1.76 78 25.2

22 1.75 80 26.01

35 -43 
Years

PRE-
OBESE 36 1.65 74 27.2 

37 1.78 87 27.5 

36 1.78 87 27.5 

42 1.65 74 27.2 

35 1.64 70 26.1

39 1.85 100 29.2 

Blood Sampling and Analysis
Prior to exercise, 5 cc of blood was intravenously sam-

pled from each participant at fasted state. The samples 
were studied for the assessment of the parameters defined 
in the study and the results were used as pre-exercise val-
ues. At the end of the 6-week program, second blood sam-
ples were collected using the same protocol and the results 
were accepted as post-exercise values. The alterations were 
calculated based on the pre- and post-exercise values. For 
the assessment of GH, IGF-1, IGFBP-3, and insulin levels, 
immunoassay test was performed using Immulite 2000 with 
commercially available Biodepc kits.

Statistical Analysis
Independent-samples t-test was performed for binary 

comparisons and paired-samples t-test was performed for 
comparing pre- and post-exercise values. For the variables 

with normal distribution, appropriate tests were performed. 
Kolmogorov-Smirnov test and the homogeneity of the vari-
ables were taken into consideration. The assumptions of 
parametric tests were fulfilled. p≤0.05 accepted as statisti-
cally significant. 

RESULTS
In the non-obese young subgroup, IGFBP-3 significant-

ly decreased and IGF-1 significantly increased (p>0.05 and 
p<0.01, respectively) (Figure 1 and Figure 2). On the other 
hand, although GH decreased (Figure 3) and insulin level 
increased (Figure 4), no significant change was observed. 
Table 2 presents the pre- and post-exercise values of the pa-
rameters in all participants.

Figure 1. Comparison of pre- and post-exercise IGFBP-3 
values in all participants.

* Statistically significant

Figure 2. Comparison of pre- and post-exercise IGF-1 
values in all participants.

* Statistically significant

Figure 3. Comparison of pre- and post-exercise GH values 
in all participants.
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Figure 4. Comparison of pre- and post-exercise insulin 
values in all participants.

Similarly, in the pre-obese young subgroup, although 
IGFBP-3 and GH were decreased, IGF-1 and insulin were 
increased, but these changes were not significant. 

In the non-obese middle-aged subgroup, insulin and IG-
FBP-3 were decreased and, GH and IGF-1 were increased in 
the post-exercise period insignificantly.

In the pre-obese middle-aged subgroup, a significant de-
crease was found in IGFBP-3 (p<0.05), whereas no signif-
icant decrease was observed in insulin level. However, GH 
and IGF-1 increased insignificantly.

DISCUSSION
It is well-known that sedentary lifestyle could be ac-

counted for many chronic diseases. Even though many stud-
ies are available on the effects of exercise young and elder-
ly people, the age groups in between are mostly neglected. 
However, any kind of exercise interventions in these age 
groups might have a greater chance to prevent and reverse 
age-related deterioration of overall health as metabolic pa-
rameters do not change significantly at those age groups yet. 
GH/IGF-1 axis and insulin levels are regarded as important 
parameters for healthy aging (6, 7). The present study inves-
tigated the effect of regular submaximal running exercise on 
the alterations in the GH/IGF-1 system and on insulin and 
IGFBP-3 in sedentary non-obese and pre-obese young and 
middle-aged individuals.

Previous studies suggest that short-term exercise pro-
grams that last only for several weeks could not be sufficient 
for evaluating general health parameters since they can only 
change by long-term exercise programs that last for several 

months. It is also proposed that adaptation to any exercise 
program takes several weeks, particularly in middle-aged or 
older individual. Additionally, a minimum of 15-20 weeks 
are necessary to achieve health benefits of the exercise pro-
gram (8). However, some other studies indicated that 4-6 
weeks could be sufficient for evaluating the time-dependent 
effects of an exercise program, particularly after the adapta-
tion period, and also for assessing the relative alterations in 
several parameters (9).

The GH/IGF-1 system has a direct effect on the glucose, 
lipid, and protein metabolism in human subjects. During 
physical exercise, the need for energy increases and a num-
ber of hormonal changes occur. It is also known that regu-
lar exercise alters the body composition depending on the 
type of the exercise performed. Moreover, acute changes 
are likely to occur in the GH/IGF-1 system in adults with 
GH deficiency (10), runners (11, 12), strength athletes (13), 
and in healthy volunteers (14). But these hormonal changes 
have not been reported in all studies. For example Grandys 
et al observed no changes in resting serum concentrations of 
GH, IGF-I, IGFBP-3, and IGF-I/IGFBP-3 ratio after the 20 
weeks of endurance running training (12).

Thomas et al. evaluated 19 healthy volunteers including 
class 1 obese (BMI, 30.00-34.99), class 2 (BMI, 35-39.99)/
class 3 (BMI, ≥40) obese, and 9 lean men and reported that 
no increase was observed in the post-exercise insulin levels 
in all these groups (15). Gregory et al. evaluated non-obese 
women (mean age, 20.3 ± 0.3 years) and reported that GH, 
total IGF-1, and IGFBP-3 significantly increased (p<0.05) 
and free IGF-1 concentration decreased following endurance 
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and resistance exercises (16). Mohajeri Tehrani et al. eval-
uated 20 middle-aged participants and reported that IGF-1 
and IGFBP-3 increased significantly and insulin resistance 
decreased insignificantly following submaximal endurance 
training using a cycle ergometer (17). In the present study, 
insulin level increased and GH decreased, whereas IGFBP-3 
decreased significantly (p<0.05) and IGF-1 value increased 
significantly (p<0.01) in non-obese young participants. 
Similarly, in pre-obese young participants, insulin level in-
creased and GH decreased, whereas levels of IGFBP-3 and 
IGF-1 did not change.

Studies on physical exercise indicate that acute hormon-
al response to exercise is weakened with age and this oc-
currence can be explained by the lower exercise intensity 
in elderly women. It is also postulated that physical exer-
cise has the capacity to affect the hormones as a result of 
changes in protein carriers and receptors. Therefore, the val-
ue and safety of hormone supplements should be carefully 
examined, particularly when used in combination with an 
exercise program (18). In the present study, the middle-aged 
individuals had higher positive hormone sensitivity to exer-
cise compared to young individuals. However, another study 
reported that elderly participants (mean age, 65.5 years) ex-
hibited similar hormonal response with young (mean age, 
22.9 years) and middle-aged participants (mean age, 44.9 
years) following an acute submaximal cycling training (19). 
Contrary to the findings of this study, the middle aged par-
ticipants of our study showed a more effective response to 
exercise when compared to the young. This could be due 
to the longer duration and different types of exercise in the 
other study.

Poehlman and Copeland assessed serum concentrations 
in healthy non-obese young and elderly men, characterized 
for maximal aerobic capacity and energy expended in lei-
sure-time physical activity, in order to investigate the hy-
pothesis that a lower level of physical activity affects the 
age-related reduction in IGF-1. The authors concluded that 
the age-related decrease in IGF-1 can be affected by various 
factors but the reduction in IGF-1 in elderly men is partially 
associated with reduced physical activity (3). In the present 
study, IGF-1 significantly increased in non-obese young par-
ticipants (p<0.01) but increased insignificantly in pre-obese 
young participants. Yamaguchi et al. evaluated 19 individ-
uals aged 46-54 years with a BMI >25 kg/m2 and reported 
that IGF-1 increased by 5.8% following the exercise and se-
rum GH increased from 0.69±0.59 to 1.25±0.78 following 
the training (20). However, Kanaley et al. investigated the 
effect of submaximal exercise on IGF-1 activity in patients 
with GH-deficiency and healthy subjects and reported that 
no change was observed in IGFBP-3 and IGF-1 but the GH 
levels increased in healthy subjects (21). In our study, in-
sulin levels   tended to decrease, whereas GH levels tended 
to increase in pre-obese middle-aged participants. However, 
IGFBP-3 levels decreased significantly, and IGF-1 levels in-
creased insignificantly in the same group. In another study, 
Chadan et al. evaluated healthy elderly women and reported 
that GH increased by 1.3-2.6 times (p<0.05) following phys-
ical activity but IGF-1 was not affected by physical activity 
(22). In our study, IGF-1 was found to be affected by physi-
cal exercise in middle-aged participants.

Studies show that plasma insulin levels may decrease 
by 35% following any type of physical activity including 
low- and high-intensity and short- and long-term exercise 
programs (21). Likewise, in this study, the plasma insulin 
levels after exercise decreased in the non-obese and pre-

obese subgroups of the middle-age group.
In our study, the GH/IGF-1 system in the middle-aged 

group exhibited a more effective hormonal response to exer-
cise both in non-obese and pre-obese participants compared 
to young participants and their insulin levels decreased and 
GH levels increased as well. Thomas et al. also reported that 
implementing certain exercise program variables can ame-
liorate attenuated GH response in obese people, although 
obesity has negative effect on circulating GH-IGF-1 axis 
(15). Under the lights of the present study and the others, it 
is likely that the GH/IGF1 system has a dynamic activity in 
which changes occur with age and sexual maturation, and is 
affected by body composition and other factors (10). How-
ever, the IGFBP-3 and IGF-1 levels in the young group ex-
hibited a more effective response in non-obese participants. 
It was also revealed that the young and middle-aged groups 
exhibited different responses to the same exercise intensi-
ties. Moreover, the results also indicated that the pre-obese 
participants had the initial signs of obesity. 

Results of the present study reveal hormonal respons-
es of middle-aged non-obese and pre-obese subjects have 
increased GH and IGF-1 levels and also decreased insulin 
levels. These finding suggest that normal age related de-
terioration in sedentary middle age groups could be im-
proved through exercise intervention programs, by which 
disturbed metabolic processes could be diverted toward 
normal course. In another study, similar to the present find-
ings, whole-body insulin sensitivity index was found to be 
increased after acute exercise in sedentary obese group but 
not in obese group who have regular physical activity (23). 
Acute exercise ameliorates differences in insulin resistance 
between physically active and sedentary overweight adults. 
The results obtained from pre-obese and non-obese young 
subjects were contrary to the expected outcome which could 
be explained by different metabolic activity levels between 
young and middle aged groups. 

In conclusion, it could be said that it would not be too 
late for middle-aged individuals who had no regular exercise 
during early adolescence to start having regular exercise in 
middle age, in which the adverse effects of sedentary life-
style on the health can be seen. Moreover, individuals with 
higher body weight, compared to non-obese individuals who 
are not classified as obese despite having metabolic signs of 
obesity, are more likely to reverse their situation by perform-
ing regular exercise. In particular, it seems that performing 
regular submaximal exercise with an intensity of 30 min ses-
sion/day is essential for sustaining a healthier life especially 
for middle-age people. More research is needed to study the 
effects of different types of exercise in middle-age sedentary 
subjects with a larger number of groups.   
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