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Abstract

Purpose: This study aimed to investigate the effects of eight weeks of regular aerobic exercise combined 
with milk consumption on angiotensin II, ACE and AT1 levels in obese prepubertal boys.

Material and  Methods: 28 healthy obese prepubertal boys, 9 to 11 years old, were selected and randomly 
divided into four groups: exercise (Exe), exercise-supplement (Exe-Sup), control (Con) and supplement (Sup). 
Exercise program included three sessions of aerobic exercise (60% - 75% of maximum heart rate). Milk 
consumer groups received 300 ml of low-fat cow milk every day. Blood samples were collected before and 
after the eight weeks.  

Results: After eight weeks, a significant reduction was observed in angiotensin II, AT1, and ACE levels in 
the Exe (p= 0.000, p=0.000, p= 0.000 respectively), Exe-Sup (p= 0.000, p=0.000, p=0.002 respectively) and 
Sup group (p= 0.000, p=0.001, p=0.000 respectively). 

Discussion  and Conclusion: The results showed that regular aerobic exercise may decreased angiotensin II, 
AT1 and ACE indices and that, this effect was highly intensified when exercise was combined with milk 
consumption. However, further study is required for more accurate results.
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Introduction 

Epidemiological studies show that obesity is a 
common disease in the present era that has become a 
problem of global concern [1,2]. Many internal and 
environmental factors play a role in formation and 
prevalence of obesity such as cultural, social, 
economic, and genetic factors, as well as lifestyle and 
diet [3]. Obesity paves the ground for cardiovascular 
diseases and hypertension, which are the main causes 
of death in the world [4]. Studies show that many 
adulthood diseases are rooted in childhood, including 
cardiovascular disease, hypertension, atherosclerosis, 
and renal failure, which in turn, pave the way for non-
communicable diseases [5]. Previous studies have 
shown that chronic hypertension leads to disturbance in 
fluid balance and homeostasis of the body by damaging 
various body tissues, including the heart and blood 
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vessels [6]. On the other hand, the mentioned non-
communicable diseases, in turn, restrict mobility and 
intensify this closed cycle [7]. Available evidence 
indicates widespread prevalence of hypertension 
worldwide, and children and adolescents are not 
excluded [8]. Treatment of childhood obesity requires a 
long-term process, contrary to the prevention and 
treatment of its related diseases including hypertension, 
especially in the critical period of puberty. Therefore, 
taking advantage of preventive intervention programs, 
such as exercise and nutritional programs seem logical 
[9]. Angiotensin II, Angiotensin-Converting -Enzyme
(ACE) and Angiotensin II Receptor (AT1) are 
biomarkers with peptide chemical structure, which 
have a powerful function in the renin-angiotensin 
system in increasing blood pressure and are considered 
as an index of inflammation in the target tissue [10].
Exercise and nutrition affect the mentioned biomarkers. 
It has been found that good physical activity has a 
positive effect on health levels [11]. In a study on obese 



44 Effects of Aerobic Exercise with Milk on Angiotensin II, ACE and AT1 levels

people with hypertension, Schoenenberger et al. (2007) 
showed that weight loss through diet intervention 
resulted in a significant decrease in blood pressure at 
rest and exercise modes, along with improved cardiac 
output status [12]. Habibzadeh et al. (2010) reported 
that regular exercise reduced cardiovascular risk factors 
by changing lipoprotein metabolism [13]. About the 
role of nutrition, milk is a perfect food with a high 
value in growth, metabolism, and the immune system. 
Unfortunately consumption of milk as compared to 
other sweetened beverages, has decreased among 
children and adolescents during the past ten years and it 
is likely to be an important factor in the prevalence of 
obesity and hypertension [14]. It has been shown that 
the consumption of milk and dairy products balances 
metabolism and reduces some inflammatory indicators 
[15]. The study by St-Onge et al.(2009) revealed that 
very low-fat milk consumption by children improves 
their insulin levels [16]. Having too much calcium and
peptides bondable with peptide ligands of biomarkers 
of angiotensin II, AT1 and ACE, milk inhibits these 
inflammatory indicators in the renin-angiotensin 
system and decreases blood pressure [17]. There are 
quantitative studies on the effect of exercise combined 
with milk consumption in childhood before the age of 
puberty, but most previous studies had a therapeutic 
approach and were associated with adults and animal 
specimens suffering from hypertension [18, 19]. The 
present study examined the effects of regular aerobic 
exercise combined with milk consumption on 
angiotensin II, AT1 and ACE levels in obese 
prepubertal boys. 

Material and Methods
Subjects

This study was a quasi-experimental, clinical trial 
with a control group and a pre-test, post-test design. 
The study population consisted of obese boys in A 
zadshahr City, in 2012. For the purposes of this study, 
28 healthy, obese children 9 to 11 years old with, a 
BMI above the 95th percentile of the standard for sex 
and age, without athletic background, disease and 
lactose allergy, who could stand the daily 
consumption of 300 mL of low-fat cow milk , 
provided that their parents were not suffering from 
non-communicable diseases of diabetes, 
cardiovascular and hypertension volunteered to take 
part in the study. (Table 1 shows the subjects' 
characteristics). Subjects were then divided into four 
groups: exercise (Exe), exercise-supplement (Exe-
Sup), control (Con) and supplement (Sup). Before the 

exercise protocol, all subjects completed a consent 
form and a sports-medical record questionnaire. 
Height and weight of subjects were measured using a 
standard digital scale and diometer with a precision of 
0.1 kg and 0.1 cm  respectively. 

Exercise protocol included doing aerobic 
exercises for 8 weeks, three 90-minute sessions per 
week. Each exercise session included 10 minutes of
general warm-up, 10 minutes of specific warm-up, 
60 minutes of aerobic exercise and doing basic and 
exclusive techniques of karate within the desired 
heart rate range, and 10 minutes of cool-down. 
Using Polar) chest belts (f-11, Germany, the
intensity of exercises for the first week was 
determined 60% of maximum heart rate to which 
5% was added progressively every two weeks so 
that in the last week, 75% of maximum heart rate 
was considered for the subjects' exercises [17].

Diet and supplements 
According to the nutritional protocol used in the 

study by St-Onge et al. (2009), foods were divided into 
three main categories [16]. The first category included 
foods without restrictions on the amount and timing of 
consumption, such as low-fat fruits and vegetables. The 
second category was composed of low-fat protein (fat 
<9%), low-fat dairy products (fat <5%), low-fat grains 
(fat <3%), starchy grains and vegetables (fat <3%) with 
restrictions on energy production; they were consumed 
five times a week (three main meals a day and 3 to 8 
Snack). The third category included fatty proteins (fat 
>9%), fats, vegetables and grains (fat >3%) and other 
similar high energy foods, with this restriction: they 
were consumed as a meal only one day in a week, or 
the same meal was split in the same day or some 
consecutive days within a week. One week before the 
start of the study, all subjects were instructed to identify 
foods and how to read food labels and consume foods 
in a training/justification session; and at least one parent 
attended the training and justification programs. To 
complete the present plan, the program was set up 
separately for each group to use drinking supplements 
combined with their basic daily diet in such a way that 
the supplement groups received 300 ml of natural low-
fat cow milk (1% fat) every day. On the contrary, the 
control and exercise groups received 200 ml of other 
sugar drinks, twice a day, with the same amount of 
energy produced during a week. During the research 
program, all groups were monitored and consulted by a 
physician and nutritionist. 24 hours before the start of 
the first session and 48 hours after the end of the last 
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exercise session, 7 cc blood samples were taken from 
the brachial vein after 12 to 14 hours of fasting, and 
between 8 and 10 o’clock in the morning. Once serum 
was obtained from heparinized blood using floating 
centrifuge vessel (3000 rpm) for 10 minutes, the 
measurement of angiotensin II and AT1 was done by 
the ELISA method using specific kits ( Cusabio 
company, China) with sensitivity 0.04 ng/m. Moreover, 
ACE was measured by the uv/fixed method using ACE 
kit (Ziestchem Diagnostice Tehran Company, Iran) 
with a sensitivity range of 3-150 U/L. For the 
assessment of inter-group variations, paired t-test was 
used. To determine the differences between groups, 
one-way analysis of variances (ANOVA) with the post 
hoc Tukey test was used. The Shapiro Wilkie test was 
used to assess normality of the variables distribution . 
P-values <0.05 were considered statically Significant. 

Results
The general characteristics of the participants are 

presented in table 1. After 8 weeks, a significant 
reduction was observed in angiotensin II levels in 
Exe-Sup (P=0.000), Sup (P=0.000) and Exe groups 
(P=0.000) groups. A significant reduction was also 
observed in AT1 levels in Exe-Sup (P=0.000), Exe 
(P=0.001), Sup groups (P=0.001). Assessment of 
other data revealed a significant reduction in ACE 
levels in Exe-Sup (P=0.002), Exe (P=0.000) and 
Sup groups (P=0.000). tukey test results also 
showed that there was a significant difference in 
ACE levels between the Exe and the Exe-Sup 
groups (p=0.027), between the Con and Sup groups 
(p=0.042) and in AT1 levels between the Exe and 
Exe-Sup groups (p=0.003) (Figure 1). 

Table 1: Clinical characteristics of study subjects at baseline

Variables EG(n=8) E-SG (n=8) SG (n=8)               CG(n=8)                P value

Age, yr 11.83 ± 6. 9 11.17±4.8 11.33±5.08             10.17 ± 6.34            0.466

Weight, kg 59.5 ± 4.96 58.83±7.88 59.5 ± 6.89              58.67 ± 6.44           0.775

Height, cm 143.5 ± 6.53 145.5 ± 6.5 146.17 ± 3. 5             147.4 ± 3.54           0.602

BMI, Kg/m2 29. 1 ± 5. 4 28.01 ±5.35 27.93 ± 4.13                27.16 ± 4. 5           0.550

Values are presented as mean ± standard deviation. EG, exercise group; E-SG, exercise-supplement group; SG, 
supplement group CG, control group; BMI, body mass index.
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Figure 1: Changes in the measured variables in the 4 study groups before and after 8 weeks. EG, exercise group; E-SG, 
exercise-supplement group; SG, supplement group; CG, control group; An II, angiotensin II; AT1, Angiotensin II 
Receptor; ACE, Angiotensin-Converting-Enzyme; * changes of variables within groups; ¥  significant difference  
between EG and E- SG groups;   £  significant difference  between CG and SG groups.
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Discussion and Conclusion
Exercise and nutrition play an important role in 

reducing obesity. However, obesity gives a lower 
response to treatment as compared to other non-
communicable diseases associated with it, and it 
requires longer treatment period. Therefore, it is 
imperative to identify and control effective factors 
in negative side-effects of obesity, such as 
hypertension [20,21].

The results of this study showed a significant 
reduction in angiotensin II levels as a powerful 
constrictor of blood vessels and multiplier of blood 
pressure in the Exe-Sup, Exe and Sup groups tested 
(figure 1 A). The greatest decrease was associated 
with the Exe-Sup ( 29.2%), Sup(21.43%) and 
Exe(13.26% ) groups. These figures indicate that 
milk consumption led to more reduction in 
angiotensin II levels.

Previous studies in this regard were mostly 
associated with patients, adults and animal 
specimens [22]. Richard et al. (2000) reported that 

due to containing LPP
1

and VPP
2

tripeptides, sour 
milk reduced blood pressure in patient mice by 

adjusting the RAS
3

function and reducing 
angiotensin [23]. Some other studies have reached 
contradicting results. Karandish et al. (2009) did 
not positively evaluate the effect of consuming the 
Whey protein supplement (available in cheese-
water) combined with exercise on hematologic 
changes. It could be due to the type of subjects and 
the level of physical activity [24]. However, our 
data suggests that the reduction level observed in 
the Exe group represented the  lower efficacy of 
exercise as compared to milk in this regards. Due to 
different mechanisms of exercise in reducing blood 
pressure, such as reducing sympathetic activity 
combined with reducing vascular resistance, insulin 
resistance, and stress, as well as greater synthesis of 
nitric oxide (NO) and the production of bradykinin, 
the observed reduction in angiotensin II levels in 
the Exe group may be due to this mechanism [25].
In this regard, a study by Fernandez et al. (2012)
showed that 10 weeks of aerobic swimming 

exercise led to higher concentrations of nitrite in 
blood, endothelial growth, higher absorbance of 
oxygen and citrate synthase, synthesis of NO, lower 
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resting heart rate and blood pressure in mice with 
hypertension [26]. Zamo et al. (2011) observed a 
positive impact of exercise on reducing angiotensin 
II levels of blood pressure in rat, which is 
consistent with the present study. Moreover, the 
results obtained in the Sup group can be attributed 
to the metabolic role of milk in better balancing 
metabolism, which indeed led to higher 
effectiveness of exercise in the subjects [27].

Martinelli et al. (2010) reported that aerobic 
exercise reduced plasma renin activity in patients 
with overweight and hypertension [28]. Dengel et 
al. (1998) positively evaluated the separate effects 
of exercise and a calorie-restricted diet in reducing
overweight and hypertension, but they did not 
observe higher effects in the combined program, 
which is not consistent with the present study and 
may be due to the amount of exercise, subjects'
differences or the lack of milk consumption [29]. In 
general, given that angiotensin is the product of the 
renin-angiotensin system, most studies point to the
role of ACE and AT1 enzymes active in this system 
for producing and absorbing angiotensin II, which 
is also addressed in this study. 

Other result from this study show a significant 
reduction in the ACE levels of the Exe-Sup ( 
29.78%), Sup ( 15.77%) and Exe ( 17.8%) groups, 
(figure 1 B). So aerobic exercise and milk 
consumption alone are effective in reducing serum 
ACE but this effect is far more in a combined 
program. Our results also show that the reducing 
effect of milk was a little higher while the effect of 
the combined program was considerably higher. 
Seppo et al. (2003) reported that daily consumption 
of 150 ml of milk fermented by lactobacillus 
helveticus bacteria reduced ACE levels and 
therefore, systolic and diastolic blood pressures in 
patients with hypertension, but it did not have any
significant effect on healthy individuals. Among 
possible reasons for this result, one can point to the 
different proteins in normal milk (casein) and 
fermented milk (tripeptide) and also the lack of 
physical activity [30]. In this regard, Athithan et al. 
(2009) showed that prolong consumption of both 
proteins of casein in normal milk and tripeptide of 
fermented milk decreased ACE, total cholestrol 
(TC) and Triglyceride (TG) levels in the rats [31].

Thomas et al. (2012) observed that consumption 
of low-fat  milk powder along with high calcium,
led to significant reduction in weight, fat mass and 
biomarkers associated with hypertension, including 



Iranian Journal of Health and Physical Activity 47

ACE in rats. They concluded that high calcium 
consumption along with a good diet was more 
effective in improving obesity and hypertension 
[32]. In this regard, Jinaping et al. (2006) found that 
tripeptide (VPP) and dipeptide (IPP) in fermented 
milk could be combined with peptide bonds of 
ACE, which has a key role in the RAS and also 
bradikinin degradation (vascular dilating substance 
secreted from endothelial cells), so they could 
inhibit and reduce blood pressure through reducing 
angiotensin synthesis and dilating blood vessels. On 
the other hand, by affecting the synthesis of protein 
and amino acids, they increase hydrophobic 
properties of the cell wall and regulate interstitial 
water [33]. The results of these studies are 
consistent with the present study that could be due 
to milk consumption in common. Moreover, the 
observed reduction of ACE in the Exe group might
be caused by various mechanisms. Boix et al. 
(2004) reported that regular and continuous 
exercise and captopril medicament consumption, 
each inhibited and reduced ACE. However, this 
effect was not intensified in a combined program
[34,35].

The other result of this study showed a decrease 
in AT1 levels in the Exe-Sup (74.53%), Sup ( 
41.05%) and Exe ( 38.76%) groups (figure 1 C). It 
indicates the more effective role of milk as 
compared to aerobic exercise and specifies that 
either aerobic exercise or milk consumption had a 
favorable effect on reducing AT1 levels. However 
this effect was higher in aerobic exercise combined
with milk consumption. Some studies consistent 
with the present study considered a prominent role 
for exercise and physical activity in AT1 inhibition,
and some others for the consumption of milk and 
dairy products. Sipola et al. (2001) positively 
evaluated the effect of long term consumption of 
milk and peptides available in dairy products in the 
inhibition of ACE and AT1, which has a key role in 
the RAS, only in rats with hypertension. 
Inconsistent results might be due to the type of 
subjects and lack of physical activity [36].

Siampone et al. (2011) observed that swimming
training for 6 to 16 weeks significantly reduced 
AT1 levels and creatinine excretion, increased
sodium excretion through kidneys and urine, and 
reduced blood pressure in rat. Their results are 
consistent with the present study in terms of 
reduced AT1 levels and modulated RAS activity, 
and are inconsistent, in terms of having healthy 

subjects. This difference could be due to the type of 
subjects and exercise [37]. Adams et al. (2005) 
reported that exercise training reduced oxidative 

agents such as NAD(P)H
1

oxidase and released
nitric oxide by reactive oxygen species (ROS) and 
inhibited AT1 [38]. The reasons for lack of 
similarity between their results and ours might be 
due to the different type of exercise applied, milk 
consumption and/or AT1 inhibitors. 

Results from the present study showed that 
aerobic exercise adjusts the factors affecting the 
incidence of hypertension in prepubertal obese boys 
and that milk supplementation may enhance this
effect. Therefore, in order to obtain better results, it 
is recommended to use a combination of the two 
interventions as a preventive measure for
hypertension incidence in prepubertal obese boys.
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