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Effect of 8 Weeks of Aerobic Training Combined with 
Vitamin D Supplementation on Nitric Oxide and En-
dothelin-1 in Patients with Hypertension

Background: This study aimed to investigate the effect of 8 weeks of aerobic exercise combined with 
vitamin D supplementation on nitric oxide (NO) and endothelin-1 (ET-1) in patients with hypertension.

Materials and Methods: In this quasi-experimental study, 40 eligible men and women with 
hypertension were randomly divided into four groups: supplement, placebo + exercise, supplement 
+ exercise, and control. The training program included eight weeks of aerobic exercise running on 
a treadmill for 8 weeks, 3 sessions per week. The supplementation program included the intake of 
vitamin D supplements (2000 IU) daily in a double-blind manner. The placebo program was the intake 
of a capsule containing maltodextrin. Blood sampling was taken to evaluate biochemical variables 48 
hours before and after the intervention in a fasting state.

Results: After 8 weeks of aerobic exercise plus vitamin D supplementation, there was no significant 
effect on body mass index, NO, triglyceride, total cholesterol, high-density lipoprotein, low-density 
lipoprotein, vitamin D level, and weight (P>0.05). However, the ET-1 level and systolic blood pressure 
were changed significantly in the supplement, supplement + exercise, and exercise + placebo groups 
compared to the control group (P<0.05).

Conclusion: Eight weeks of vitamin D supplementation combined with aerobic exercise can reduce 
ET-1 level and improves systolic blood pressure in people with hypertension.
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Introduction

lood pressure is the pressure exerted by 
blood circulation on the wall of blood ves-
sels [1]. Pre-hypertension is defined as sys-
tolic blood pressure of 120-139 mm Hg 
or diastolic blood pressure of 80-89 mm 

Hg, based on two or more blood pressure measurements 
in sitting position [1]. Hypertension, sometimes called 
arterial blood pressure, is a chronic disease in which the 
blood pressure in the arteries rises and is summarized by 
two systolic and diastolic measurements. About 90-95% 
of hypertension cases are classified as primary hyperten-
sion, which is defined as high blood pressure without a 
known underlying cause. The remaining 5-10% is clas-
sified as secondary hypertension [2]. Recently, attention 
has been paid to the inflammatory pathways and media-
tors by which immune cells may contribute to hyper-
tension. When immune cells are activated or bind to a 
target organ, they produce cytokines that determine a lo-
cal inflammatory response that contributes to systemic 
arterial hypertension (AH), atherosclerosis, and adverse 
cardiovascular outcomes [3]. In the systemic AH, proin-
flammatory cytokines and chemokines including TNF-α, 
C-reactive protein (CRP), and monocyte chemoattrac-
tant protein-1 (MCP-1) are released, which are related 
to with the decrease in expression and activity of endo-
thelial nitric oxide (NO) synthase, oxidative stress, and 
decrease in the NO bioavailability [4, 5]. This leads to 
chronic low-grade inflammation, platelet aggregation, 
fibroproliferation and endothelial dysfunction, which is 
a key event in the development of atherosclerosis [4, 5]. 
Endothelial dysfunction is also associated with increased 
endothelin-1 (ET-1), a vasoconstrictor, reducing the ca-
pacity of the endothelium to dilate in response to hemo-
dynamic stimuli [1].

Vitamin D deficiency has previously been shown that 
increase the risk of several diseases including common 
cancers (colon, breast and prostate cancers), diabetes 
mellitus, coronary artery disease, hypertension, ischemic 
stroke, and autoimmune diseases [6]. It is now known 
that, in addition to the musculoskeletal system, most tis-
sues and cell types express specific receptors for vitamin 
D. This includes the immune and cardiovascular systems 
[7]. In recent years, the function of vitamin D in other or-
gans has increasingly been reported. Many pathophysi-
ology studies have shown the cardiovascular protective 
effects of vitamin D. This vitamin reduces the production 
of renin and weakens the activity of the renin-angioten-
sin-aldosterone system and leads to a delay in the onset 
of hypertension, arteriosclerosis and heart failure [8].

An important contributing factor to the reduction in the 
risk of cardiovascular diseases is thought to be improved 
endothelial function. It has been shown that regular aero-
bic exercise (daily walking), independent of weight loss 
and changes in diet, improves endothelium-dependent 
vasodilation in overweight and obese adults [9]. The 
mechanisms responsible for exercise-induced increases 
in endothelial vasodilator function in overweight and 
obese adults are not well understood. Although regular 
aerobic exercise has been shown to have a favorable ef-
fect on the NO bioavailability, the impairment of endo-
thelium-dependent vasodilators in overweight and obe-
sity has been shown to be independent of NO deficiency 
[10]. Mohammadi et al., by examining 16 weeks of aero-
bic exercises with different intensities of low (30-40% 
maximum oxygen consumption) and moderate (55-65% 
maximum oxygen consumption) at 3 sessions per week, 
each for 30 minutes, on 25 obese men with a mean age 
of 52 years, concluded that moderate-intensity aerobic 
exercise leads to an increase in NO [11]. 

According to the existing literature, aerobic exercises 
can be useful in improving the condition of vasodilators. 
Therefore, the present study aims to examine the effect 
of 8 weeks of aerobic exercise along with vitamin D sup-
plementation on NO and ET-1 in patients with hyperten-
sion. It is hypothesized that aerobic exercises along with 
vitamin D supplementation can affect ET-1 and NO.

Materials and Methods

This is a quasi-experimental study with a pre-test/
post-test design. The study population consists of male 
and female patients aged 30-50 years suffering from 
hypertension and vitamin D deficiency in Urmia, Iran. 
The criteria for entering the study were no regular diet 
and exercise program in the past year, age 30-50 years, 
having vitamin D deficiency, having a blood pressure of 
120-139 mm Hg, no specific and metabolic diseases, no 
liver diseases, and not smoking tobacco and consuming 
alcohol (>20 g per day). Exclusion criteria were the ex-
istence of other disorders such as autoimmune hepatitis, 
joint diseases, celiac disease, Wilson’s disease, coro-
nary artery diseases and surgery, kidney failure, hypo-
thyroidism, as well as open surgery and angiography, 
muscular-skeletal injuries affecting the exercise, taking 
special drugs (nutritional and sports supplements), using 
anabolic steroids, and any drugs or supplements during 
the research, any acute illness or discomfort during the 
research, taking antihypertensive drugs, acute injury 
caused by exercise during the research, unwillingness to 
continue cooperation, or medical prohibition.
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The participants were randomly divided into four 
groups of 10 (five women and five men in each group) 
including supplement, placebo + exercise, supplement + 
exercise and control. One week before the start of the 
intervention, the subjects were given the necessary ex-
planations about the research and how to implement the 
protocol, the advantages and disadvantages of participat-
ing in the research, possible inconveniences related to 
blood sampling, and all the points that must be observed. 
Then, the verbal and written informed consents were ob-
tained from them. 

The exercise program for the exercise groups included 
8 weeks of aerobic exercise running on a treadmill (three 
sessions per week, each for 45 minutes) with low inten-
sity (40-60% maximum heart rate). The exercise in the 
first week was started with an intensity of 40% maxi-
mum heart rate; in the second week with an intensity of 
45%; in the third and fourth weeks with an intensity of 
55%; in the fifth and sixth weeks with an intensity of 
55%, and finally in the seventh and eighth weeks with 
an intensity of 60% maximum heart rate. The subjects’ 
heart rate was measured using a Polar heart rate moni-
tor. In all the sessions, the subjects performed stretching 
and soft movements for 10 minutes to warm up and 5 
minutes to cool down at the end of the main exercise. 
The control and supplement groups did not perform any 
regular sports activities during this period [12].

Fasting blood samples (48 hours before and 48 hours 
after the end of the last training session) were taken by 
a laboratory specialist to determine the levels of study 
variables. Blood samples (5 cc) were collected in tubes 
containing EDTA anticoagulant. After centrifugation 
(for nine minutes at 4500 rpm) and plasma isolation, the 
assessment was done by the enzymatic method using 
ELAN 2000 autoanalyzer.

An ELISA kit (Padtan Gostar Isar Co., Iran) was used 
to measure the biochemical factors of lipid profile, in-
cluding total cholesterol (TC), triglyceride (TG), low-

density lipoprotein (LDL) and high-density lipoprotein 
(HDL), as well as the serum level of vitamin D. Also, 
an ELISA kit (Navand Salamat Co., Iran) was used to 
measure the NO level. Moreover, an ELISA kit (ZellBio, 
Germany) was applied for the quantitative measurement 
of ET-1 using the ELISA processor (EUROIMMUN 
Analyzer I-2P, Germany).

All collected data were analyzed in SPSS software, 
version 26, considering a significance level of P<0.05. 
Kolmogorov-Smirnov test was used to check the nor-
mal distribution of data and Levene’s test was used to 
check the homogeneity of variances. Repeated-measures 
ANOVA was used to perform within-group (time effect) 
and between-group (group effect) comparisons. 

Results

The descriptive characteristics of the participants are 
presented in Table 1. There were no significant differ-
ences between the groups in any study variables in 
the pre-test phase (P>0.05). Based on the ANOVA re-
sults, after 8 weeks of aerobic exercises with vitamin 
D supplementation, there was no significant difference 
between the groups regarding BMI, weight, NO, TG, 
TC, HDL, LDL, and vitamin D levels (Table 2); how-
ever, it caused a significant difference in ET-1 (F=13.45, 
P=0.001) and systolic blood pressure (F=6.83, P=0.001). 
After performing the one-way ANOVA test, the results 
also showed a significant difference between the pre-test 
and post-test values of ET-1 level (F=245.53, P=0.01) 
and systolic blood pressure (F=6.83, P=0.01).

Discussion

The purpose of this study was to examine the effect of 8 
weeks of aerobic exercise along with vitamin D supple-
mentation on NO and ET-1 in patients with hyperten-
sion. The results showed that this combined treatment 
caused a significant difference in ET-1 and systolic blood 
pressure, but it had no effect on BMI, weight, NO, TG, 
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Table 1. Characteristics of the participants in each group 

Group
Mean±SD

Age (y) Height (cm) Weight (kg) BMI (Kg/m2) Vitamin D
(nm/mL)

Control 41.2±5.4 159.3±7.4 66.16±12.79 26.13±0.37 28.33±4.66

Supplement 39.1±2.9 159.3±7.4 73.6±6.83 26.07±0.64 30.17±3.81

Supplement +exercise 38.3±3.8 161.2±71.3 69.9±4.43 25.99±0.84 30.17±3.68

Placebo + exercise 45.6±2.9 163.5±6.4 71.3±6.81 25.85±0.74 28.42±8.85
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TC, HDL, LDL, and vitamin D levels. Thus, it had no 
significant effect on lipid profile. Many factors can lead 
to different results regarding the effect of aerobic exer-
cise on lipoprotein levels, such as different durations or 
intensities. Some authors believe that, to maintain this 
effect longer, the aerobic exercises also need to be longer 
and have higher intensities. Dunn et al. [13] suggested 
that, as long as there is sufficient training intensity, short-
term training can also improve plasma lipids. Kraus et 
al. [14] reported that total energy intake and exercise 
intensity were the main factors influencing lipoproteins. 

O’Donovan et al. [15] in a study on the effect of exercise 
intensity on changes in blood lipids, found that in the 
same amount of exercise, a higher intensity can lead to 
more obvious changes in blood lipids. Thus, it can be 
said that possible reason for the lack of change in blood 
lipid levels in this study can be the short duration or low 
intensity of aerobic exercises.

Recent studies have shown that exercise is an effec-
tive non-pharmacological method for treating endothe-
lium disorders, especially due to its chronic effects in 

Table 2. Results of repeated measures ANOVA

Variables Time

Mean±SD

Time Effect Time×Group 
Effect Group Effect

Control 
Group

Supplement 
Group

Supplement 
+ Exercise 

Group

Placebo + Ex-
ercise Group

BMI (Kg/m2)
Pre-test 26.13±0.37 26.07±0.64 25.99±0.84 25.75±0.74 F=35.12 F=11.39 F=2.65

Post-test 26.17±0.36 25.98±0.63 25.24±0.75 25.23±0.75 P=0.03 P=0.11 P=0.54

NO (µmol/L)
Pre-test 8.09±41.38 10.31±42.32 9.56±40.58 13.18±37.77 F=69.16 F=13.61 F=2.06

Post-test 10.14±43.08 13.18±37.77 12.94±62.39 12.31±43.78 P=0.001 P=0.01 P=0.12

ET-1 (pg/mL)
Pre-test 2.72±0.019 2.71±0.013 2.72±0.018 2.72±0.018 F=363.2 F=123.75 F=13.45

Post-test 2.72±0.021 2.55±0.018 1.91±0.017 2±0.019 P=0.001 P=0.001 P=0.001

TG (mg/dL)
Pre-test 138.1±55.06 157.9±98.49 174.5±104.1 108.1±40.04 F=12.01 F=1.27 F=1.43

Post-test 132.07±47.85 133.1±68.03 160.8±84.51 34.33±10.85 P=0.001 P=0.29 P=0.25

TC (mg/dL)
Pre-test 165.3±40.84 148.3±48.89 163.2±50.81 143.3±18.14 F=16.97 F=4.32 F=0.77

Post-test 166.1±38.7 141.7±48.81 147.4±44.5 137.8±19.89 P=0.001 P=0.01 P=0.51

HDL (mg/dL)
Pre-test 45.1±12.32 38.1±9.08 40.6±9.99 40.1±10.28 F=15.78 F=5.85 F=1.13

Post-test 45.5±12.6 39.9±9.14 51.3±8.13 42.5±10.87 P=0.001 P=0.002 P=0.34

LDL (mg/dL)
Pre-test 86.8±27.72 74±33.62 84.7±26.99 68.6±14.56 F=9.87 F=3.15 F=1.15

Post-test 87.4±27.72 71.2±31.35 87.6±22.87 67±14.35 P=0.003 P=0.037 P=0.34

Systolic blood 
pressure 
(mmHg)

Pre-test 137.25±2.76 130.82±2.81 140.5±2.49 129.75±2.49 F=171.09 F=25 F=6.83

Post-test 135.12±2.99 137.37±2.84 124.75±1.49 130.25±2.24 P=0.001 P=0.001 P=0.001

Diastolic 
blood pres-

sure (mm Hg)

Pre-test 89.12±2.22 83.2±2.44 90.37±2.6 79.17±2.5 F=3.12 F=2.63 F=1.57

Post-test 75.1±2.99 69.40±2.24 78.1±2.82 83.97±2.65 P=0.001 P=0.03 P=0.06

Vitamin D 
(nm/mL)

Pre-test 28.33±4.66 30.17±3.81 30.17±3.68 28.42±8.85 F=45.63 F=4.09 F=1.85

Post-test 28.92±4.62 36.92±5.34 37.21±4.13 34.14±7.95 P=0.001 P=0.001 P=0.15

Weight (kg)
Pre-test 66.16±12.79 73.6±6.83 69.9±4.43 71.3±6.81 F=36 F=36 F=2.44

Post-test 66.9±11.89 78.1±6.55 73.6±5.44 76.6±8.36 P=0.001 P=0.001 P=0.08
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increasing eNOS and subsequent NO production [16, 
17]. However, the findings of this study showed that NO 
levels did not change significantly after 8 weeks of aero-
bic exercise plus vitamin D supplementation. Previous 
studies have shown that the type, duration and protocol 
of the exercise, individual differences of the participants, 
and genetic factors may have a role in the discrepancy 
between the results of different studies. The results of 
this research are consistent with the results of Pál et al. 
[18], Bilici et al. [19], Skrzypczyk et al. [20], and Sülü et 
al. [21] while are against the results of some studies [22, 
23]. For example, Hojatoleslami et al. [24] reported that 
8 weeks of aerobic exercise significantly improved the 
NO level in menopausal women with pre-hypertension.

It has been reported that patients with primary hyper-
tension have increased vascular ET-1 activity, which 
may be pathophysiologically related to their increased 
vascular tone [25]. Increased vascular response to ET-1 
has also been reported in an animal model of hyperten-
sion [26]. In addition, ET-1 has a strong proliferative 
activity in vascular smooth muscle cells and, therefore, 
plays a role in the development of atherosclerosis [27]. 
It has also been reported that the expression of ET-1 
increases in human atherosclerotic lesions [28]. On the 
other hand, it is well known that regular exercise has 
beneficial effects on the cardiovascular system [29]. 
Chronic exercise reduces blood pressure in patients with 
moderate blood pressure [30, 31]. The decrease in arteri-
al compliance due to aging causes an increase in systolic 
blood pressure, but exercise can prevent the decrease in 
arterial compliance [32]. The results of these studies are 
consistent with our results. In the study by Meada et al. 
[33] the levels of ET-1 in middle-aged people decreased 
significantly after 3 months of aerobic exercise which is 
consistent with the findings of the present study. In ad-
dition, Nyberg et al. [34] showed that skeletal muscle 
ET-1 levels increase with the increase of age in healthy 
individuals, while exercise reduce skeletal muscle ET-1 
levels in middle-aged and elderly healthy individuals 
[34, 35]. In addition, plasma ET-1 concentration was 
higher in hypertensive subjects which was normalized 
by aerobic exercise. Similarly, aging increased plasma 
ET-1 concentrations in healthy men. They concluded 
that lifelong physical activity opposes this age effect.

According to the results of this study, vitamin D sup-
plementation alone can reduce ET-1 and systolic blood 
pressure. Therefore, it is recommended to use this sup-
plement for people who are probably facing vitamin D 
deficiency and hypertension. Since the use of vitamin D 
supplement along with aerobic exercise improved the 
beneficial effects of exercise on reducing ET-1, it is bet-

ter to take have exercise activity in addition to taking 
vitamin D supplement to reduce high blood pressure.
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