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Abstract
BACKGROUND: Low Vitamin D levels associated with obesity have reached an epidemic level all over the world. It 
has been supposed that the low serum level of Vitamin D3 in obese subjects may be due to an increase in the uptake 
of Vitamin D3 by adipose tissue.

AIM: The current study aimed to investigate the effect of a specially designed exercise program for boosting lipolysis 
on the Vitamin D level in obese children.

METHODS: Thirty obese male children participated in the study. Their age was ranged from 9 to 11 years. The 
participants were assigned to two groups, Group I (GI) who received endurance exercise (ENE) only and Group II 
(GII) who received the specially designed exercise for increasing lipolysis (ENE preceded by resistance exercise). 
Free fatty acids (FFA), glycerol, and 25(OH)D were assessed before and immediately after exercise.

RESULTS: FFA and glycerol showed a significant increase in both groups following exercise, while 25(OH)D showed 
a significant increase only in GII. GII showed significantly higher levels of FFA, glycerol, and 25(OH)D following 
exercise when it was compared to GI.

CONCLUSION: The application of resistance training before ENE could improve the Vitamin D status through 
increasing the lipolytic activities more than the application of endurance exercise alone.
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Introduction

Obesity is a medical impairment that has several 
influencing factors. Sedentary life, environmental 
factors, and bad eating habits all raise the incidence of 
obesity. Usually, obesity occurs because of increased 
calorie and fatty food intake. Furthermore, the lack 
of physical activities is considered the main factor to 
elevate the prevalence of obesity [1].

The incidence of obesity in the Kingdom of 
Saudi Arabia has reached a critical level. Al-Dossary 
et al. [2] studied the incidence of obesity and overweight 
in the Eastern province of Saudi Arabia. They reported 
that the prevalence of overweight and obesity was 
(19.0% and 23.3%, respectively). It was found that 
about 50% of teenagers have a body mass index (BMI) 
above the 85th percentile. In addition, another study was 
done by El-Hazmi and Warsy [3] at Taif on 216 subjects 
concluded that about 95 of them were overweight.

Obesity associated with low Vitamin D levels 
has reached epidemic levels all over the world [4]. 

Adipose tissues are the main poles of Vitamin D3 in 
the body [5], [6], [7]. It has been reported that the high 
uptake of Vitamin D3 by adipose tissue may cause 
low Vitamin D3 serum levels in obese subjects. The 
adipose tissue may have an important role in the 
production’s regulation of 25(OH)D3 in the liver [7]. 
The gradual release of Vitamin D3 from adipose 
tissue throughout fasting time has been reported by 
Wortsman et al. [5]. However, in normal conditions, the 
elevated accumulation of Vitamin D in adipose tissue 
is not adequately secreted to general circulation to 
maintain serum 25(OH)D3 level. Wortsman et al. [5] 
reported that the correlation between obesity and 
Vitamin D deficiency may be due to its deposition in 
the body fat compartments. In addition, Vimaleswaran 
et al. [8] stated that Vitamin D in the subcutaneous 
adipocyte has an important function that is to regulate 
the expression of adipocyte gene, which enhances the 
adipocyte production and impedes adipocyte apoptosis.

Aerobic and endurance exercises (ENEs) 
improve the lipolysis of white adipose tissue and 
mobilize free fatty acids (FFAs), so they can decrease 
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adiposity [9], [10], [11]. In addition, it enhances the 
synthesis of certain proteins such as GLUT4 and PGC1α 
[9], [11], [12]. Several studies [9], [10], [12], [13], [14] 
have mentioned that exercise training decreases the 
size of adipocyte and lipid contents and enhances the 
expression of GLUT4 and PGC1α which have been 
noticed in the viscera and subcutaneous fatty tissues.

Adipose tissue is believed to be an important 
source of fatty acids and energy during aerobic training. 
Aerobic exercise improves blood flow in adipose 
tissue and increases fat mobilization through lipolysis 
as it stimulates insulin and adrenergic factors, and 
consequently, increases fatty acids supply to skeletal 
muscles [15], [16]. After frequent sessions of exercises, 
adipose tissue induces certain adaptations caused by 
enhancing the response to catecholamines, lipolysis, 
and increasing the serum level of lipids [17], [18], [19]. 
Such adaptation is associated with marked changes 
in gene expression [20], [21]. This effect lasts for 
more than 3 h after exercise, leading to considerable 
lipolysis and release of non-esterified fatty acids from 
adipose tissue into the circulation. It starts around 1 h 
post-exercise according to Narvaez et al. [21]. From 
the previously mentioned, the circulating Vitamin D 
required for lipogenesis can be uptaken through the 
adipose tissue causing Vitamin D deficiency, and at the 
same time, exercises can enhance lipolysis. Hence, 
the current study aimed to investigate the effect of a 
specially designed exercise program for boosting 
lipolysis on the Vitamin D level in obese children. This 
may help in improving Vitamin D status without using 
Vitamin D supplements which could be a cause of 
weight gain that exacerbates the problem [22].

Methods

The current study was conducted between 
October 2020 and March 2021 at the physical therapy 
and laboratory departments, College of the Applied 
Medical Sciences, Taif University. The ethical approval 
was obtained from the research ethics committee, 
Taif University, Taif city, Saudi Arabia (approval 
number 42-0010) and the ethical committee at the 
research and studies department, Directorate of Health 
Affairs, Taif, Saudi Arabia (IBR Registration number with 
KACST, KSA HAP-02-T-067) (approval number, 428).

Subjects

Thirty obese male children participated in the 
study. The sample size was detected using the G* Power 
(power, 0.95; α = 0.05; effect size = 0.7, Pillai V = 0.33). 
Their BMI percentile was equal to or greater than 
the 95th percentile. Their ages were ranged from 9 to 
11 years. They were selected from the elementary 

and primary schools at Taif. The subjects neither 
were involved in regular exercises nor took Vitamin D 
supplements or any medications that affect their Vitamin 
D status during the past 3 months. The participants were 
excluded if they had previous injury or deformity of the 
lower extremities which required medical intervention 
or had other confounding conditions that affect their 
Vitamin D metabolism. In addition, they were excluded 
if they participated in weight reduction programs during 
the past 3 months.

The children’s guardians had signed a 
written consent form before intervention. The simple 
randomization approach was used to assign the 
participants into two groups, Group I (GI) who received 
ENE only and Group II (GII) who received ENE preceded 
by resistance exercise. The study was double blinded, 
neither the participant nor the investigator was aware of 
the group to which the children belonged.

Anthropometric measurements

The subjects’ body weight and height were 
detected using Seca 700 scale. The BMI was obtained 
by dividing the body weight in kilogram by the square 
of the height in meter. The BMI percentile was used to 
calculate the participant’s degree of obesity according to 
the American Academy of Pediatrics recommendations. 
Whole-body DEXA measurements were done using the 
fan-beam mode to determine the total body fat mass. 
The children were examined while they were in the 
supine position with arms at their sides and wearing 
light clothes.

Exercise intervention

The exercise intervention was conducted at the 
physical therapy department from 9 to 11 am. Children in 
GI performed the endurance exercise (ENE) only while 
children in GII were engaged in the resistance training 
followed by 20 min of rest then the endurance exercise 
(RREN) which significantly increases the lipolytic 
activities than ENE alone [23]. Light intensity treadmill 
training was used as endurance training. The Martti 
Karvonen formula was used to calculate the exercise 
intensity (exercise target heart rate = heart rate reserve 
(HRR) × 50% + rest-heart rate (RHR). The formula 
“HRR= max-HR–RHR” was used to calculate the heart 
rate reserve while the formula “Max-HR = 220-age” was 
used to calculate the Max-HR. The speed of treadmill 
training was initially 2 km/h and then was increased 
gradually by 0.5 km/h every 1 min until reaching the 
exercise target heart rate which was maintained for 1 h.

The resistance exercise intervention was 
adopted from Goto et al. [23]. The subjects in GII came 
to the physical therapy department 2 days before 
the intervention from 9 to 11 am. The weight stack 
machine was utilized to determine the participant’s 
one-repetition maximum (1RM) for pull-down, shoulder 
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press, butterfly, arm curl, and squat exercises. A warm 
up of stretching exercises to the involved muscles and a 
set of 10 repetitions of the selected exercises using one 
plate which weighed 5 pounds was performed before 
determining the 1RM. After a rest for 1 min, the load 
gradually increased until the child was unable to perform 
the exercise. About 75% of the 1 RM was used during 
the exercises’ sets. The resistance training consisted of 
three sets of 10 repetitions for each exercise, with 1 min 
rest after each set.

Blood analysis

The instructions were given to the participants 
to fast 10–12 h before the intervention. All participants 
came to the physical therapy lab at the same time 
of the day from 9 to 11 am. Five milliliters of blood 
were withdrawn just before and immediately after the 
exercise. Lipolysis was assessed using the serum 
level of the glycerol and the FFAs while Vitamin D was 
assessed using the 25(OH)vitamin D serum level. The 
examiner collected the blood in a tube without adding 
anticoagulants. The blood was centrifuged at 2500 
× g for 20 min after clotting at room temperature for 
30 min. The glycerol serum level was assessed using 
Cell Biolabs’ free glycerol assay kit (Cat. No. STA-398) 
just before and immediately after the exercise. The 
kit measures free, endogenous glycerol by a coupled 
enzymatic reaction system. The glycerol produces 
hydrogen peroxide when it is phosphorylated and 
oxidized. The hydrogen peroxide reacts with the kit’s 
colorimetric probe (absorbance maxima of 570 nm). 
For the assessment of human FFA, we used Abcam 
FFA colorimetric assay kit (Cat. No. ab65341). 25(OH)
vitamin D serum level was analyzed using an ELISA 
assay kit (Abcam Human Vitamin D ELISA Kit, USA) 
(Cat No. ab213966).

Study design and statistical analysis

The current study is a clinical controlled 
trial. Statistical analysis was performed using SPSS 
version 26 for Windows. Repeated measure MANOVA 
within and between-subjects effect and Bonferroni 
pairwise comparison were used to determine the 
differences between the study groups and the influence 
of intervention within each group. The differences were 
considered significant when p < 0.05 was considered.

Results

Baseline comparisons

The results of the current study revealed 
that there was no significant difference between the 

two groups before the intervention neither in the 
demographic data nor in the measured study variables 
(Table 1).

Table 1: Bonferroni pairwise comparisons for baseline 
characteristics of the study groups
Variables GI M ± SD GII M ± SD p
Age 10.29 ± 1.14 10.73 ± 0.98 0.263
Height 1.48 ± 0.13 1.49 ± 0.14 0.840
Weight 48.62 ± 7.59 48.31 ± 7.91 0.913
BMI 22.09 ± 2.2 21.64 ± 2.13 0.577
BMI percentile 96.60 ± 1.06 96.07 ± 0.96 0.159
Total body fat mass (kg) 21 ± 3.27 19.75 ± 3.6 0.330
25(OH) VD ng/ml 17.23 ± 5.33 17.54 ± 4.63 0.410
FFA mmol/L 0.32 ± 0.12 0.29 ± 0.08 0.866
Glycerol mmol/L 0.56 ± 0.12 0.57 ± 0.10 0.859
M: Mean, SD: Standard deviation, BMI: Body mass index, FFA: Free fatty acid, GI: Group I, GII: Group II.

Within subjects comparisons

The sphericity of data was not met, and the 
value of epsilon was <0.75 so the Greenhouse-Geisser 
adjustment was used to determine the within-subjects 
effect. Bonferroni pairwise comparisons revealed that 
serum levels of glycerol and FFA showed a significant 
increase immediately after exercise in both groups. 
Regarding the 25(OH)D, there was a significant 
increase only in GII post-intervention (Table 2).

Between-subjects comparisons

The study’s data were homogenous. The data 
homogeneity was indicated by Levene’s test of equality 
of error variances, which showed non-significant values. 
Between-subjects’ effects showed a highly significant 
difference between both groups. Bonferroni pairwise 
comparisons showed a highly significant increase in 
the serum levels of the 25(OH)D, FFA, and glycerol 
following exercise in GII when it was compared with GI 
(Table 3).

Correlation between 25(OH)D, FFA, and 
glycerol post-exercise intervention

Pearson’s correlation showed that there was a 
significant positive correlation between 25(OH)D, FFA, 
and glycerol following exercise intervention (Table 4).

Discussion

The current study was conducted to investigate 
the effect of a specially designed exercise program 
for boosting lipolysis on the Vitamin D level in obese 
children. The findings of this study revealed that there 
was a significant increase in the serum level of FFA 
and glycerol following both ENE and RREN, while 
the 25(OH)D significantly increased only after RREN. 
Furthermore, the serum levels of FFA, glycerol, and 
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25(OH)D were significantly higher after RREN when 
it was compared with ENE immediately following 
exercise.

Petridou et al. [24] agreed with the current 
findings when they mentioned that the lipolytic activities 
during exercise are increased by ENEs, but these 
activities could be heightened if the resistance exercise 
and the endurance regimen are combined. Kraemer et al. 
[25] reported that high-intensity exercise is considered 
a powerful stimulus for intensifying endocrine activities. 
Catecholamine and growth hormone are considered 
the most important enhanced hormones which have a 
powerful lipolytic effect [26], [27] and are responsible 
for lipolysis and the increase in serum glycerol and 
FFA concentrations during the subsequent aerobic 
exercise [28]. From the same point of view, Thompson 
et al. [28] supported these results when they reported 
that a single bout of exercise increases the adipose 
tissue blood flow and enhances fat mobilization, 
resulting in a conveyance of FFA to the skeletal muscles 
at a rate compatible with metabolic necessities. They 
concluded that physical activity may lead to useful 
dynamic alterations in the adipose tissue in response to 
each exercise bout.
Table 3: Between-subjects effect and Bonferroni pairwise 
comparisons of the study variables
Between-subjects effect
Source F p
Groups 13.501 0.001
Bonferroni pairwise comparisons
Variables GI (M ± SD) GII (M ± SD) MD p
25(OH) D ng/ml 20.85 ± 

4.34
27.20 ± 4.18 −6.35 0.000

FFA mmol/L 0.60 ± 0.12 1.11 ± 0.13 −0.51 0.000
Glycerol mmol/L 1.25 ± 0.30 2.57 ± 0.35 −1.31 0.000
MD: Mean difference, M: Mean, SD: Standard deviation, FFA: Free fatty acid, GI: Group I, GII: Group II.

The results of the current study showed that 
the combination of resistance training and endurance 
training with 20 min of rest in between led to higher 
serum levels of FFA and glycerol when it was compared 
to endurance training alone. This came in agreement with 
Goto et al. [23] who conducted a study to investigate the 
influences of resistance exercise followed by endurance 

training on lipid metabolism at several recovery stages. 
They concluded that prior resistance training with a short 
recovery period (20 min) had the best results regarding 
the increase in the lipolytic activities. Enevoldsen et al. 
[29] came inconsistent with these findings when they 
stated that the exercise training either in the fasted or in 
the fed state advances lipolysis approximately 2–3 times.

In addition, 25(OH)D showed a significant 
increase immediately after training with RREN when it 
was compared to pre-training or after training with ENE. 
This may be attributed to the increase in the adipose 
tissue lipolysis as when the stored triacylglycerol 
is hydrolyzed, Vitamin D metabolites may also be 
released from the adiposities as reported by Hengist 
et al. [30].

Moreover, Sun et al. [31] confirmed the 
current study findings when they examined the effect 
of acute ENE on the 25(OH)D serum levels in young 
adults. They stated that the application of 30 min 
of cycling exercise at 70% maximal oxygen uptake 
significantly increased the 25(OH)D concentration 
immediately after exercise. They attributed these 
changes to the metabolic influences of exercise on 
body fat. From the same point of view, Żychowska 
et al. [32] coincided with the study results when they 
investigated the effect of fasting and exercises on 
Vitamin D metabolism. They mentioned that there 
was an increase in the serum 25(OH)D3 levels 
following exercises which may be related to the 
increased lipolytic activities. In addition, the results of 
Mieszkowsk et al. [33] supported the current study’s 
results as they concluded that ultramarathon exercise 
significantly raises the serum levels of Vitamin D 
metabolites that may be due to mobilization of 
Vitamin D from adipose tissue.

Furthermore, Aly et al. [34] reported that there 
was a negative correlation between Vitamin D serum 
levels and triglycerides and low-density lipoprotein 
following a swimming exercise in induced type two 
diabetes in rats. They also found that the Vitamin D 
receptors and Vitamin D levels were significantly 
increased post-intervention. On the other hand, 
Maïmoun et al. [35] detected 25(OH)D reduction 
following one session of exhausting exercises but they 
cannot determine the cause for these findings. They 
estimated that the elevation in parathormone levels or 
degradation of 25(OH)D may be the cause for these 
results.

Table 2: Greenhouse-Geisser test and Bonferroni pairwise within-subjects comparisons
Greenhouse-Geisser
Source F p
Variables*pre-post 20.761 0.000
Variables*pre-post*groups 4.201 0.050
Bonferroni pairwise comparisons
Variables GI GII

Pre-intervention
M ± SD

Post-intervention
M ± SD

MD p Pre-intervention
M ± SD

Post-intervention
M ± SD

MD p

25(OH) D ng/ml 17.23 ± 5.33 20.85 ± 4.34 −3.62 0.051 17.54 ± 4.63 27.20 ± 4.18 −9.67 0.000
FFA mmol/L 0.32 ± 0.12 0.60 ± 0.12 −0.28 0.000 0.29 ± 0.08 1.11 ± 0.13 −0.821 0.000
Glycerol mmol/L 0.56 ± 0.12 1.25 ± 0.30 −0.69 0.000 0.57 ± 0.10 2.57 ± 0.35 −1.2 0.000
MD: Mean difference, M: Mean, SD: Standard deviation, FFA: Free fatty acid, GI: Group I, GII: Group II.

Table 4: Correlation between 25(OH) D, FFA, and glycerol 
post-exercise intervention

FFA 
post-25(OH) 
D post

Glycerol 
post-25(OH) 
D post

FFA 
post-glycerol 
post

Pearson’s correlation 0.563** 0.612** 0.838**
Sig. (two tailed) 0.001 0.000 0.000
**Correlation is significant at the 0.01 level (two tailed). Sig: Significant, FFA: Free fatty acid.
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Conclusion

It could be concluded that the application 
of resistance training before ENE could improve 
the Vitamin D status through increasing the lipolytic 
activities more than the application of ENE alone.

Limitations of the study

The current study was limited by studying only 
the acute effect of the exercise as the study variables 
were measured once after exercise. Furthermore, the 
body type was not taken into consideration as one of 
the demographic data. This study depended only on the 
serum level of 25(OH)D to evaluate the Vitamin D status.
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