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Research Paper: 
The Effectiveness of Pilates Training and Vitamin D 
Intake on the hs-CRP and TSH in Overweight Men

Background: Vitamin D deficiency is known as a risk factor for various diseases and plays an 
important role in regulating systemic inflammation and thyroid function.

Objective: The study was done to survey the effectiveness of Pilates training and vitamin D 
intake on serum high-sensitivity C-reactive protein (hs-CRP) and Thyroid-Stimulating Hormone 
(TSH) levels in overweight men.

Methods: This clinical trial was conducted on 50 overweight men aged 45-55 years. Subjects 
were selected through available sampling and randomly assigned to the Pilates training, Pilates 
training with vitamin D, vitamin D, and control groups. The Pilates training was performed 
for eight weeks with the intensity of 50%-75% of reserve heart rate in 3 sessions/week. The 
supplement groups received 50000IU vitamin D weekly. The levels of hs-CRP and TSH were 
measured at first and eighth weeks after interventions. The data were analyzed by paired t-test 
and one-way ANOVA (P˂0.05).

Findings: The results showed that 60% and 40% of the subjects had a vitamin D deficiency 
and insufficiency, respectively. Also, eight weeks of Pilates training, vitamin D intake, and the 
combined intervention resulted in a significant decrease in hs-CRP and TSH levels (P<0.05). 
Also, the combined intervention was associated with a stronger effect on the reduction of these 
factors compared with two other interventions (P˂0.05).

Conclusion: It seems that abnormal levels of vitamin D are common in overweight men and 
vitamin D intake, Pilates training, and the combination can improve thyroid function and 
systemic inflammation in overweight men with abnormal vitamin D status. However, the 
combined intervention is associated with stronger effects.
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1. Introduction

verweight and obesity are major health 
problems in developed countries that may 
be associated with low-grade inflammation 
in white adipose tissue [1]. In obese indi-
viduals, macrophage filtration in white adi-

pose tissue is associated with increased local production 
of proinflammatory mediators, which in turn increases 
the acute-phase response and chronic inflammation [2]. 
On the other hand, vitamin D deficiency is also known 
as a risk factor for various diseases and plays an impor-
tant role in modulating the immune system by enhancing 
the innate immune response and inhibitory action on the 
acquired immune system [3]. Thyroid hormones induce 
metabolic activity in most tissues and increase the basal 
metabolic rate in the body. Hypothyroidism is associ-
ated with weight gain, which can often lead to various 
diseases and obesity and affect the body’s metabolism 
[4]. The synthesis and secretion of thyroid hormones are 
regulated by a negative feedback system involving the 
hypothalamic axis and pituitary and thyroid glands [5]. 
Thyrotropin-stimulating hormone secreted by the hypo-
thalamus stimulates the anterior pituitary gland to release 
thyrotropin or Thyroid-Stimulating Hormone (TSH). 

Vitamin D directly affects the pituitary gland, including 
the hypothalamic-pituitary-thyroid axis. The seasonal 
variability of serum TSH concentration in euthyroid sub-
jects and a negative correlation between TSH levels and 
vitamin D status have been reported by Bansal et al. [6]. 
Also, the low levels of vitamin D in patients with hypo-
thyroidism may be due to poor absorption of vitamin D 
from the intestine and the body may not activate vitamin 
D properly [7]. On the other hand, vitamin D deficiency 
increases inflammation, which is associated with cardio-
vascular and metabolic risks [8]. 

In addition, recent numerous studies have demonstrated 
the negative association of vitamin D and various inflam-
mation biomarkers, such as high-sensitive C-reactive 
protein (hs-CRP) [9]. Liefaard et al. [10] have shown that 
higher levels of vitamin D were associated with lower 
levels of CRP. CRP is synthesized in the liver, and adi-
pose tissue produces many pro-inflammatory cytokines, 
such as Tumour Necrosis Factor-α (TNF-α) and Interleu-
kin-6 (IL-6), which are important factors in its synthesis. 
Determination of the hs-CRP level is used to predict the 
risk of diabetes, ischemic heart disease, and cardiovascu-
lar events in healthy obese individuals [11]. Yarparvar et 
al. [8] found a negative correlation between the serum vi-
tamin D level and hs-CRP in both positive- and negative-
hsCRP adolescents. However, higher levels of TSH and 

hsCRP and their positive association have been reported 
in people with subclinical hypothyroidism [10].

Lifestyle changes, including regular physical activ-
ity, have been suggested as strategies to combat obesity 
and improve health problems in the world. Importantly, 
physical activity helps maintain a healthy weight or 
lose excess weight. Even light exercise, such as walk-
ing, swimming, or yoga can improve thyroid function 
through better glandular perfusion and stimulating tis-
sue sensitivity to THS [6]. The results of a meta-analysis 
of 83 studies of randomized and non-randomized con-
trolled trials showed that exercise training was associ-
ated with a decrease in CRP levels regardless of the age 
or sex of the individual, and greater improvements in 
CRP level occurred with a decrease in Body Mass Index 
(BMI) or fat percentage and weight loss [12]. 

Pilates may be one of the most attractive fitness train-
ing suitable for all people. This exercise can release the 
stress of the mind and improve muscle strength and flex-
ibility as well as blood circulation and cardiopulmonary 
function [13]. However, other studies have reported that 
exercise is not effective on TSH and hsCRP levels of 
healthy inactive individuals [13, 14]. The results report-
ed about the association of thyroid function and BMI are 
inconsistent. Some researchers believe that even small 
changes in TSH levels can affect BMI profiles, [15] 
while other studies have shown no correlation between 
normal thyroid status and BMI [16]. In addition, mod-
erate-intensity aerobic exercise is associated with the 
best results in improving TSH [6] and weekly intake of 
vitamin D has a positive effect on people with autoim-
mune thyroid disorders [17]. Therefore, due to the high 
prevalence of vitamin D deficiency or thyroid dysfunc-
tion, low intake of vitamin D with diet, and the develop-
ment of a sedentary lifestyle in current societies, it seems 
necessary to conduct further studies on low-risk non-
pharmacological methods. In this study, we investigated 
the effectiveness of regular Pilates exercises and vitamin 
D intake on CRP and hsCRP levels in overweight men.

2. Materials and Methods 

The present quasi-experimental research was con-
ducted with a pre-test and post-test design and a control 
group in 2019 on overweight (BMI and 25 to 29 kg/m2) 
men aged 45-55 years. The sample size was estimated 
to be 48 using G-Power software and considering the 
test power of 0.8, alpha of 0.05, and the effect size of 
0.5 (12 people in each group) that with more caution, 
13 people were considered for each group [18]. In the 
first step, from the volunteers who were enrolled in the 
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sports clubs, 56 volunteers were selected using acces-
sible and purposeful sampling, and then, the subjects 
were randomly assigned to the Pilates training, Pilates 
training+vitamin D, vitamin D, and control groups. 

Inclusion criteria included being overweight, ability to 
perform exercise training, and not taking vitamin D sup-
plements for the past six months. Exclusion criteria were 
also having diseases, such as diabetes mellitus, hyper-
tension, and cardiovascular and inflammatory diseases), 
not taking vitamin D during the protocol, not doing Pi-
lates exercises for three consecutive sessions, using any 
special medication or supplement, and smoking. Two 
subjects were excluded during the intervention; in the 
control group, one person took a supplement and one in 
the Pilates group did not participate in regular exercise. 

This study protocol was approved by the Ethics Com-
mittee of Islamic Azad University, Babol Branch (Code: 
IR.IAU.BABOL.REC.1398.088) and registered a the 
Iranian Registry of Clinical Trial, and written informed 
consent was obtained from all participants.

The weight and height of the subjects were measured 
with standard and calibrated scales to the nearest 0.1 kg 
and 0.5 cm, respectively. BMI was calculated as weight 
(in kg) divided by height (in meters) squared.

Pilates exercise protocol

One week before the start of the study, the subjects 
were give explaination about the study process. The 
subjects in the Pilates and Pilates+vitamin D groups 
performed Pilates training for 60-75 minutes, 3 times a 
week for 8 weeks. The exercise program for each session 
included warm-up (10 minutes), basic Pilates training, 
and cooling-down (5 minutes).

The exercises started with low intensity and gradually 
increased, and included advanced stretching movements, 
strength, balance, flexibility, and neuromuscular coordi-
nation with a focus on the large muscles of the upper and 
lower limbs and in three positions: standing, sitting, and 
lying down.

Warm-up exercises included some postures, such 
as standing upright, respecting Pilates and breathing, 
stretching the opposite arm and leg in a quadruped posi-
tion, lying on the back and forth on the vertebrae, cap-
ping the lumbar arch and folding the legs, standing cat, 
and vertebrae. Getting to the vertebrae in a quadruped 
position, rotating the arms and the neck, and cooling 
exercises and also movements, such as spinal stretch-

ing, spinal screwing, back stretching, needle-to-thread 
movement, prostration, Pilates lateral breathing were 
also included and were done with an emphasis on proper 
inhalation and exhalation.

Basic exercises included shoulder bridge, single-leg 
stretching, stretching both legs, single-legged stretching 
with upper body screws, hundred movements, circling 
with one leg, raising single-legged from side to side, ly-
ing on the side-lying down, Cobra, Dart, and star, which 
started with an intensity of 50 to 55% of the reserve heart 
rate, one set and 10 repetitions in the first week, and con-
tinued with an intensity of 65 to 70% of the reserve heart 
rate, 4 sets with 12 repetitions (with a gradual increase 
of 5% intensity training, one set and 2 repeats every two 
weeks) in the eighth week [18]. The subjects’ reserve 
heart rate was determined using the Karonen method 
and was monitored using a polar heart rate monitor dur-
ing exercise. The maximum heart rate of the participants 
was calculated by subtracting the age from 220. 

Supplementation

The vitamin D and Pilates+vitamin D groups received 
50,000 IU vitamin D and the control group consumed oral 
paraffin for 8 weeks in a single-blind manner once per 
week. Both vitamin D and oral paraffin capsules had sim-
ilar shapes, colors, and sizes, and were purchased from 
Zahravi Pharmaceutical Company, Tehran, Iran [18, 13].

Also, the daily caloric intake of individuals was cal-
culated and during a meeting with each subject, dietary 
counseling was performed to follow the same diet to 
maintain weight. Subjects were advised to follow their 
normal diet during the study period (especially in the 
pre-blood sampling stages).

Biochemical tests

After overnight fasting, blood samples were collected 
from all participants, and the serum was separated by 
centrifuge and stored at −80°C. Circulating concentra-
tions of 25-hydroxyvitamin D (25(OH)D), as an indica-
tor of vitamin D status, were determined. The normal 
range of serum 25(OH)D levels is 30-50 ng/ml, while 
Vitamin D insufficiency is defined as serum levels of 20-29 
ng/ml and the levels below 20 and 10 ng/ml represent 
insufficiency and deficiency, respectively [7, 18].

The level of 25-hydroxyvitamin D (25-hydroxyvita-
min D kit, Euroimmun, Luebeck, Germany) and hs-CRP 
(hs-CRP kit, Parsazmoon, Tehran, Iran) were measured 
using the ELISA method according to the manufacturer’s 
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Table 1. Baseline anthropometric characteristics of the subjects 

Mean±SD
Variables

ControlPilates training+vitamin DVitamin DPilates training

49.58±2.8449.00±3.3249.50±2.3748.92±3.58Age (y)

180.08±2.94179.77±1.6418.08±7.30181.42±3.58Height (cm)

28.33±0.6128.50±1.0428.42±1.0128.39±0.87BMI (kg/m2)

17.75±4.5117.61±4.6118.00±4.6517.5±6.2425(OH)D (ng/ml) level

instructions. TSH was measured using the Chemilumines-
cence immunoassay method and a commercial kit (DiaSo-
rin, co. Italy).

Statistical analysis

The normal distribution of data and homogeneity of vari-
ances were investigated by Shapiro-Wilk and Levene’s 
tests, respectively. The Cohen’s d effect size was calculated 
to interpret the significant differences between groups. In 
general, ≤ 0.20 is a small effect size, 0.50 is moderate effect 
size, and ≥ 0.80 is a large effect size. In addition, paired 
t-test was used to examine the changes within the group 
and a One-way Analysis of Variance (ANOVA) was used 
to compare the percentage of changes in mean variables 
between the groups. When a difference was detected in 
the ANOVA model, the significant differences were deter-
mined using the Tukey post hoc test. All statistical analyses 
were conducted using SPSS v. 21 (SPSS Inc., Chicago, IL, 
USA) and results were statistically significant at P<0.05.

3. Results

Baseline anthropometric characteristics and levels of 
25-hydroxyvitamin D of the subjects are displayed in 
Table 1. In brief, based on the results of Shapiro-Wilk 
and one-way analysis of variance tests, there were no 
significant differences between general characteristic and 
25-hydroxyvitamin D levels between study groups at the 
baseline. In total, 60% and 40% of study subjects had defi-
ciency (less than 20 ng/ml) and insufficiency (20-29 ng/ml) 
vitamin D, respectively.

The results of ANOVA ar baseline revealed no statisti-
cal significant difference between the serum hs-CRP 
(F=0.123, P=0.946) and TSH (F=0.031, P=0.993) levels 
and body weight (F=0.715, P= 0.445). Also, significant 
changes were observed in the mean values of the hs-CRP 
and TSH levels in pre-/post-test stages. After eight weeks, 
Pilates training, vitamin D, and combined groups showed 

a significant decrease in the hs-CRP and TSH levels and 
body weight (Table 2). 

As shown in Table 3, in the between-group analysis, the 
hs-CRP and TSH levels and body weight were significantly 
lower in the intervention groups than in the control group. 
The combined intervention was associated with a stronger 
effect on reducing hs-CRP and TSH levels compared to 
Pilates training and vitamin D supplementation, and also 
weight loss compared to the vitamin D supplementation. 
Also, the effect of Pilates training on weight loss was sig-
nificantly greater than vitamin D supplementation.

4. Discussion

In the present study, the effect of regular Pilates exer-
cises with vitamin D intake on TSH and hs-CRP levels 
in overweight men was investigated. Our results showed 
an unfavorable vitamin D status so that 40% of the sub-
jects had insufficient levels of vitamin D and 60% had a 
vitamin D deficiency. Also, eight weeks of Pilates train-
ing, vitamin D intake, as well as the combination inter-
vention reduced hs-CRP and TSH levels, implicating 
that the non-pharmacological intervention of the present 
study can improve thyroid function and systemic inflam-
mation in overweight men who did not have normal vita-
min D status. Moreover, the combined intervention was 
associated with a stronger effect on reducing hs-CRP and 
TSH compared to the other two interventions, which in-
dicates the synergistic effects of vitamin D and Pilates 
training. Bensal et al. [6] found that TSH levels in treated 
hypothyroid male patients decreased after three months 
of moderate-intensity regular exercise. However, Onsori 
and Galedari [14] found no significant changes in TSH 
levels in inactive middle-aged obese women after eight 
weeks of moderate-intensity aerobic exercise (50%-70% 
of maximum heart rate). 

Mehravar et al. [13] also reported that eight weeks of Pi-
lates training had no effect on TSH levels in inactive wom-
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en with an average age of 25-40 years and normal BMI, 
which may be due to different subjects’ BMI, TSH levels, 
and vitamin D status at baseline. However, the subjects in 
the present study had no sufficient vitamin D levels. In addi-
tion, Solanki et al. [15] found that people with higher BMI 
had higher TSH levels, and this trend continued from low 
weight to obesity. Other studies have shown a significant 
positive correlation between BMI and TSH in children with 

primary hypothyroidism treated with levothyroxine [19], 
a higher prevalence of subclinical hypothyroidism, and 
high TSH levels in people with a BMI higher than 29 kg/
m2 [20]. Therefore, it seems that weight loss can be one of 
the possible mechanisms of the effect of Pilates exercise 
on reducing TSH, which increases with the use of vitamin 
D. The presence of TSH receptors in adipose tissue causes 
adipose tissue to proliferate and differentiate preadipocytes 

Table 2. Comparison of the mean changes between groups at baseline and after eight weeks 

Variables Groups Mean±SD Effect Size P*
Pre-test Post-test Percentage of Changes (%) 

hs-CRP
(mg/l)

Pilates training 1.99±0.41 1.58±0.32 -19.90±4.42 0.487(Small) <0.001

Vitamin D 1.93±0.34 1.65±0.28 -14.92±3.42 0.409(Small) <0.001

Pilates training
+vitamin 1.91±0.38 1.34±0.20 -30.21±3.29 0.648(Moderate) <0.001

Control 1.97±0.32 1.98±0.31 0.17±1.24 0.015(Small) 0.727

F=178.706 P<0.001

TSH
(µU/ml)

Pilates training 3.17±0.97 2.44±0.81 -23.32±3.51 0.378(Small) <0.001

Vitamin D 3.08±0.82 2.48±0.74 -19.78±3.43 0.358(Small) <0.001

Pilates training 
+vitamin 3.15±0.87 2.09±0.59 -32.47±3.18 0.580(Moderate) <0.001

Control 3.08±0.91 3.10±0.89 1.09±1.74 0.011(Small) 0.137

F=66.280 P<0.001

Body 
Weight

(Kg)

Pilates training 93.41±2.78 88.5±2.91 -5.27±0.76 0.691(Moderate) <0.001

vitamin D 92.93±3.12 91.92±2.33 -1.08±0.73 0.180(Small) <0.001

Pilates training 
+vitamin 92.31±4.07 87.08±3.64 -5.50±0.66 0.561(Small) <0.001

Control 91.92±3.55 92.29±3.86 -0.77±0.43 0.049(Small) 0.137

F=6.926 P<0.001

* Obtained from paired t-test. 
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Table 3. Results of Tukey test to compare the percentage of changes (%) of the means

Groups hs-CRP TSH Body Weight

Control 

Pilates P<0.001 P<0.001 P<0.001

Vitamin D P<0.001 P<0.001 P=0.002

Pilates+vitamin P<0.001 P<0.001 P<0.001

Pilates training
Vitamin D P=0.002 P=0.325 P=0.327

Pilates+vitamin P<0.001 P<0.001 P=0.663

Vitamin D Pilates+vitamin P<0.001 P<0.001 P<0.001
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into adipocytes. It is well established that TSH receptors in 
adipose tissue cause the proliferation of this tissue and the 
differentiation of preadipocytes into adipocytes [21]. Vita-
min D modulates pituitary TSH secretion of thyrotropin by 
binding to specific binding sites, and exogenous vitamin 
D suppression suppresses pituitary TSH secretion of basal 
pituitary TSH [22]. Furthermore, an inverse relationship 
between the serum vitamin D level and TSH in euthyroid 
adults and patients with nonspecific symptoms of tiredness 
was confirmed in several studies [23].

Based on these results, it seems that the improvement in 
vitamin D levels resulting from these interventions may be 
one of the possible reasons for the decrease in TSH levels 
in overweight men in the present study. This is in line with 
an earlier report showing that vitamin D intake (50,000 
units per week) for 12 weeks decreased serum TSH lev-
els in hypothyroid patients [24]. Simsek et al. [25] in 
their study on patients with autoimmune thyroid diseases, 
found that an oral dose of 1000 IU vitamin D3 per day for 
one month had no effect on serum TSH, which may be due 
to the short period of vitamin D intake. Training-induced 
increase in metabolic activity and burning more calories 
Are effective to lose weight and improve thyroid function 
[6]. A decrease in dopamine receptors in the brain due 
to obesity leads to the release of TSH secretion in obese 
people, and up-regulation of dopamine due to weight loss 
normalizes TSH secretion obesity [26].

Moreover, our findings demonstrated that vitamin D 
supplementation, Pilates exercises, and a combination of 
the two interventions caused a decrease in hs-CRP levels 
and body weight. These findings were almost concor-
dant with previous studies indicating that eight weeks of 
Pilates training decreased CRP level, body fat percentage, 
and weight in obese and/or overweight women [27, 28]. 
Although the mechanisms underlying the effect of exer-
cise on CRP have not been fully elucidated, some plau-
sible mechanisms have been proposed. Physical activity 
can reduce the production of cytokines in adipose tis-
sue, muscles, and mononuclear cells and improve insulin 
sensitivity, endothelial function, and weight loss, which 
all lead to a reduction in CRP. Adipose tissue is the major 
source of TNF-α and IL-6, and exercise can reduce the 
release of proinflammatory cytokines and down-regulate 
CRP through the reduction in adipose tissue and sup-
pressing sympathetic stimulation [26].

An inverse association between the levels of 25-hy-
droxyvitamin D and CRP in patients with inflammatory 
and non-inflammatory diseases [29] and a positive associ-
ation between serum TSH and IL-6 and CRP in subclini-
cal hypothyroid patients have been reported [30]. Also, 

Khodadoust and Habibian reported that both vitamin D 
and exercise have an anti-inflammatory effect and can 
lead to a reduction in TNF-α levels in overweight men 
with abnormal vitamin D status [18]. Therefore, it seems 
that there is a tripartite relationship between vitamin D 
status, systemic inflammation, and thyroid hormone func-
tion in obese and/or overweight conditions, which can 
be affected by exercise and vitamin D supplementation.

The present study was associated with some limitations, 
such as the small number of subjects and no measurement 
of the time spent during Sunlight Peak in the study popu-
lation. Therefore, further studies with a larger number of 
subjects are needed to confirm the possible mechanisms 
of the effect of Pilates training and vitamin D intake on 
thyroid function and an inflammatory index of CRP.

5. Conclusion

The results showed a high prevalence of vitamin D de-
ficiency and/or insufficiency in overweight middle-aged 
men. Vitamin D intake, Pilates training, and the com-
bined intervention can improve thyroid function and sys-
temic inflammation in overweight men with abnormal 
vitamin D status. However, combined intervention is as-
sociated with stronger effects. Therefore, maintaining a 
vitamin D status at normal levels and performing regular 
physical activities to increase body health are recom-
mended for overweight people.
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