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Abstract
Objectives The present study aimed to investigate the anti-inflammatory effects of vitamin D and resistance training in men with
type 2 diabetes mellitus and vitamin D deficiency.
Design This study was a randomized, placebo-controlled, double-blinded clinical trial.

Trial registration code: IRCT20190204042621N1
Participants Forty-eight patients with type 2 diabetes aged 40-65 (from a total of 52 volunteers in Ardabil diabetes clinic) were
randomly assigned to either the vitamin D supplementation with resistance training group (VD + RT: n=12), the resistance
training group (RT: n = 12), the vitamin D supplementation group (VD: n =12), or the control group (CON: n=12).
Intervention The subjects in VD group took vitamin D supplements at 50000 IU per 2 weeks for 3 months; the subjects in RT
group exercised 3 times per week for 12 weeks; and the subjects in VD + RT group participated in both treatments. Subjects in
CON group were asked to maintain normal daily life pattern for the duration of the study.
Measurements Serum Interleukin-6 (IL-6), Tumor Necrosis Factor-alpha (TNF-o¢) and C-reactive protein (CRP) levels were
determined at pre and post-test and the data were compared among the four groups and between two tests (4 x 2) using two-way
ANOVA with repeated measures.
Results 1L-6 decreased significantly (P =0.001) in all groups (VD +RT =% -71.73, RT = % -65.85, VD = % -61.70). TNF-x
decreased significantly (P =0.001) in VD + RT (% -44.90) and RT (% -40) groups. CRP showed no significant change in any
group (P> 0.05).
Conclusion Results demonstrated that vitamin D supplementation in addition to resistance training had positive effects on some
inflammatory markers in T2D and vitamin D deficient men. Vitamin D supplementation was especially effective when it was
complemented with exercise training.

Keywords Inflammation - Resistance training - Type 2 diabetes mellitus - Vitamin D

Introduction epidemic proportions globally which remains a significant
public health care concern and its related economic effect is
Type 2 diabetes mellitus (T2DM) as a metabolic disease may  seriously burdensome [2]. The World Health Organization
affect nearly every organ system in the body [1]. It is reaching  estimated that T2DM was responsible for 1.6 million deaths
worldwide each year, a figure making diabetes one of the
world’s most common causes of preventable mortality [3].
54 Khalid Mohamadzadeh Salamat Although genetic factors are important, it is necessary to take
kh.mohamadzadeh @ gmail.com into account that diabetes is a multifactorial and heteroge-
neous disease [4].
Impaired glucose tolerance (IGT) leads to T2DM as a result
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T2DM and the development of insulin resistance [6].
Inflammatory cytokines downregulate insulin signaling cas-
cades in tissues that are sensitive to insulin. This leads to the
disruption of insulin sensitivity and the impairment of glucose
homeostasis [7]. The association of elevated cytokines with
T2DM has extensively been investigated but with conflicting
results [8]. Recently, vitamin D has attracted the investigators,
attention as an important factor that can improve insulin resis-
tance [9], diabetes [1], inflammatory response and glycemic
control [9, 10]. While, some studies indicated that vitamin D
would not affect inflammatory and glycemic markers in dia-
betics [11].

On the other hand, several studies related to diabetes have
demonstrated that regular exercise improves glycemic control
[12], regulates blood glucose, increases the physical strength
in diabetics and prevents the progression from impaired glu-
cose tolerance to T2DM [13]. For instance, resistance training
specifically develops the total capacity of glucose uptake by
enhancing muscle mass [14] and also improves systemic in-
flammation [15]. However, some studies have not reported the
effects of exercise training on glucose metabolism [16] or
systemic inflammation [17].

Studies verifying the effectiveness of the intake of vitamin
D supplementation and resistance training as a complex treat-
ment on inflammatory and glycemic markers in adult males
with both diabetes and vitamin D deficiency remain insuffi-
cient. Thus, this study aimed to investigate the effects of the
implementation of vitamin D intake for 12 weeks in addition
to progressive resistance training on inflammatory markers in
men with T2DM and vitamin D deficiency.

Materials and methods
Participants

Forty-eight inactive patients with type II diabetes aged 40-65
(from a total of 52 volunteers in Ardabil diabetes clinic-
Ardabil-Iran) exhibiting symptoms of diabetes with fasting
blood glucose higher than 126 mg/dl [18], glycated hemoglo-
bin (HbAlc) <9% and vitamin D deficiency symptoms with
25-hydroxyvitamin D [25(OH)D] less than 20 ng/ml [19]
were randomly assigned to either the vitamin D supplementa-
tion with resistance training group (VD + RT: n = 12), the re-
sistance training group (RT: n=12), the vitamin D supple-
mentation group (VD: n=12), or the control group (CON:
n=12). The sample size was calculated using the formula
described by Whitley and Ball [20]. The purpose, procedures
and risks of the study were explained to the subjects through
an orientation session before conducting the pretest. Then,
measures were taken to begin the study after receiving test
consent forms from the subjects who wanted to voluntarily
participate. In this study, inclusion criteria were: absence of
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hepatic, renal, bone and cardiovascular diseases, severe hyper-
tension, diabetes type 1 and any history of using drugs such as
insulin, anticonvulsants, calcium and vitamin D within
6 months prior to the study and HbAc was <9%. All plans
for this study were approved by ethics committee at the med-
ical sciences faculty of Ardabil Azad University prior to the
beginning of the study.

Study design

This study was conducted using a randomized, placebo con-
trolled, double-blinded approach. According to the number of
subjects and groups, a simple computer-generated program
randomization list was used to put the subjects into 4 equal
groups. The researchers, providers and patients were blinded
to the method and process of randomization.

Trial registration code: IRCT20190204042621N1

Measurements

Body weight and height were measured while the subjects
were in a standing position using scale (seca 220, Germany)
and unstretched measuring tape. Body mass index (BMI) was
calculated using the formula: weight (kg) divided by the
square of the height (m) [weight (kg) / height 2 (meter)].
Percent body fat was estimated using Skinfold Caliper
(Harpenden Model, Baty Company, England) and Jackson-
Pollok 3-point (chest, abdominal and thigh) nomogram meth-
od [21] (Tables 1 and 3).

Intervention

The program of exercise training conducted in the present
study consisted of 10 kinds of exercise methods: chest press,
leg extension, leg curl, arm curl, push-up with knees against
the floor, seated row, overhead pull-down, overhead press,
weighted sit-up and toe raise [22]. The training session
consisted of three sets of 10- repetition maximum exercises,
with a 90 s. rest between the sets and 30 s. rest between
exercises. The exercise frequency was 3 times a week for
12 weeks. Each session began with a warm-up that included
walking and light stretching for 10 min and ended with a cool-
down that included stretching for 10 min. The main exercise
lasted 50 min. The training intensity was 55% of one repeti-
tion maximum (1RM) in the first month, 65% of 1RM in the
second month and 75% of 1RM in the third month. The work-
loads were adjusted to the condition of diabetic patients. So,
maximum strength (1RM) of subjects was calculated again for
each exercise at weeks 4 and 8. 1RM was calculated using the
formula [23] as follows:

lifted weight (kg)

IRM =
1.0278—(frequencies x 0.0287)
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Table 1 Changes in

anthropometric characteristics in Group variables VD +RT RT VD CON
T2D and vitamin D deficient
12 weeks interventions Age (yr) 53.75+8.00 54.91+5.86 53.83+£6.61 53.16+8.12

VD+RT Vitamin D intake + Resistance Training Group, RT Resistance Training Group, VD Vitamin D intake

Group, CON Control Group

Data are presented as Mean + SD

The resistance training program applied in this study is the
same as shown in Table 2.

Vitamin D was distributed using the double blind method
to accurately examine the effect of vitamin D supplementa-
tion. The subjects of: 1) the vitamin D and resistance training
group and 2) the vitamin D group took oral capsules contain-
ing 50,000 IU vitamin D (Zahravi Pharm Co,lIran) every
2 weeks [24] for 3 months of treatment. On the other hand,
capsules made of paraffin oil (Zahravi Pharm Co,Iran) were
provided to 3) the resistance training group, and 4) the placebo
group (control group). The capsules designed as placebos
were not externally distinguishable from the vitamin D
capsules (Fig. 1).

Biochemical analysis

To standardize dietary intake prior to blood collection, all
participants were asked to consume the same foods and drinks
during the 24 h prior to each testing day (baseline and
12 weeks). All subjects arrived at 8:00 am on the day of the
test in the laboratory after a 12- h fasting state. After keeping
the subjects in a stable state for 15 min, 10 ml of venous blood
was obtained from the antecubital vein using an anticoagulant
treated syringe. The blood samples were placed in tubes that
were not treated for anticoagulation, and were then centri-
fuged at 3000 rpm using a centrifugal separator for 10 min.
After separating from the cellular components, the serum was
put in a storage tube and stored in the refrigerator at —80 °C
until analysis.

The IL-6 and TNF-a concentrations were measured
from the serum sample using commercially available

high-sensitivity ELISA kits (Diaclone, French). The
CRP concentration was measured from the serum sample
using commercially available quantitative kits (Roche
Diagnostics Company, Swiss). Serum 25-hydroxy
Vitamin D was assessed using commercially ELISA kit
(Bioactiva Diagnostica, Germany). HbAlc was measured
by chromatographic method using commercial kit
(Biosystem, Spain). Fasting insulin concentration was
measured using commercially ELISA kit (Monobind
Inc., USA). Fasting plasma glucose was analyzed by en-
zymatic method using commercially available kit
(glucoseoxidase, Pars Azmun, Iran). The triglyceride
(TG), total cholesterol (TC), HDL-C, and LDL-C concen-
trations were measured from the serum sample using com-
mercially available kits (Pars Azmun Kit, Iran) through a
spectrophotometric method. In addition, HOMA-IR (ho-
meostasis model for insulin resistance) was calculated
using the following equation in order to evaluate insulin
resistance [25]:

[insulin (uU.mlil) x blood glucose (mmol.lil)

HOMA-IR = 275

Statistical analysis

Descriptive data were presented as the mean values and stan-
dard deviation (SD). The Kolmogorov-Smirnov test was used
to examine the normal distribution of variables. The homoge-
neity of variances was assessed using Leven’s test. In order to
simultaneously analyze the average difference of the depen-
dent variables between the four groups and between two tests,

Table 2 Resistance training

program for T2D and vitamin D Stage Mode/set /rest Duration Weekly exercise frequency
deficient middle-aged men during
12 weeks interventions Warm-up Walking, Running, Stretching 10 min 3 times
Main exercise 3x10 3 times
Rest between sets =90 s.
Rest between exercises =30 s.
Cool-down Stretching 10 min 3 times

Intensity: 55% of 1RM, first month; 65% of 1RM, second month; 75% of 1RM, third month
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Total Screened (n=3150)

Clinical Exclusions (n=2160)
-Age >65y (n=1168)
-Age <40y (n=684)

-Type 1 diabetes (n=294)
-Physical Problems (n=14)

Clinically Eligible
(n=990)

Refused (n=915)
Not Fulfilling Inclusion Criteria (n=19)
Left (n=4)

Randomized (n=48)

Vitamin D Resistance Training (RT)

supplementation (VD) Group (n=12) VD + RT Group (n=12) Control Group (n=12)
Group (n=12)
Received VD Exercised Received VD & Exercised Received Placebo

For 12 Weeks

For 12 Weeks

For 12 Weeks

For 12 Weeks

90-Day Follow-up
Completed Follow-up
(n=12)

90-Day Follow-up
Completed Follow-up
(n=12)

90-Day Follow-up
Completed Follow-up
(n=12)

90-Day Follow-up
Completed Follow-up
(n=12)

Fig. 1 Flowchart of study design and timeline

repeated two-way ANOVA was used. Tukey post hoc test was
applied to determine the difference between groups. The re-
sults obtained in this study were analyzed using SPSS (version

21) for Windows. The significant level (o) of all statistical
analysis was 0.05.

Results
Anthropometric changes

Percent body fat showed no significant changes in all groups
(P =0.76). The main effect of the test as well as the interaction
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between the group and the test on weight and BMI were sig-
nificant (P = 0.001). Body weight and BMI improved in RT +
VD and RT groups significantly (Table 3).

HbA1c and 25(0OH) D changes

Although, significant differences between groups in HbAlc
and 25(OH) D were not observed but the main effect of the
test and the interaction between the group and the test in the
HbAlc and 25(0OH) D analyses were significant (P =0.001).
HbA lc decreased significantly in RT + VD and VD groups
and 25(0OH) D increased significantly in VD group
(P <0.005) (Table 3).
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Table3  Changes in blood lipids, insulin resistance indices, inflammatory markers in T2D and vitamin D deficient middle-aged men during 12 weeks
interventions

Variables Groups Pre M+SD Post M +SD A% (Pre & Post) P Sig.
Weight (kg) VD +RT 87.52+ 17.65 #85.92+17.53 -1.82 Test 550,001
RT 78.68 + 14.02 7775 +13.30 -1.18 Group 0.37
VD 79.35+12.03 79.11 +12.04 —-0.37 Test x Group ##0.001
CON 79.76 +6.32 79.92 +6.33 0.33
BMI (kg/m ) VD +RT 29.00 +4.65 #28.30+4.67 .86 Test #3550, 001
RT 27.94+4.43 #27.35+£423 -2.56 Group 0.86
VD 27.70+3.55 27.54+3.46 0.6 Test x Group ###0.001
CON 27.79+1.85 27.90+1.45 -1.17
HbAlc (%) VD +RT 749+127 #6.55+1.08 ~12.54 Test #3150, 001
RT 758+1.26 6.99+1.11 745 Group 0.08
VD 8.17+0.89 #7.20+0.86 -11.82 Test x Group *0.018
CON 8.03+1.01 8.51+1.01 6.6
25(0H)D (ng/ml) VD +RT 14.60£4.10 19.20£6.30 31.50 Test 550,001
RT 14.10£3.70 13.40+3.60 -5 Group 0.20
VD 12.50 £4.80 #20.40 + 6.50 632 Test x Group ##0.001
CON 17.80£5.70 17.70 £5.60 -5.61
BFP (%) VD +RT 26.20+5.97 24.16.5.23 —7.54 Test #%0.007
RT 24.37+6.70 23.41+6.14 -3.67 Group 0.76
VD 24.20+3.68 23.91+3.77 1.34 Test x Group 0.08
CON 25.62+2.54 26.58+2.15 1.87
LDL (mg/dl) VD +RT 82.41+£23.89 71.58 £33.04 ~13.43 Test #5001
RT 92.58+33.76 %69.75+24.33 —24.60 Group 0.90
VD 84.08+22.14 68.75 £37.06 -18.28 Test x Group 0.06
CON 83.08£29.31 83.96+28.55 1.19
HDL (mg/dl) VD +RT 32.50 £4.98 34.66+4.75 6.60 Test 0,02
RT 34.33+2.67 37.33+6.56 8.45 Group 0.48
VD 35.83+5.33 37.58+8.62 4388 Test x Group 0.55
CON 34.83+5.52 34.17+5.50 1.5
TG (mg/dl) VD +RT 212.66+58.10 185.41+39.12 ~12.74 Test #3550, 001
RT 228.75+71.39 #170.25 + 63.67 —25.86 Group 0.71
VD 231.75+81.81 184.66+51.14 -20.99 Test x Group *0.02
CON 189.50 +70.56 180.50+70.55 332
CL (mg/dl) VD +RT 15833 £26.90 #141.75£30.58 -10.50 Test #3550, 001
RT 176.00+36.33 #143.50 £22.27 -18.41 Group 0.87
VD 164.16+33.87 14.66+37.99 ~14.48 Test x Group ##0.007
CON 153.83+£30.15 163.83+30.16 7.72
FBG (mg/dl) VD +RT 179.16 £ 42.81 #127.58+ 18.63 2878 Test #3150, 001
RT 144.91+51.01 129.16 +45.65 -10.86 Group 0.08
VD 181.00+44.20 155.50+27.82 ~14.08 Test < Group ##0.01
CON 184.08 = 64.80 170.08 + 60.23 ~7.60
FI (WU/ml VD +RT 340+1.10 #2.50+ 1.0 —26.47 Test 450,001
RT 330+1.20 2.90+130 -12.12 Group 0.10
VD 4.50£2.10 3,50+ 1.30 2222 Test x Group *0.03
CON 4.60+2.70 470+2.80 2.17
HOMA IR VD +RT 1.50+1.17 0,78 +0.61 —48 Test #3550, 001
RT 1.18+1.54 0.92+0.83 —22.03 Group #0.03
VD 2.01+1.32 %134+1.18 -35.05 Test x Group #%0.004
CON 2.09+1.89 1.97+136 -1.98
IL-6 (pg/ml) VD +RT 46.09+12.14 #13.88+£3.25 —71.73 Test ##%0.001
RT 41.80+6.21 #14.65+£4.15 —65.85 Group ##50.001
VD 4730+9.93 18.83+£4.15 -61/70 Test x Group ##%0.001
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Table 3 (continued)

Variables Groups Pre M£SD Post M+SD A% (Pre & Post) P Sig.
CON 50.12+10.94 51.10+10.11 3
TNF- « (pg/ml) VD +RT 20.45+£5.47 #11.944£2.91 ~44/90 Test #3550, 001
RT 20.47£4.92 #12.67+2.58 —40 Group 0.73
VD 18.73 £3.65 15.83+1.16 ~16/66 Test > Group ##%0.001
CON 17.27+£126 17.00£1.19 -5.55
CRP (mg/l) VD +RT 3.53+1.08 3.44+097 25 Test %001
RT 3.68+0.64 3434+0.54 —6.70 Group 0.10
VD 333+0.73 3224075 -3.33 Test x Group 0.52
CON 4.10£0.65 3.98+0.68 -2.90

BMI Body Mass Index, HbA Ic Hemoglobin Alc, 25(OH)D 25-hydroxyvitamin D, BFP Body Fat Percent, LDL Low-density Lipoprotein, /DL High-
density Lipoprotein, 7G Triglyceride, CL Cholesterol, FBG Fasting Blood Glucose, £ Fasting Insulin, HOMA_IR Homeostatic Model Assessment for
Insulin Resistance, /L-6 Interleukin 6, TNF-c« Tumor Necrosis Factor Alpha, CRP C-Reactive Protein. VD+RT Vitamin D intake + Resistance Training
Group, RT Resistance Training Group, VD Vitamin D intake Group, CON Control Group

# P<0.05; #: P<0.01; *#*: P<0.001
Changes in blood lipids

The main effect of the test and the interaction between the
group and the test in the TG (P=0.001), LDL (P=0.01)
and TC (P =0.001) analyses were significant. TG and LDL
in RT group as well as TC in RT + VD and RT groups signif-
icantly decreased (P <0.05). Significant changes in HDL
were not observed in any group (P> 0.05) (Table 3).

Changes in insulin resistance index

Compared to CON group, HOMA-IR decreased significantly
in VD + RT and VD groups (P <0.01) but the main effect of
the test (P=0.001), group (P=0.03) and the interaction be-
tween the group and the test (P =0.004) in the HOMA-IR
analyses were statistically significant. In the fasting insulin
and the fasting blood glucose analyses, the main effect of
the test (P=0.01) and the interaction between the group and
the test (FI with P=0.03 and FBG with P=0.01) were statis-
tically significant. Fasting insulin in RT + VD and RT groups
as well as fasting blood glucose in RT + VD group, signifi-
cantly decreased (P < 0.01) with tending toward improvement
in other groups (Table 3).

Changes in inflammatory markers

IL-6 (P=0.001) significantly changed in all groups (VD + RT
with % -71.73, RT with % -65.85, VD with % -61.70). The
main effect of the test (P =0.001), group (P =0.001) and the
interaction between the group and the test (P =0.001) in the
IL-6 analyses were statistically significant. TNF-oc (P =0.001)
significantly decreased in VD + RT (% -44.90) and RT (% -
40) groups, whereas there were no significant changes in the
variables in VD and CON groups. The main effect of the test
(P=0.001) and the interaction between the group and the test
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(P=0.001) in the TNF-« analyses were statistically signifi-
cant. Finally, CRP showed no significant changes in all groups
(P>0.05). In the CRP analyses, the main effect of the test
(P=0.01) was statistically significant, whereas the group
(P=0.10) and the interaction between the group and the test
(P =0.52) were not statistically significant (Table 3).

Discussion

According to our knowledge, the effectiveness of the intake of
vitamin D supplementation and resistance training as a com-
plex treatment on inflammatory and glycemic markers in pa-
tients with both T2DM and vitamin D deficiency have not
been investigated in previous studies. Therefore, this is the
first study that aimed to investigate the anti-inflammatory ef-
fects of vitamin D and resistance training in men with type 2
diabetes mellitus and vitamin D deficiency. Furthermore, this
is the first study in which male subjects with type 2 diabetes
took oral capsules containing 50,000 IU vitamin D every
2 weeks for 3 months. Previously, just Yazdchi R, et al.
(2016) had used this method for female subjects with gesture
diabetes mellitus (GDM) in their study for 2 months.
Glycated hemoglobin (HbAlc) is considered as an indica-
tor of average blood glucose concentrations during the pre-
ceding 23 months and thus a long term marker of glucose
homeostasis [26]. It has been mentioned that vitamin D sup-
plementation has beneficial effect in reducing the progression
from pre-diabetes to diabetes in high-risk groups and im-
proves glycemic profile (HbAlc) in people with established
diabetes [27]. In this regard, Yazdchi, et al. have reported that
fasting blood glucose (FBG) and HbAlc in 76 women with
GDM taking 50,000 IU of vitamin D (n = 38) or placebo (n =
38) every 2 weeks for 2 months, significantly decreased [24].
In the present study, Vitamin D levels were found to be



J Diabetes Metab Disord (2019) 18:323-331

329

negatively correlated with HbA1c levels that significantly im-
proved in VD + RT and VD groups. This was in agreement
with the studies in which HbA 1¢ significantly decreased [28].

On the other hand, it has been demonstrated that regular
physical activity is the most effective method for improving
HbA 1c¢ and insulin resistance [22]. Consistent with that, Dixit,
et al. have mentioned that 87 elderly patients with T2DM
(control group = 47, study group = 40) participating in 8 weeks
moderate-intensity (heart rate reserve 40-60%) exercise had a
significant difference in the mean values of HbA 1 ¢ at baseline
and 8th week between two groups [12]. It seems that increased
glucose uptake as a result of physical activity is the main
factor to improve fasting glucose indices and HbAlc in the
patients with T2DM. This is achieved through increased mus-
cular blood flow, GLUT4 and glucose uptake capacity [15].
Based on the glycemic index results obtained in this study, it
was mentioned that the results were not statistically signifi-
cant. However, the group that combined vitamin D intake and
resistance training showed the most positive changes.
Therefore, it was determined that combining the two kinds
of treatments rather than a single treatment involving only
vitamin D intake or exercise training is more effective.

As previously mentioned, both vitamin D [4] and physical
activity [29] are believed to affect systemic inflammation in
diabetic people. It has been reported that increased serum
25(0OH) D levels in diabetics improves inflammatory markers
and glycemic control [28]. Consistent with that, Calton et al.
[30] by conducting a meta-analysis of 23 research results which
involved the impact of vitamin D levels on inflammatory status
showed that vitamin D intake is effective in improving systemic
inflammation. Briefly, taking higher dose of vitamin D may be
required to affect diabetes risk and control high levels of in-
flammatory factors in patients with T2D and vitamin D defi-
ciency [1]. Consistent with that, Miller, et al. [29] reported that
in diabetic and overweight elderly patients participating in re-
sistance training, 3 times a week for 12 weeks, some inflam-
matory markers significantly improved.

According to the results obtained in this study, significant
changes were reported in IL-6 and to some extent in TNF-«,
but no significant change was observed in CRP. This was in
agreement with the studies in which, as a result of taking
vitamin D and performing physical activity, some inflamma-
tory markers significantly changed [15]. In the present study,
the most significant reduction occurred in the group with vi-
tamin D intake combined with resistance training. Therefore,
it can be concluded that in situations where vitamin D intake is
combined with exercise training, the improvements in some
inflammatory markers are greater than situations with one
single treatment. Similarly, Carillo et al. investigated the ef-
fects of vitamin D supplementation on inflammatory factors
during resistance training in healthy overweight and obese
people. In contrast to the present study, they concluded that
vitamin D supplementation during resistance training has no

influence on inflammatory biomarkers [17]. The conflicting
results mentioned in these two studies may be as a result of
different doses of vitamin D intake or subjects who participat-
ed in the studies.

Vitamin D may reduce inflammation through several
mechanisms. Vitamin D has been shown to down-regulate
the generation and action of cytokines, leading to increase in
insulin sensitivity and 3-cell survival [1]. It may also decrease
in insulin resistance. Additionally, vitamin D has been dem-
onstrated to up-regulate the expression of calbindin, a cytosol-
ic calcium-binding protein which can protect against
cytokine-induced apoptosis, in many tissues including 3-
cells and also down-regulate the activation of nuclear
factor-kB (NF-kB) which is a major regulator of the genes
related to pro-inflammatory cytokines, insulin resistance and
stress responses [1]. It has been recognized that Vitamin D
Receptor (VDR), the receptor of the steroid hormone
1,25(0OH)2D3, is widely distributed in more than 38 tissues,
where it clearly controls vital genes related to bone metabo-
lism, oxidative damage, chronic diseases and inflammation
[31]. VDR is constitutively expressed by macrophages and
dendritic cells, which suggests that vitamin D plays an impor-
tant role in the modulation of inflammatory response. The 1,
25(0H) 2D3 can be synthesized by both cell types, since they
express the enzymes 25-hydroxylase and 1o«-hydroxylase,
which enables the production of 250HD and 1, 25(OH)
2D3, respectively [32]. In macrophages, 1, 25(OH) 2D3 up-
regulates the inhibitor protein of NF-kB (IkB-«) by increasing
mRNA stability and decreasing IkB-o phosphorylation. The
increase in IkB-x levels leads to a reduction in nuclear trans-
location of NF-kB, thereby causing a decline in activity and
TNF-« production [33].

Additionally, with binding to VD receptors in monocytes,
vitamin D can reduce pro-inflammatory cytokines such as
TNF-« and IL-6, which have frequently been identified as
key components in the development of insulin resistance and
diabetes incidence [9]. The decrease in insulin sensitivity has
been attributed to serine phosphorylation of insulin receptor
substrate (IRS-1) and Akt substrate of 160 kDa protein
(AS160) through the activation of the serine kinases C-Jun
NH-terminal kinase (JNK) and adenosine monophosphate ac-
tivated protein kinase (AMPK) [34].

Some studies showed a positive relationship between serum
CRP and the incidence of T2DM [6]. A main mechanism by
which CRP plays a crucial role in T2DM is primarily its effect
on (-cells. CRP increases the rates of apoptotic cell death by
preventing cell proliferation due to the CRP-mediated modula-
tion of protein kinase B (PKB), a key factor for cell survival
pathways and its ability to induce the production of TNF-« and
IL-6 in a concentration-dependent situation [35].

The results related to the effects of physical activity on
systemic inflammation are conflicting. Some studies have
suggested that exercise reduces inflammatory cytokines.
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However, others showed no association between them [36].
To justify these conflicting results, some points are important
to be considered. It has been reported that exercise training
and supplementation intake can effectively impact inflamma-
tory markers where baseline levels of these markers are high
[37], meaning that when the values of inflammatory indices
are lower at baseline, exercise training or supplementation
intake cannot probably impact inflammatory markers effec-
tively. Consequently, low baseline level of CRP in this study
might be a factor for insignificant change in CRP.

On the other hand, it has been suggested that anti-
inflammatory effects of exercise training may be due to the
intensity and duration of exercise [38]. Moreover, age and sex
differences are believed to affect the results of inflammatory
markers [39]. Other factors such as differences in the times of
blood sampling (interval between last training session and
blood sampling), the methods of cytokines measures (ELISA
or Flow Cytometric), the fitness level of subjects, the protocol
and type of training can also be effective in the changes of
inflammatory markers [40, 41]. In general, based on the results
obtained in this study, it was demonstrated that the group which
combined vitamin D intake and resistance training had the most
positive changes, establishing that combining the two kinds of
treatments rather than a single treatment involving only vitamin
D intake or exercise training is more effective.

This study had some limitations including the small sample
size. Furthermore, the sunlight exposure of each individual
varies on a daily basis. Duration of the study was short. The
strengths of the present study were its prospective, double-
blind, controlled and randomized design with a placebo group,
inclusion of only vitamin D deficient type II diabetes with
insulin resistance. Future studies examining the benefits of
vitamin D correction in type II diabetes are needed to confirm
the true metabolic effects of vitamin D supplementation.

Conclusion

According to the results of the present study, it was concluded
that the intake of vitamin D supplementation and progressive
resistance training for 12 weeks, would have positive effects
on the levels of inflammatory markers in men with T2DM and
vitamin D deficiency. Particularly, the most important result
obtained in this study was that the greater improvements in IL-
6, TNF-a, HOMA-IR, HbAlc occurred in situations where
vitamin D intake combined with resistance training than situ-
ations with one single treatment.
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