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Research Article
Abstract

Background and Obijective: Vitamin D deficiency is highly prevalent among obese individuals, with multiple underlying
mechanisms contributing to this condition. This study aimed to determine the combined effects of high-intensity interval
training (HIIT) and vitamin D supplementation on the levels of inflammatory markers, transforming growth factor beta 1
(TGF-B1) and tumor necrosis factor alpha (TNF-a), in young women with vitamin D deficiency.

Methods: In this clinical trial, 39 sedentary women with vitamin D deficiency were randomly assigned to three groups: A
control group, a HIIT-based running group, and a combined group (training + vitamin D). The training program included 12
one-minute repetitions of running at 80% to 90% of maximum heart rate (HRmax) and one minute of active rest at 50%
HRmax, performed three sessions per week. Vitamin D supplementation was used weekly at a dose of 50,000 1U. TGF-B1
and TNF-a levels were measured and compared before and after the intervention.

Results: After 8 weeks of HIIT-based running, with and without vitamin D supplementation, the levels of inflammatory
markers, TGF-B1 and TNF-a, showed a statistically significant decrease compared to the control group (P<0.05). The mean
percentage change in TGF-B1 and TNF-o was also significantly greater in the combined group than in the training group
without vitamin D supplementation (P<0.05).

Conclusion: Following 8 weeks of HIIT-based running, both inflammatory markers, TGF-B1 and TNF-a decreased in the
study subjects, and this reduction was more pronounced in the vitamin D-receiving group.
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Introduction

Obesity is recognized as a chronic inflammatory disease,
with transforming growth factor beta 1 (TGF-B1) playing a
significant role in its pathogenesis, as well as in the
regulation of adipocyte differentiation and the immuno-
inflammatory microenvironment. Tumor necrosis factor
alpha (TNF-a) and TGF-B are among the main adipokines
involved in regulating inflammatory processes in obese
individuals. TGF-B1 is a polypeptide member of the cytokine
family. The TGF-B superfamily comprises a large group of
critical cellular proteins that regulate a wide range of cellular
processes by signaling through high-affinity TGF-f
receptors. TGF-B1 is fundamentally expressed in adipose
tissue, cultured preadipocytes, and differentiated adipocytes.
TGF-B1 signaling regulates many cellular processes, such as
autophagy, apoptosis, inflammation, fibrosis, and adipocyte
differentiation.

TNF-a is a classic pleiotropic proinflammatory cytokine
produced by adipose tissue. This cytokine is upregulated in
obesity and contributes to obesity-related metabolic disease.
Additionally, TNF-a can lead to hyperlipidemia by
stimulating hepatic lipogenesis, promoting fat lipolysis
alongside the suppression of triglyceride clearance, and
inhibiting insulin-stimulated lipogenesis in adipose tissue.
TNF-o directly alters the lipid metabolism of adipocytes by
inhibiting the uptake of free fatty acids (FFAs) and
lipogenesis, as well as by stimulating the release of FFAs via
lipolysis. Higher levels of TNF-a have been observed in
overweight and obese individuals compared to normal-
weight individuals, indicating the cytokine's role in
metabolic disorders and immune system activation within
the adipose tissue.

Inadequate levels and deficiency of vitamin D represent a
global health concern, with obese individuals being
particularly wvulnerable. This increased obesity-related
vitamin D deficiency has been observed across various
populations and age groups. Low levels of 25-
hydroxyvitamin D are associated with higher levels of
systemic inflammation. Evidence suggests that vitamin D
can reduce inflammatory cytokines and consequently
decrease systemic inflammation through binding to vitamin
D receptors. One of the mechanisms for vitamin D
deficiency and insufficiency in obesity is the sequestration of
vitamin D in adipose tissue, which in turn culminates in
vitamin D deficiency and subsequent obesity-induced
inflammation.  Furthermore, vitamin D  deficiency
exacerbates the activation of the TGF-/Smad2/3 pathway.
Two weeks of oral vitamin D3 supplementation has been
shown to significantly reduce TNF-a serum levels in patients
with intestinal inflammation.

Physical activity is considered a major factor in the
treatment of obesity and its related diseases. For instance, the
risk of morbidity and mortality is lower in physically active
overweight or obese men and women compared to their
sedentary counterparts. Furthermore, regular exercise
training, in addition to reducing pro-inflammatory cytokines,
leads to an increase in the circulating concentration of anti-
inflammatory cytokines. Nevertheless, the effects of exercise
training on the levels of the inflammatory markers TNF-a
and TGF-B1 have been reported inconsistently.

This study was conducted to determine the combined

effects of high-intensity interval training (HIIT) and vitamin
D supplementation on the levels of the inflammatory
markers TGF-B1 and TNF-a in young women with vitamin
D deficiency.

Methods

This clinical trial was conducted on 39 sedentary,
overweight young women with a body mass index (BMI)
equal to or greater than 25 and less than 29 kg/m? (age
range= 23 to 29 years) during 2021. The inclusion criteria
comprised sedentary, overweight women who had not
participated in any regular physical activity for at least six
months prior and whose 25-hydroxyvitamin D levels were
less than 20 ng/mL. The exclusion criteria included
cardiovascular diseases, hypertension, and inflammatory
diseases, use of specific medications or supplements,
pregnancy, failure to attend at least three regular training
sessions, and non-adherence to the prescribed vitamin D
supplementation regimen.

Participants were enrolled in the study following an
introduction to the research procedures and completion of an
informed consent form. They were asked to record every
food item consumed over a 3-day period. Based on this
record, the participants’ mean daily caloric intake was
calculated.  Subsequently, an individual nutritional
counseling session was conducted with each participant to
ensure adherence to a consistent diet for weight
maintenance. Participants were advised to continue their
usual diet throughout the study period (particularly in the
phases leading up to the blood sampling).

The subjects were selected using convenience and
purposeful sampling and then randomly assigned, via a
simple lottery method, into three groups of 13 participants
each, as follows:

A control group: Placebo + food (once a week for 8 weeks)

Intervention group 1: HIIR-based running and placebo +
food (once a week for 8 weeks)

Intervention group 2: HIIR-based running and vitamin D
supplementation (a dose of 5,000 IU) with food (once a
week for 8 weeks)

The placebo consisted of an oral paraffin pearl
(manufactured by Zahravi Pharmaceutical Company, Iran),
which was visually identical to the vitamin D
supplementation.

Compliance with the consumption of the placebo and
vitamin D supplementation by the subjects was reminded
through weekly phone contacts.

A week prior to the start of the protocol, subjects were
familiarized with how to perform the training. The structure
of each training session for the two training intervention
groups consisted of three parts: A warm-up (5 minutes),
HIIT, and a cool-down (return to baseline) (5 minutes) as
three sessions per week. The warm-up and cool-down were
performed at an intensity of 50% of maximum heart rate
(HRmax). The main training consisted of 12 one-minute
repetitions of running at an intensity of 80% to 90% of
HRmax, followed by one minute of active recovery at an
intensity of 50% of HRmax.

The training sessions began in the first week with an
intensity of 80% of HRmax and 6 repetitions. This gradually
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increased, reaching an intensity of 90% of HRmax with 12
repetitions by the fifth week (with a progressive increment of
5% in training intensity and 3 repetitions every two weeks)
and continued until the final week. Furthermore, participants'
HRmax was determined using the formula (220 minus age).
Training intensity during the field-based exercises was
monitored and controlled using Polar heart rate monitors or
wristwatches.

Blood samples (5 mL) were collected from subjects,
following 12 hours of overnight fasting (consumption of a
light meal the night before blood sampling), in the two
phases of pre-test and post-test (48 hours after the final
training session). Samples were drawn in the morning from
the antecubital vein of the left arm while the subject was in a
seated position and after a 15-minute rest period. To separate
the serum, blood samples were centrifuged for 15 minutes at
3000 rpm. The resulting serum was then transferred into
microtubes, frozen at —80°C, and stored for the measurement
of the research variables.

Pre-test 25-hydroxyvitamin D levels were determined
using an enzyme-linked immunosorbent assay (ELISA)
commercial kit (manufactured by Padtan Gostar Isar
Company, Iran) with a sensitivity of 2.6 ng/mL. Serum
concentrations of TGF-B1 and TNF-o were measured using
ELISA commercial kits from China, with sensitivities of
0.75 ng/mL and 4.69 pg/mL, respectively.

Results

A statistically significant decrease was observed in the
post-test TNF-o and TGF-B1 levels in the HIIT-based
running group (5.10+0.62 and 17.73x1.63, respectively) and
the HIIT-based running + vitamin D group (4.73+0.47 and
17.22+1.32, respectively) (P<0.001); however, the levels of
these variables showed no statistically significant changes in
the control group.

Pairwise comparisons of the mean percentage changes in
TNF-a and TGF-B1 levels, conducted using the Mann-
Whitney U test, demonstrated that intervention groups 1 and
2 differed significantly from the control group (P<0.001).
Furthermore, the reduction in TNF-a and TGF-B1 levels was
significantly greater in intervention group 2 (training +
vitamin D) compared to intervention group 1 (training +
placebo) (P<0.001).

Conclusion

Following 8 weeks of HIIT-based running, both
inflammatory markers TGF-B1 and TNF-a decreased in the
study subjects, and this reduction was more pronounced in
the vitamin D-receiving group.

Regular physical exercise can inhibit the latent activation

of TGF-B1. Besides the direct and reciprocal stimulation of
TNF-a and TGF-B, TNF-a affects TGF-f receptors. TNF-a
can increase the expression of TGF-f receptors type I and 11
and stimulate the phosphorylation of Smad3 in fibroblasts. In
addition, TNF-o induces the expression of activator protein 1
(AP-1). This protein, upon binding to DNA, leads to
increased transcription of the TGF-B1 gene. The TNF-o-
induced increase in TGF-B1 expression may be associated
with the activation of the nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) pathway. TGF-B1 and
TNF-a have a reciprocal stimulatory effect, and their
synergistic effects are primarily in enhancing the release of
inflammatory factors. Therefore, it appears that HIIR-based
running, by suppressing both of these inflammatory markers
and inhibiting their synergistic effects, ultimately reduces
inflammation in conditions of overweight combined with
vitamin D deficiency.

The greater effect of combined intervention of HIIT-based
running and vitamin D supplementation on the
downregulation of TGF-B1 and TNF-o compared to HIIT-
based running alone is among the other important findings of
the present research.

Ethical Statement

This study received approval from the Ethics Committee of
Islamic Azad University, Sari Branch
(IR.IAU.SARIL.REC.1402.309). It was also registered with
the Iranian Registry of Clinical Trials (IRCT)
(IRCT20190831044650N3).

Conflicts of Interest
No conflict of interest.
Acknowledgments

This article has been extracted from the master’s thesis of
Ms. Marzieh Noshirvanpour Kochaksaraie in Exercise
Physiology at the Faculty of Humanities, Islamic Azad
University, Ghaemshahr Branch. We would like to thank all
participants who sincerely assisted us in conducting this
study.

Authors' Contributions

Marzieh Noshirvanpour Kochaksaraie (M.Sc): Project
execution, Data collection, Drafting of the initial manuscript,
Approval of the final manuscript.

Hossain Arabzadeh (M.Sc): Project execution, Data
collection, Drafting of the initial manuscript, Approval of the
final manuscript.

Masoumeh Habibian (Ph.D): Project administration and

design, Data analysis, Interpretation of the results, Approval
of the final manuscript.

The combined intervention of HIIT-based running and vitamin D supplementation is more effective than
HIIT-based running alone in strengthening the reduction of systemic inflammation.




29 o3 ale Sy (yguae 3l g 31 (ool 45 5110 Ol'f ; hﬁ“ }1 P 3].5 oKty M '

e-ISSN: YerA—FeAe  p-ISSN: 185Y—F¥50
QO 20 Yoyl / YV 0,98/ 1F+F 30l

3T o uid

(€

TGF-B1 gl ks 5 sl zbaw 3D (yol 9 O a0 9 Wkl (9L (0 p05 (oS 57 1
AL 23T alan <G Dyl 9 dgu08" b Olga b3 58 TNF-a g

. § Yo 1 qe e
@ (2 Ol dogare G573« 0313 O 48 Cymus ¢ S5 g5 39419 ;b g 4ao 0
9 50333 Selogs 09,5 (b9 SeilSloges ail Gulid ISVl peieadld o ol 5T o8l « oiadld amly (o359 pole 5 (S S 09,5 (b5 (STl 5 Wbyl el S )
el ppeieatl ¢ _oallid ol olKtils gt ol g psle 5 (o3 asrys o, sletils ¥l puly )yl oty o 35 > 5,

oUw>

M’J}b‘.& L b w/'l.‘fflg J,"J J/’J.’ .U(}f‘;duita'u L;L"f"“t";l'g} g.:.w/évu sl Jlg J/j.!'/J.’ D&_.al-.?‘; Jﬁ.«f:d:u\ﬁ 9 43*0}
A LoD ol g 3 peaS b Olsz O 5o TNF-a g TCR-BI oledl (slo Sybo b 5D oliy Spo g bidd ool L o (oS 7 A
5l g5 Ol 33 oo oS 008 e 5 ol 5 sbay D ealiy 35eS b SminS O P b 2 LTS n) st gmn g 495
S S i Sl ey A0 G e it b Ok ga s Ko SN Y ol i o 4ol ckish 8 51,5 © ool #50 p03) S
o [y 0000 g Lu‘;f:u g 4D pli g o aids s ands Vg JiSTde (b Ol pd dis s 00 ol b Jled o) i) 4dds
ki3S dlis g g Ko Il dtds Il dey 5 JSTNF-a 5 TGF-pI s sl Sl b A

a‘;;év M[iaJJD ‘J:.ALQ_; 6—9;”4.4 Jj.{aj év .gudjwo.g‘,;dﬂ‘MAﬂw TNF-a jTGF-ﬂI JW/;JL‘J"j‘CA“:"“mli
JJ.{J ‘;Jgje.f A= ds év 4...:1‘54 L Lﬁ‘-""(f’ :J;TNF-G 4 TGF-ﬂ] CJ/;_.,JU L2 40 "j:.fféd .(P< '/'0) CLJ'Q L;J/"u“"“ ‘;JLJ/‘UJ;AL( ‘Jj:.'.(
P</00) s il (5l e s D el

4 C,Jl_.j J:Ab/“/lba EPR L;Lé‘;f.’_,ujfj.ﬁ .QJJ "e"_;l-'f J'QJJ "ﬂ,«f s A g‘.,J"LxZATNF-a jTGF-ﬂI ‘,e.‘&d’;ﬂ‘ g A :‘5};475{5
By io D gl y AMCJQJJ:};J.:JAK&:;/

D poelo s 3peeS s K b ks by G o LT p07 0kinsp S5 55Tl 0 ol g sl o o S0 SO 19

habibian_m@yah00.com : Sig ySIl oy, « ¢yl doguaro 555 1 Jghmumo ok 93
CNEYVFERVO-Y e ali (555 psle g S Sy 0,5 (pieadld axly ol ST oKkl (gl 1 LS
VECRVAY il VESFANE Ghpds VEYAYAY  glzlel  VEYNNA Jges

.J_,.ir@ QLﬁ 4:9‘5 JiL{i S 6LAJ_,L.~ 9> 9 ol oS A0NR0

(365l b Joke gladnl 5l gk TGFBL asdi&w
..L.fk_gn r.‘...h.?' b S ‘5\.&‘)}1&: ]LL«J 9 )},..:3 L;.)l.g:.“ ‘)):iﬁT
Sl OT & TGFPL 8 Jsbo jled Conds 5 ¢ 55 4 4w TGFPI
J{a)u.c‘;.:)h‘)‘;}»I‘&Q;ﬂlﬂ@jﬁ&u‘je@‘aﬁ
Wl sbaolal 3 338 TGFBL mhaw od sdalin ¢y
@_l.i.'c V'ij) Loodd adss Bl b Sge 5 0Ob/OD (gla e
Pl oI s BB b oy
Sl S5 5oy ST el iy oS sl ¢ TNFa
oo b (Bl b S sl ) b o M 2y SO S
goslle S s oSS Gl b dag e S e (oley 4 5 0
J‘:“}:':’ c..k.:f 23 S e di_"féf 4.]90:1}44‘ ..13‘).7‘5;: TNF-a CJ‘l‘
s oler 5 JoedS s S O e b el

33she B 50 e Sl olen o Olse Sl

\ k& oS b £ )56
S el ug.‘.a (TGFB1:Transforming growth factor beta 1)
b 5 o sbdibe pl bS5 ol Fi5L 53 e
TNFOWT o5 okinsjs S5 Jule il ails sasl ol
o 51 TGF-B
S0 ys sledl launT 3 (B s 8 s Lol Sl plS 5T
oolgls Sl dzy b e o TGR-BI Tiyls SIlts Sl
Gty 5l Sy es S TOF-B eslgls ol .ol b 8 ol
sl b1y (Jobo sladyl 3 51 (aws e 457 ool g (e
TS o e UL 5 Shes L TGF-B slaoi S 32 b 51 S
Calomseol o 5 Ok (g 3k > (eell by TGFBI

(o:Tumor necrosis factor alpha

Article ID: Vol27-22

To Ve Olondo



https://orcid.org/0009-0006-1263-9276
https://orcid.org/0009-0000-5003-5242
mailto:habibian_m@yahoo.com
https://orcid.org/0000-0003-1028-1726
https://scholar.google.com/citations?hl=en&user=8DR3-bUAAAAJ

D by e 5 245 195 05 85 511 Y €

Gl bl chle (il o e (ol i gl S mle
Eoas Dl Flsgy Gl L sk B35 00 lelas
S8 Sosline TGF-BL 5 TNF-a oLl gl esls Cob 2
(_;)La.gmu:.,aub)(_;,)jwlh«dii):dtag\}.p@g"_w‘h.u
3 om TGF-BL STNF-0 sl )3 (5 o (s Al e 5o
Tl Dl Al Ll T edalie (S5 o T anie VY
35 A Geloes Lo 5 ¥ g5 ok 4 e Bl U5 53 TNF-a
R EPRT- I g
N oma e mls Sra b L ool Ol Gljes
5 A4S o Sl sl 3 o 8L s TGF-BL il 8l
Tl il o Jske ol Sipl 6, Kes S Llg s
J}‘ L= Cls: cujaj)) E) ;ﬁ’.u& r.lj) Lle ;A:J g‘_{.—d Cu.p‘

&S Ad odalin ﬂ; L}J‘):} Slallas BE A

WL owa b ooy 35,0 .l Bl 5131 s Culle Wiyl (6l
S e Calba 35 sl Ole3 i 1 J3m 551l K Ol ge
Ao skt 4 aalllas o) T 03 8 Iy e Ol
b SOk plaw 2D by Bae 5 s 235 e (oS S
el D paliy s 39S L Ol 0G5 55 TNF-ou s TGF-BI el

I V92

BLSI slls & eSOl 05T 535 b LT )
Y5 S s YO I SUL L 5 gl S ess atla L Ojs
Vs Jle (B Jl YOG YY e aials 3 cppe s p S kS
A gl

3L s s selal 53 b s seiT Ol gate
S 5 gl s g 00 sad anrl 1o pUCS (615 oS (S 08 O
AT Josdy D35 Ol 3 oy g 4 aslllas s

D53 9o Shyls & o (S 065 Juls aalllan 4 35,5 slaslns
0380 ES 5 (Biys Cleb mn 55 S ole A5 JBli> 4T s
Yo 5l S D by oS pdea YO mske lils s Lsy
g A s g0 S 50

5B by 4 Wl Jold addllas 4 5555 pde Glajlas
S5 5l eslizal (@l Gl 5 05 )l (Sae
L3 5ol s JaSa b ol (g5l

e s eT dudr a plail pde Jold aalllas Sl 2 sl slne
L35 D el g oite 5 e pe

pF eSS s ean Lay b GWET S b gsgesT
Somn andllas SLL G 3gm s ol b ils andllas 5,05 asbiuls,
(S8 IS8 L b aadllas 1 OLT S

Lol ¢l e o a3 5057 (o ME 035 385 257 4 51
O e 555 dsb 53 S SlAE esle A b Al atul g b S5 55T 5

O3 o SRR 4 e SOL 55 el ek 65 o5
sl gd d plie ite 5ba L0 TNF-0. 705 02
5 Fsd 53T e sl Gl Slee G b S o
25 B Gk 3L LT G et lusliT S
sbul 4 L5 o o 3L S Gie TNF-0 5 pl 4 .das
s oSS 0T 1 b (Sdpte ool 5 el s
Ol 5 S o 1) a5 wlg e TGF-B 5 TNF-
5 bdle 51 (ol 53 TGF-B Ol s TNF-0 &7 sl ol o305
b5 Sl ey kg slad s Ll 5okl (slad o A5le Ll
U e S e Sl sl 5 SOl men
G133 30 L awslin 5 Bl 5 055 9Ll lyls 5131 s TNF-a.
25 S gl cpl 28 e das(lid oS Sl odd odalin Jle 5 09
Ll o Sl s el IS &S plie U |
Sler il JShe & D by 3 g8 5 ST xlan
GRIP) cpl Al a5 me 53 0554 Slr 51 el
G Slres 8 5 o o 3 (Bl L ks oD sl s 3 g8
D ool (oS 55 Y0 ol prlaes Tl od outalis (ki
Ans oo OLES al g el o jon Satns Ll UL gl L
33 gosls 2l 1) Ll slaplS gl Wl o D Cpalug oS
D el slaoi 5 4 st G b 51 5 oSt Sl ans
2D by Lol 535S slandlSa 51 (SS Tdas ralS
4 e s ag 4l Cal g S35 D Galyy Od (e
aslle agh o Bl 5l (AU Ol ez )3 5D el s 35S
TGF-B/Smad2/3 (s 3ludled L5 Coli D el 5 3508 )
el s (ST JaSe O pae zin 93 45 i 03ls 0La5 s 48 e
Sols Ohley 53 1y TNF- o o (g 55 16 ) sbas D3
JoKa 5550 53 aadly 525 ol b0l 05ls [2alS 055, Ol
B pde GIUTe 6 3 s Sy 3550 Olizpas D sl
ol GIF el b ale Dby oS e
b Do e Linls Ol g5 cpizes I S esllea
5 TNF-o Ll sla SGlis 3 (gl gme i b D3 ol
Sl s s Vil a5 ol es Gl 0L TGF-BI
TGF-Bl 2als 5D el s oS 55ka=Y0 7 shwr )3 (63 s
oS O e Jis 4 655585 pootin 4 Ui 5131 )3 TNFar
Ml ol sdalive D3 el
L e slasslan 5 Sl Ol s ol ale o Sy s
Sl 48 el o 03l LS (Jle Ol gie a5 .55 oh o gums OT
L Ojs @lsl ghyls 063 5 Ols 0 55 e 9 S5 0 5 (oolew 4 Wt
5SS oS NG aslie 5o Glewr k5 5 Bl

AL |

A eslle Gl S5 psed Gemees o

(30 (o2 55 () ¥ o ylowi / YV 093 [ VE+ £ sl [ 5,5 (SKuijy oole olRi1s alzxo



Y0/ oy an 5 tl S5 s oy e yo

(M=Y) Gog bl azly s 5l ) @

(=) anlllas 3 0nd g )5 @

(1=+) 35,5 So)lone b BillaS poc @

(=) anlllas o ES 15 s poc @
() s Jle @

M=) ons sl @

(M=1Y) (D Geolng + (0 yed) pgo dllas 09,5 @
M=1Y) alsloe cdl o @

(M=V) (oigyls + ¢y 09) Jsl dilis 05,5 @
M=V alslas il o @

v

(n=+) ,Ken alai ®

(1=+) & )San oo @

Y

3
3
(=1Y) J55 05,5 @ §J
v
(=) & Ko plas ® \
E
\

(=Y oa LT @

(N=\Y) oas LT @

(=Y ooz JUT @

b 3T, Hlogei ) S

~‘L:L5)}T’\i;;:j-‘“wwg§i

Sl (S8 b e gs03T (JSS5 g5 5l 5 win &
dotlte 05 5 53 6l oo ed dndr a asl s LT Ol e
LS 5l Dl a3 (455 0) 038 8 i e Jolb gy el
oo 4 (sl S 4 CiS5L) 038 3w 4iEs 0 5 Sd
Ol o3 B0 Db b 035 5 5 p S o atin 53l 4w
b Odss hiads oS5 LN L ol s 5 ST
Sl 4By S5 5 ST b5 0L, deoys 0 BAY Sl
.Mrlgd|Ji§‘~\>sT,l§Ql{féMJ:0' Sl b Jleb

5 A LB 0L, dop A S b ol ke s Dby e
B 0L s Ao ys A s ey s 43 5 S a8 ISP
(e D 4 oy 0 ey R L) LSSV L ST
crmmen T 3L aelsl ST azia U5 ey (ain 93 8 55 ,1SG ¥
Slge o) alaly Sl eslial L 0B S eS8 b 0L s ST
0 S Sl e 3 el S 5 L3S e (VY sue
Los DUy e Olpd 5 eslimal b ocdd plil Gl )
S J S e glsla

W dlise (adbe 0 Ol5e @) b gosniT 5 sladipei
Sds el s S Sl 3 Sae) ald Glib ol
o ol FA) 05057 g 5 0505 T oy Al o 5353 6,505
Condy 53 o Cwd 293k Loy S (el o ST )
‘5\1{.&‘5JJT@.>_-C,¢J:‘C,>-‘]L~1@5:\ajlew

Foon Sopm L aids 10 Sde (G Gt (oo Slull

SHE Ol bl ol s lad Zblanly 55, ¥ sl 1) L35
S ST b gl (b5 38 alomn 3131 4155, (Bl
s el 055 i (61 DL ) Sales 6l (g o5l
0393 (b oo 1y Jpeme GlME 05y b o 5 b SaseiT 4
s Sale s (6 51 B ol 03 0305 ) oo

5 JEe o i 8 51 sy 55 P S adlas 4 a5 L
o s> A0 Olizabl g b Szl b sl o 1l S eslisl
Logds a0, 5 Y8 G 3a3 oz 0 /D Bl o3Il 5 Ao 3 A Ol g
b b 8 s B es 8 e sl ke bl

I R O O R LR - TRy ]
AW g8 an s esle (S 3 by 4 Balad sba
S5 A

SLESS Glaia 136 ol on 4 L gyls oS (3 me 1 28 65 8
azia A e

slran 4 LS 5l Odsd p e plowl il Al o S
i A S 40 LS (lania 148 of on 4 Lasg )15 oS 5L s

bopls s ols Odss op el plol fpss dlshs 058
4 LSS (slazaa 142 ol pon 4 (A 158 0 533) D sl 5 U5 e
Y A Sde

S o cale S bl sl Jp Jels gyl
JoSa alin Wl (6l i 516755 011 = 531,25 S5kl
25D el

N aGasesT Luy D by 5 Lis)ls O pae o sas 5o

(30 (ot 55 ) Y o )lond / YV 095/ VE+E sy [ (5,5 (Siijy pole oluiils dlxe



D by o 5 205 95 (505 85 511 Y

Al g 0 3 luilinl B152l 5 (535 0 S ASLE oy 33903 (5 yingys T BT 591 ) Jour

S 5,00-Y0
BMI
kel T HD el (ool 555 W) o (F555) 039 (e til) 05 Loy 5
(=
VE/DAEE/ - f YV V£V Y YENOEY/AD YEIYYLD/- Y VEV/AYEE/D4 Jyus
V- AEYIVF YANYEVNF YO/AYE)/AA YO/NYEE/AA VEYISYERO0 Las I+ st pod
VO/FAEY/0Q YV/SOEVNF YO/E5EVAD VOIESEEIYA \SO/YYHO/FA Diseoliss + 9 (ot ol
“IYEA YIYY. - IBAY SR VAYA F o))
- IYAY SIVEA NiNA < IARY SNAA (40,5 il s Jelos ¢y305T) P-value
axlllan 5550 (sLoog,5 50 4o A 5l (e (aSLeo Sl ki Al 1 ¥ Jgur
P-value , e Bl g (1 Ske
| (795t Oge;)) P-value ' , } og 5 o yito
(s J5g,S" 55031 IR JUUFS RV o9o3) o 093] Gl
- IYAY -NAEJSY IS OIB-E+/00
wevETe <fee £11 81 BN EPY OIYAEJFY L, - TNFo
e - . ot . 5 ad e )
P /oo ) % i Gidihee 2 5 550)
<efee SV VYN A FIVYE-FY AL /OF D oseelins +yegd (ptpod
SIYEY o Ao IYE Y4/29:E1/AY YA/4VEV/AY dys
HI=FFVA <efee AUATEV/AY VWWIVEEV/PY VA/SVENAY Lass,) e
ol - 59,00+ y0ugd 1 ped c
P<efen) R ORST o G 5 05 55)
<efeed S\YYEVEP AR ERYAR! YA/ /OA Dsobiss 099 Ot el

(K Jguta) i sdalin (g l5 e

053 (o3 03,8 53 TGF-BL 5 TNF-0 pebas 09057 g 3
+Od3 el 03,8 5 (WVWEV/PY 5 0/1 /5y

R

LT 2als (W/YYEVFY 5 VW /FY (55 a) D cplus
IS 058 53 la ke oyl b Ll 4P</00Y) S5L (5 )ls e
Y Jsder) S35 6yl sima (LT o

5 TNF-o obe Olpid dos oke 55 4 33 amlis
ST Ol a8 515 Ol g e g 0057 5l Jool= TGF-BI
35 JAS 0s 8 bpss 5 il ddstlie Glaos S oy (sl imn
53 TGF-BL 5 TNF-0 £ o 285 cpimen (P</001) 3,05
e 098 L amlin 53 Dol + 0 00) 35 alstlide o5 S
P/ V) s g i ol gme ssba (Ligyls + (0 e3) )

o

5 TGF-B1 oledl Sk 55 a ol anllls byl
L;Lﬁ‘-ély).-‘- 03 L oglS O 93 o ped ain A Ll TNF-a
oS Z5L )5 05,8 3 LralsT 5 S8l malS anllas 5
Sy e Dl

Olis O, Kea 5 Park jJUTke andlas oS5 53 clinly men 3
T st 5 BB osba (oS 5 (s el s )Y &S sl
5 Sl o3y 2ol WS Sl 4 Ui sl OG5 1, TNF-a
ol Glaze oz 3L I TNF-a 5 2alS pios slizel 4
bl o 035 5 0k e O s 4 e dtie
5 xS B, ol G @l b e Yol ey
S35 2S00k Jold 2 o5 aeliy aia A 51 L5l 53 O
Ol Ao ys PO Sl b oaly 51 8,0k 9 Sl as 95 ¢ foes 5

093 4 Joolb iy e LA 55 Sle 4iSs 55 4
5 ot o e ar s Ay Gles 53 5 b ay sy S
W58 1 eslinal 3 g0 G (gl ke (5,8 0510 (s

Sheslimel b 0pe3T St 03 D sl s (S 50 slas
s 4 Ol 58 Sl 28 sl oS s Cale ol IS
Chle b e e p S AL VP ol Lo 13U
o 0558 Sl Sl eslizul L TNF-00 s TGF-B1 oo e
Al 20 S ST 5 Ahs 5 S50 MO il L
A ot | U1 g 4

5 5 4 ;%5 SPSS-24 ol J‘}é‘rj.; 5 oslazwl b Lassls
Cios SAS1, 5 65 o Glatlh ooy losls Ll
Slr e o 5 Sy s mls GboseT I rmes s
A osliul b byl il g Wesls w55 035 sk (s 2
Slr s a3t sl 5 (25,8 000 Dk sz Sl
Loty e 05T 51 208 o Dk e
Wl s 0T 5l s aaheS S slags S eIl
baosls Sl 55 s 5 edls JKs S lad sa5T 5N eSS
Solsgme edalie Sjge )3 Al sl 55 (Db jise s b
i 05057 3 ol s s 6l oy 5 o ol
00l S el aed (5)ls sxe gl A elial Sy 50
i § Ly

il

BMI (L) o (o ShS) 055 ¢ 2a le) 85 (sl e
2 550 Dol s (oS 5)da Y0 Olzn 5 (o0 ol S 5hS)
bl Ot 3357 St 5o anlllas 350 slaey S (i le

(30 (o2 55 () ¥ o ylowi / YV 093 [ VE+ £ sl [ 5,5 (SKuijy oole olRi1s alzxo



YV 1 o15on 5 ol pa S sl iy a0

P TGF-BL 05 0ls Hls sme fals & e oS 4D plxsl 4dds Y/0
3 TNFeo Jlize 5 odte &K o oslle Tis § 0 L
TNF-0 5 Sl 108 I TGF-B sWoti .5, TNF-0. "' ¢TGF-B
s ools pmlE 151 g5 TGF-B ek, S Ol Wiy
e Tl 6 o laally o 53 1, SMAAS & sl ) sind
559 o) AST WY sl Jlab 59, Ol Ll $ o0 TNF-al
05 mrs SRIP 4 e« DNA w Jlail ed
oSas TNF-00 51 56 TGF-B1 Ol uljil .35 o TGF-B1
TNF-0. 5 TGF-B1 sl L o NF-KB e (s3ledled L ol
5 TOF-BL ol5len 31 5 dis Jilite i &S5 o 31 gl
i el ey el gl ol L)y s ity TNF-o
33 2 31K 2 S b s 0lS g3 o T oS s 0
S S b 53 Gl alPles SIS e b s el el
3505 L olen G5y WLl Lyls s Cldl Al 4
25 D ol
O pan g ddd (gl Oisd (T (oS 5 ale 2i U
L awolie 5> TNF-o 5 TGF-B ite ol 53D ulus JoSe
SO G 53 5o e Slaeily dhax 1 s Oisd o e
e Sl A Wsls 0l Kos opdizes bt ) sba Ol
oIP 5 TNF-0 mhaws (28l 55 Dol s 3o 5 uilly
S m a4 awlin 55 (IL-10) Ve— 0S ozl lgdlus esls
3505 Lol e (G55 BLSI (6yls Olape 3 (o ped 3 Al ke
23 08 5 5 psden iyl 53 Pl 03y 28 D el
dlg Ve ) Do puelug 5 g5 Cwglia filaze Of 51 aslllas
Je & s LB s Shas 5 (B 55,08 sy p (i 3 LIS
5 Gl el dlstlde 55 a a8 Wsls Oli B 4 I e
N2 g Sod A 4 e (i SU L) (55 sl
| O3US" o5 iomes 5 SMad2/3 TGF-Pl S 2alS” 31 b
D omlus omly zshe & Lisls O cpiioes 7ol 03 N1
s TOF-Bl el Jalge 2l Jlaat LUs 51 S Lilg o
slgdy @odme SlapslKe AL 8 s TNF-a
CelD sy oS g5 (65 VY0 (0T plul 45 ol ok
22 Dol (ST 63 SN0 sk e Ll S
BERFPIN P =g V| FCNI S N s
Gl Sl Wy als & e S ol ( aKilbeT Ll s
s gl S wle g i3l s TNF-o dsbe oledl i
oS (o5 6 Olgea D bt g 0 S ™35 8 IL10 e
Gk 311, SMad3 & atwly w59, (TGF-B/Smad3 e it
b s SMaL3 5D altys 06,8 o oShaS” JSL5 &K, o
TGF-Bl 7skow 2ol osllen TS e s bl b o

QL.‘:J.L;‘JLWJJL..SL:A;fﬁ‘_;”,!mJ:u;_-\‘)G}\EJB
05,5 55 TNF-a 5 TGF-B Ll sla,S6 Zob S Lol
b B50s oppd 5 005 dlg O35 slols 05 8 Sl i 055l
O35 BLal glyls Ols,e 5 olgdl Gla, o8B s Hls pae JialS
Q‘)‘y:&-ﬁ)} Sy ol C\:u\ anfllon B M.Q,.w‘ 03y a‘,a.h
L odaline Jl.ajs Lf""'f°'>}; yh@bd{fd#)‘f\;&;ﬂﬁ
3 Sl B Ol 4 253 53 TGF-BL o il o
W5 e it (o e pladl al s il 035 J ST 05 S
Sdol 5 Obde s bl .les Hles |) TGF-P1 azig (s jledlas
Lbd ol Dl s aia Hler Sl amlie skt 45 5 adllas o
shls Ol Ol s TNF-o C]““ Dol leA(.» Y
5 5 TNF-0 o Sk &7 L5 S 518 Glo 5 0550l
Odhss S Ll Jolb s sl e JSSsn plnl
S yplis S5 Olje ol Yo IR Sl b (glast #
IS g Ll el 2als o o ol zul s Hlex Lol jan
Ol L Ogs gladl ¥ Cw Slgz Jols s osls o jes
)‘:t:u u:..ﬂs\.f 4 s LEw O CA>|J:.‘~‘ 4.3._53 95 9 S
Sler 1 bl 53 O 5 03l i Cpimmen i TNF-a
WLl Ghyls 05 53 055 Joosi Oak 9 b Ldd (o5l5 (1 pod anin
s e g g5 55 Claie TNF-0 el 487 015 0L 05
Ul 3 0L SAIFIN 3y I LTl (gl gae [2alS
45\.,;‘6‘)‘)Q‘bf)}&b}&})f.&i&@)u‘ﬁﬂmfj‘
5 OL g 035 Lo yd (Dl e ol S e &S Aisls 0L O
#5 TGF-B2 o CE.~ bl sl (gls sime 2alS O 059
);Dw@;qgchw@wloﬁuswd\”.@g}&)bd‘#
S gnsaT o Sludl Dladllas ST 55155 558 bgs e ba 5507
wdlas Lol Glacussdow I 8 Lais ¢ Sbje Cgx ol
Slajas Sl opast 3 prer D8 o Do Sl
37 i 4 (S Gll Ollas TOF-BI oy (2555
Sl bl ol G s s e sioe dlex I &S
CE.» » ‘53)')) C,.:.sw jg‘ 4“:‘[.5.& BE) Qb&a.& E) Kwak Sy
45 Lsls QL:.J Q‘}>- 9 u,w.ﬂ u’.;‘fr..p 6\.&&}.& BL TGF-Bl
dder 2 55 BB FO e s el ain VY Juls el ST
%&l@al{):TGF-Blcluﬁlfqﬂm);j”b}
P 4ws 6> oL 8en el ww.u\.& e Sl S g
o3Il s TOF-PT 05 0l 2 < 45 b Olejen Ll sl
Vs s Clab o3 S fald (o5 JSTs 5 plawl s gl
Gloyss L ocadds YO Ol Oy S b Slus doys

Sde s O g3 Cwd b ST Aoy O Sls b e Sl

(30 (ot 55 ) Y o )lond / YV 095/ VE+E sy [ (5,5 (Siijy pole oluiils dlxe



D by b o 5 405 195 (05 55 511 VA

5 0js slal slls s e Ol 0L s TNF-a 5 TGF-Bl
ot oS 5 e s I b2 8 D by s paS
ol AT s 53 D opeluy S8bys b pls s ls
23 e L sl o el el b aglis 5 Sl sl STl

SUs1 Sl Ue

ol Aoty — gallad 13T oty BUst 42aS” Aol 3 o anlllas
Aol 5y 40 fmmen .23 8 13 (IRJAU.SARI.REC.1402.309)
(IRCT20190831044650N3) ol b obsT,8 o 5
XS

O s ¢5 &8 5lo

ol clie ady) s (235 Mg glendy 4y
e ol e A5 5 o3l (55T mer (0550

So5T oz 0053 plal callin 4l b (2 5 10315 O 6 (e
Alie g i b g Laosls

aosls LT ofspn (b 5 Co e iObm> dogaze 5578
Alie 5l ad Aol 5 s el

Bl 2o

353y i (2o D8 Ao

g55'.5).'\5 9 )::.3

S sl nts abe (Gl wlOLl Jol i o
SV B Sossad wdy s wiyl Wla S ams A g,
s el doly = kel ST o8ty Ll e 0aSCals
Szl 53 ) b dlares o8 OEWSES 5 ales 5 abensn s
e on S 65 505 (65 ¢ adlllas

References

. Felicidade 1, Bocchi M, Ramos MRZ, Carlos LO, Wagner NRF,
Campos ACL, et al. Transforming growth factor beta 1 (TGFS1)
plasmatic levels and haplotype structures in obesity: a role for
TGFB1 in steatosis development. Mol Biol Rep. 2021
Sep;48(9):6401-11.  https://doi.org/10.1007/s11033-021-06640-
2.

2. Kralisch S, Bluher M, Paschke R, Stumvoll M, Fasshauer M.
Adipokines and adipocyte targets in the future management of
obesity and the metabolic syndrome. Mini Rev Med Chem. 2007
Jan;7(1):39-45. https://doi.org/10.2174/138955707779317821.

3. Feng XH, Derynck R. Specificity and versatility in tgf-beta
signaling through Smads. Annu Rev Cell Dev Biol.
2005;21:659-93.
https://doi.org/10.1146/annurev.cellbio.21.022404.142018.

4. Maharjan BR, McLennan SV, Twigg SM, Williams PF. The
Effect of TGFB1 in Adipocyte on Inflammatory and Fibrotic
Markers at Different Stages of Adipocyte Differentiation.
Pathophysiology. 2022 Nov;29(4):640-49.
https://doi.org/10.3390/pathophysiology29040050.

5. Yadav H, Quijano C, Kamaraju AK, Gavrilova O, Malek R,
Chen W, et al. Protection from obesity and diabetes by blockade
of TGF-p/Smad3 signaling. Cell Metab. 2011 Jul;14(1):67-79.
https://doi.org/10.1016/j.cmet.2011.04.013.

6. Sethi JK, Hotamisligil GS. Metabolic Messengers: tumour
necrosis factor. Nat Metab. 2021 Oct;3(10):1302-12.

=

5Dl 5 35008 b SiaS Jy Ol gyt 4 Uis 0L 5
35S 5 S35 6Ll hyls Ols e 55 TNF-a o Sl
S sl S 8 518 P US addlle s Dol
TNF-a 5 TGF-Bl el clopS smle baw 53 D wslug
5 oS T lad gl sldwd Wil 5 g0 (L3555 o ed emmad ol
S Gl S sl sdas sba & das BB, is F
3 LIS e s Sl sed sslleay S e 53T 1, IL-10 usle
M1 C,;;H);u};u*gﬁuﬁ;@,La.u‘_;urg&&k
Jbe Olge 4 ey (L1310 e M2 p 4 bl
S IL10 Wl oldlis gla S wle WL a5y Sly e
358 sl Sl 5 o 3L 55 TNF-a 5 les 5 IL-1Ra
SIS ol g oeslle S o sl Ll b 6 okl
4D el s JoS b wliin L5 (505 p a5 el 0l
b 3Bl Lol ea D el 5 5508 Condy 5o Sledl ials
Sladshe 5 Slhae (o 3Ll oS mle g s el
(o gl & Dl G130 dtene 8 p5bas b 5 eSS
3 Ul s Slee 3 g Ok SASIET 8B S
TS S O g 5 05505 RS

D ol s z3lie oS ke & 015 on aalllan pl s gutoma |
23 gad o)lal asllas ol OLL s

S 5 doms
O 53 o o5 Sl 51 a8 315 0Lt andllas oyl s

DA 4 e WIS o D el O e Dok 5 L s LS
Sl s Sl e it 5 b WS s St Sl

https://doi.org/10.1038/s42255-021-00470-z.

7. Cawthorn WP, Sethi JK. TNF-alpha and adipocyte biology.
FEBS Lett. 2008 Jan;582(1):117-31.
https://doi.org/10.1016/j.febslet.2007.11.051.

8. de Souza Dantas Oliveira SH, de Souza Aardo TL, da Silva
Barbosa L, Souza Lishdéa PG, Tavares Dutra CD, Margalho
Sousa L, et al. Immunohistochemical analysis of the expression
of TNF-alpha, TGF-beta, and caspase-3 in subcutaneous tissue
of patients with HIV lipodystrophy syndrome. Microb Pathog.
2014 Feb-Mar;67-68:41-47.
https://doi.org/10.1016/j.micpath.2014.02.004.

9. Eswar S, Rajagopalan B, Ete K, Nageswara Rao Gattem S.
Serum Tumor Necrosis Factor Alpha (TNF-a) Levels in Obese
and Overweight Adults: Correlations With Metabolic Syndrome
and Inflammatory Markers. Cureus. 2024 Jul;16(7):e64619.
https://doi.org/10.7759/cureus.64619.

10. Park CY, Han SN. Vitamin D and obesity. Adv Food Nutr Res.
2024;109:221-47. https://doi.org/10.1016/bs.afnr.2023.12.006.

11. Ngo DT, Sverdlov AL, McNeil JJ, Horowitz JD. Does vitamin
D modulate asymmetric dimethylarginine and C-reactive protein
concentrations? Am J Med. 2010 Apr;123(4):335-41.
https://doi.org/10.1016/j.amjmed.2009.09.024.

12. Faraji S, Alizadeh M. Mechanistic Effects of Vitamin D
Supplementation on Metabolic Syndrome Components in
Patients with or without Vitamin D Deficiency. J Obes Metab

(30 (o2 55 () ¥ o ylowi / YV 093 [ VE+ £ sl [ 5,5 (SKuijy oole olRi1s alzxo


https://pubmed.ncbi.nlm.nih.gov/34403036/
https://pubmed.ncbi.nlm.nih.gov/34403036/
https://pubmed.ncbi.nlm.nih.gov/34403036/
https://doi.org/10.1007/s11033-021-06640-2
https://doi.org/10.1007/s11033-021-06640-2
https://pubmed.ncbi.nlm.nih.gov/17266636/
https://pubmed.ncbi.nlm.nih.gov/17266636/
https://doi.org/10.2174/138955707779317821
https://pubmed.ncbi.nlm.nih.gov/16212511/
https://pubmed.ncbi.nlm.nih.gov/16212511/
https://doi.org/10.1146/annurev.cellbio.21.022404.142018
https://pubmed.ncbi.nlm.nih.gov/36548206/
https://pubmed.ncbi.nlm.nih.gov/36548206/
https://pubmed.ncbi.nlm.nih.gov/36548206/
https://doi.org/10.3390/pathophysiology29040050
https://pubmed.ncbi.nlm.nih.gov/21723505/
https://pubmed.ncbi.nlm.nih.gov/21723505/
https://doi.org/10.1016/j.cmet.2011.04.013
https://pubmed.ncbi.nlm.nih.gov/34650277/
https://pubmed.ncbi.nlm.nih.gov/34650277/
https://doi.org/10.1038/s42255-021-00470-z
https://pubmed.ncbi.nlm.nih.gov/18037376/
https://doi.org/10.1016/j.febslet.2007.11.051
https://pubmed.ncbi.nlm.nih.gov/24583153/
https://pubmed.ncbi.nlm.nih.gov/24583153/
https://pubmed.ncbi.nlm.nih.gov/24583153/
https://doi.org/10.1016/j.micpath.2014.02.004
https://pubmed.ncbi.nlm.nih.gov/39149648/
https://pubmed.ncbi.nlm.nih.gov/39149648/
https://pubmed.ncbi.nlm.nih.gov/39149648/
https://doi.org/10.7759/cureus.64619
https://pubmed.ncbi.nlm.nih.gov/38777414/
https://doi.org/10.1016/bs.afnr.2023.12.006
https://pubmed.ncbi.nlm.nih.gov/20362753/
https://pubmed.ncbi.nlm.nih.gov/20362753/
https://pubmed.ncbi.nlm.nih.gov/20362753/
https://doi.org/10.1016/j.amjmed.2009.09.024
https://pubmed.ncbi.nlm.nih.gov/32747610/
https://pubmed.ncbi.nlm.nih.gov/32747610/
https://pubmed.ncbi.nlm.nih.gov/32747610/

YA/ 0500 5 ol s ol e s yo

Syndr. 2020 Dec;29(4):270-80.
https://doi.org/10.7570/jomes20003.

13. Karonova T, Belyaeva O, Jude EB, Tsiberkin A, Andreeva A,
Grineva E, et al. Serum 25(0OH)D and adipokines levels in
people with abdominal obesity. J Steroid Biochem Mol Biol.
2018 Jan;175:170-76.
https://doi.org/10.1016/j.jsbmb.2016.09.005.

14. Darban M, Doustmohamadian S. Vitamin D reduces TGF-3
levels in advanced Fibrosis. (The role of vitamin D in reducing
TGF-B levels in advanced Fibrosis). PJ M H S. 2021;15(1): 598-
602.

15. Dadaei T, Safapoor MH, Asadzadeh Aghdaei H, Balaii H,
Pourhoseingholi MA, Naderi N, et al. Effect of vitamin D3
supplementation on TNF-a serum level and disease activity
index in Iranian IBD patients. Gastroenterol Hepatol Bed Bench.
2015 Winter;8(1):49-55.

16. Jamka M, Wozniewicz M, Walkowiak J, Bogdanski P, Jeszka
J, Stelmach-Mardas M. The effect of vitamin D supplementation
on selected inflammatory biomarkers in obese and overweight
subjects: a systematic review with meta-analysis. Eur J Nutr.
2016 Sep;55(6):2163-76. https://doi.org/10.1007/s00394-015-
1089-5.

17. Mohseni H, Amani R, Hosseini SA, Ekrami A, Ahmadzadeh
A, Latifi SM. Genetic Variations in VDR could Modulate the
Efficacy of Vitamin D3 Supplementation on Inflammatory
Markers and Total Antioxidant Capacity among Breast Cancer
Women: A Randomized Double Blind Controlled Trial. Asian
Pac J  Cancer  Prev. 2019  Jul;20(7):2065-2072.
https://doi.org/10.31557/apjcp.2019.20.7.2065.

18. Susanti S, Subandiyah K, Khotimah H. The role of vitamin D3
supplementation to transforming growth factor Bl and tumor
necrosis factor o levels in steroid resistant nephrotic syndrome.
AIP Conf Proc. 2021; 2353(1): 030064.
https://doi.org/10.1063/5.0052610.

19. Barry VW, Baruth M, Beets MW, Durstine JL, Liu J, Blair SN.
Fitness vs. fatness on all-cause mortality: a meta-analysis. Prog
Cardiovasc Dis. 2014 Jan-Feb;56(4):382-90.
https://doi.org/10.1016/j.pcad.2013.09.002.

20. Docherty S, Harley R, McAuley JJ, Crowe LAN, Pedret C,
Kirwan PD, et al. The effect of exercise on cytokines:
implications for musculoskeletal health: a narrative review.
BMC Sports Sci Med Rehabil. 2022 Jan;14(1):5.
https://doi.org/10.1186/513102-022-00397-2.

21. Hamedinia, MR, Khademosharie M, Ghaderisahi F. [The
Effect of Combined Exercise Training on TNF-o. and TGF-B1
Levels in Women with Multiple Sclerosis Patients]. JAEP.
2019;15(30):63-76.
https://doi.org/10.22080/jaep.2019.14693.1794.  [Article  in
Persian]

22. Rjabi A, akbarnejad A, Siahkohian M, Yari M. [The response
of TNF-a, IL-6 serum levels and lipid profiles to two aerobic
training frequencies with the same volume in obese middle-aged
women with type 2 diabetic]. J Sport Exerc Physiol.
2021;14(1):59-72. https://doi.org/10.52547/joeppa.14.1.59.
[Article in Persian]

23. Fayyazi S, Gharakhanlou R, Molanouri M, Kordi M. [The
effect of a period of high-intensity interval training on gene
expression of transforming growth factor-beta (TGF-B1) and the
size of cells in subcutaneous adipose tissue of rats fed with high-
fat diet]. Daneshvar Medicine. 2023;31(2):83-94.
https://doi.org/10.22070/daneshmed.2023.17577.1341.  [Article
in Persian]

24. Fico BG, Garten RS, Zourdos MC, Whitehurst M, Ferrandi PJ,
Dodge KM, et al. The Impact of Obesity on C1q/TNF-Related
Protein-9 Expression and Endothelial Function following Acute

High-Intensity Interval Exercise vs. Continuous Moderate-
Intensity Exercise. Biology (Basel). 2022 Nov;11(11):1667.
https://doi.org/10.3390/biology11111667.

25. Khodadoust M, Habibian M. [Investigating the Changes of
Tumor Necrosis Factor-o and Interleukin-10 After 8 Weeks of
Regular Pilates Exercise and Vitamin D Intake in Overweight
Men: A Randomized Clinical Trial]. J Arak Uni Med Sci.
2020;23(6):888-901.
http://dx.doi.org/10.32598/jams.23.6.3537.5. [Article in Persian]

26. Poon ET, Siu PM, Wongpipit W, Gibala M, Wong SH.
Alternating high-intensity interval training and continuous
training is efficacious in improving cardiometabolic health in
obese middle-aged men. J Exerc Sci Fit. 2022 Jan;20(1):40-47.
https://doi.org/10.1016/j.jesf.2021.11.003.

27. Park SM, Kwak YS, Ji JG. The Effects of Combined Exercise
on Health-Related Fitness, Endotoxin, and Immune Function of
Postmenopausal Women with Abdominal Obesity. J Immunol
Res. 2015;2015:830567. https://doi.org/10.1155/2015/830567.

28. Raoufi Sangachin A, Abdi A, Barari A. [Effect of Endurance
Training and Spirulina Supplementation on Inflammatory
Cytokines Level in Overweight Men: A Clinical Trial Study]. J
Gorgan Univ Med Sci. 2022;24(2):1-9. [Avrticle in Persian]

29. Eka Widiastuti 1A, Arsyad A, Idris |, Patellongi |, Kadriyan H,
Buanayuda GW, et al. Exercise adaptations and TGF-f1 levels
in recreational cyclists. Ann Med Surg (Lond). 2021
Sep;70:102872. https://doi.org/10.1016/j.amsu.2021.102872.

30. Dokht-Abdian R. Ahmadi A. [The Effect of Four Weeks of
High-Intensity Interval Training with Different VVolumes on IL-
6, TNF-o and hs-CRP in Overweight and Obese Young Girls].
Journal of Physical Activity and Health. 2023;2(1):1-14.
https://doi.org/10.30495/pah.2023.1979849.1033.  [Article in
Persian]

31. Shariatzadeh M, Moghadam Z, Maleki L, Keshavarz E,
Hedayati M. Short-Term Effect of Two Types of High-Intensity
Interval Training on Plasma Level of TNF-a, IL-6, CRP and
Lipid Profile of Overweight Women. Journal of Sport
Biosciences. 2017;9(2):195-207.
https://doi.org/10.22059/jsb.2017.128575.963.

32. Alfin F, Subadi I, Nuniek NS, Tinduh D, Melaniani S. Effects
of High-intensity Interval Training Treadmill with Changes in
Inclination on TGF-B2 Serum Level of Overweight Male. Int J
Health Sci. 2022;6(S4):2646-59.
https://doi.org/10.53730/ijhs.v6nS4.7646.

33. Kwak HB, Kim JH, Joshi K, Yeh A, Martinez DA, Lawler JM.
Exercise training reduces fibrosis and matrix metalloproteinase
dysregulation in the aging rat heart. FASEB J. 2011
Mar;25(3):1106-17. https://doi.org/10.1096/fj.10-172924.

34. Walsh JS, Evans AL, Bowles S, Naylor KE, Jones KS,
Schoenmakers |, et al. Free 25-hydroxyvitamin D is low in
obesity, but there are no adverse associations with bone health.
Am J Clin Nutr. 2016 Jun;103(6):1465-71.
https://doi.org/10.3945/ajcn.115.120139.

35. Liu ZW, Zhang YM, Zhang LY, Zhou T, Li YY, Zhou GC, et
al. Duality of Interactions Between TGF-B and TNF-o During
Tumor Formation. Front Immunol. 2022 Jan;12:810286.
https://doi.org/10.3389/fimmu.2021.810286.

36. Mehdipoor M, Damirchi A, Razavi Tousi SMT, Babaei P.
Concurrent vitamin D supplementation and exercise training
improve cardiac fibrosis via TGF-B/Smad signaling in
myocardial infarction model of rats. J Physiol Biochem. 2021
Feb;77(1):75-84. https://doi.org/10.1007/s13105-020-00778-6.

37. Ramadan A, Sallam S, Yousef R, Elsheikh M, Ali A,
Elhusseny Y, et al. Evaluation of IGF-1, TNF-a, and TGF-
Gene Expression after Oral Vitamin D Supplementation in

(30 (ot 55 ) Y o )lond / YV 095/ VE+E sy [ (5,5 (Siijy pole oluiils dlxe


https://doi.org/10.7570/jomes20003
https://pubmed.ncbi.nlm.nih.gov/27629594/
https://pubmed.ncbi.nlm.nih.gov/27629594/
https://doi.org/10.1016/j.jsbmb.2016.09.005
https://pjmhsonline.com/published-issues/2021/jan/211598
https://pjmhsonline.com/published-issues/2021/jan/211598
https://pjmhsonline.com/published-issues/2021/jan/211598
https://pubmed.ncbi.nlm.nih.gov/25584176/
https://pubmed.ncbi.nlm.nih.gov/25584176/
https://pubmed.ncbi.nlm.nih.gov/25584176/
https://pubmed.ncbi.nlm.nih.gov/26538075/
https://pubmed.ncbi.nlm.nih.gov/26538075/
https://pubmed.ncbi.nlm.nih.gov/26538075/
https://doi.org/10.1007/s00394-015-1089-5
https://doi.org/10.1007/s00394-015-1089-5
https://pubmed.ncbi.nlm.nih.gov/31350967/
https://pubmed.ncbi.nlm.nih.gov/31350967/
https://pubmed.ncbi.nlm.nih.gov/31350967/
https://pubmed.ncbi.nlm.nih.gov/31350967/
https://doi.org/10.31557/apjcp.2019.20.7.2065
https://pubs.aip.org/aip/acp/article/2353/1/030064/636969/The-role-of-vitamin-D3-supplementation-to
https://pubs.aip.org/aip/acp/article/2353/1/030064/636969/The-role-of-vitamin-D3-supplementation-to
https://pubs.aip.org/aip/acp/article/2353/1/030064/636969/The-role-of-vitamin-D3-supplementation-to
https://doi.org/10.1063/5.0052610
https://pubmed.ncbi.nlm.nih.gov/24438729/
https://doi.org/10.1016/j.pcad.2013.09.002
https://pubmed.ncbi.nlm.nih.gov/34991697/
https://pubmed.ncbi.nlm.nih.gov/34991697/
https://doi.org/10.1186/s13102-022-00397-2
https://asp.journals.umz.ac.ir/article_2457.html?lang=en
https://asp.journals.umz.ac.ir/article_2457.html?lang=en
https://asp.journals.umz.ac.ir/article_2457.html?lang=en
https://doi.org/10.22080/jaep.2019.14693.1794
https://joeppa.sbu.ac.ir/article_101319.html?lang=en
https://joeppa.sbu.ac.ir/article_101319.html?lang=en
https://joeppa.sbu.ac.ir/article_101319.html?lang=en
https://joeppa.sbu.ac.ir/article_101319.html?lang=en
https://doi.org/10.52547/joeppa.14.1.59
https://daneshvarmed.shahed.ac.ir/article_4161.html?lang=en
https://daneshvarmed.shahed.ac.ir/article_4161.html?lang=en
https://daneshvarmed.shahed.ac.ir/article_4161.html?lang=en
https://daneshvarmed.shahed.ac.ir/article_4161.html?lang=en
https://daneshvarmed.shahed.ac.ir/article_4161.html?lang=en
https://doi.org/10.22070/daneshmed.2023.17577.1341
https://pubmed.ncbi.nlm.nih.gov/36421381/
https://pubmed.ncbi.nlm.nih.gov/36421381/
https://pubmed.ncbi.nlm.nih.gov/36421381/
https://pubmed.ncbi.nlm.nih.gov/36421381/
https://doi.org/10.3390/biology11111667
http://jams.arakmu.ac.ir/article-1-6303-en.html
http://jams.arakmu.ac.ir/article-1-6303-en.html
http://jams.arakmu.ac.ir/article-1-6303-en.html
http://jams.arakmu.ac.ir/article-1-6303-en.html
http://dx.doi.org/10.32598/jams.23.6.3537.5
https://pubmed.ncbi.nlm.nih.gov/34987589/
https://pubmed.ncbi.nlm.nih.gov/34987589/
https://pubmed.ncbi.nlm.nih.gov/34987589/
https://doi.org/10.1016/j.jesf.2021.11.003
https://pubmed.ncbi.nlm.nih.gov/26075288/
https://pubmed.ncbi.nlm.nih.gov/26075288/
https://pubmed.ncbi.nlm.nih.gov/26075288/
https://doi.org/10.1155/2015/830567
http://goums.ac.ir/journal/article-1-4038-en.html
http://goums.ac.ir/journal/article-1-4038-en.html
http://goums.ac.ir/journal/article-1-4038-en.html
https://pubmed.ncbi.nlm.nih.gov/34691420/
https://pubmed.ncbi.nlm.nih.gov/34691420/
https://doi.org/10.1016/j.amsu.2021.102872
https://sanad.iau.ir/en/Journal/pah/Article/927167
https://sanad.iau.ir/en/Journal/pah/Article/927167
https://sanad.iau.ir/en/Journal/pah/Article/927167
https://doi.org/10.30495/pah.2023.1979849.1033
https://jsb.ut.ac.ir/article_63447.html?lang=en
https://jsb.ut.ac.ir/article_63447.html?lang=en
https://jsb.ut.ac.ir/article_63447.html?lang=en
https://doi.org/10.22059/jsb.2017.128575.963
https://www.neliti.com/publications/430643/effects-of-high-intensity-interval-training-treadmill-with-changes-in-inclinatio
https://www.neliti.com/publications/430643/effects-of-high-intensity-interval-training-treadmill-with-changes-in-inclinatio
https://www.neliti.com/publications/430643/effects-of-high-intensity-interval-training-treadmill-with-changes-in-inclinatio
https://doi.org/10.53730/ijhs.v6nS4.7646
https://pubmed.ncbi.nlm.nih.gov/21148111/
https://pubmed.ncbi.nlm.nih.gov/21148111/
https://doi.org/10.1096/fj.10-172924
https://pubmed.ncbi.nlm.nih.gov/27169839/
https://pubmed.ncbi.nlm.nih.gov/27169839/
https://doi.org/10.3945/ajcn.115.120139
https://pubmed.ncbi.nlm.nih.gov/35069596/
https://pubmed.ncbi.nlm.nih.gov/35069596/
https://doi.org/10.3389/fimmu.2021.810286
https://pubmed.ncbi.nlm.nih.gov/33428175/
https://pubmed.ncbi.nlm.nih.gov/33428175/
https://pubmed.ncbi.nlm.nih.gov/33428175/
https://doi.org/10.1007/s13105-020-00778-6
https://oamjms.eu/index.php/mjms/article/view/9266
https://oamjms.eu/index.php/mjms/article/view/9266

D by o 5 2445 195 (05 85 511 T @

School-Aged Children with Chronic Bronchial Asthma.
Macedonian ~ Journal ~ of = Medical  Sciences. 2022
May;10(B):1358-64. https://doi.org/10.3889/0amjms.2022.9266.

38. Irani M, Seifer DB, Grazi RV, Julka N, Bhatt D, Kalgi B, et al.
Vitamin D Supplementation Decreases TGF-B1 Bioavailability
in PCOS: A Randomized Placebo-Controlled Trial. J Clin
Endocrinol Metab. 2015 Nov;100(11):4307-14.
https://doi.org/10.1210/jc.2015-2580.

39. Cannell JJ, Grant WB, Holick MF. Vitamin D and
inflammation. Dermatoendocrinol. 2015 Jan;6(1):e983401.
https://doi.org/10.4161/19381980.2014.983401.

40. Zerr P, Vollath S, Palumbo-Zerr K, Tomcik M, Huang J,
Distler A, et al. Vitamin D receptor regulates TGF-f3 signalling
in systemic sclerosis. Ann Rheum Dis. 2015 Mar;74(3):e20.
https://doi.org/10.1136/annrheumdis-2013-204378.

41. Habibian M. [The Effects of Exercise on Inflammation and
Oxidative Stress in Vitamin D Deficiency Status Accompanied
by Obesity and Overweight: A Review of the Evidence]. J
Gorgan Univ Med Sci. 2024;26(4):1-12.
http://dx.doi.org/10.21859/JGorganUnivMedSci.26.4.1. [Article
in Persian]

(30 (o2 55 () ¥ o ylowi / YV 093 [ VE+ £ sl [ 5,5 (SKuijy oole olRi1s alzxo


https://oamjms.eu/index.php/mjms/article/view/9266
https://doi.org/10.3889/oamjms.2022.9266
https://pubmed.ncbi.nlm.nih.gov/26485217/
https://pubmed.ncbi.nlm.nih.gov/26485217/
https://doi.org/10.1210/jc.2015-2580
https://pubmed.ncbi.nlm.nih.gov/26413186/
https://pubmed.ncbi.nlm.nih.gov/26413186/
https://doi.org/10.4161/19381980.2014.983401
https://pubmed.ncbi.nlm.nih.gov/24448349/
https://pubmed.ncbi.nlm.nih.gov/24448349/
https://doi.org/10.1136/annrheumdis-2013-204378
http://goums.ac.ir/journal/article-1-4449-en.html
http://goums.ac.ir/journal/article-1-4449-en.html
http://goums.ac.ir/journal/article-1-4449-en.html
http://dx.doi.org/10.21859/JGorganUnivMedSci.26.4.1

