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Abstract

Aim:  Adipose tissue in diabetic and obese individuals can increase pro-inflammatory markers
and decrease anti-inflammatory markers; while exercise training reverses these processes and
improves chronic inflammation. Therefore, the aim of the present study is to review the effgst
of various exercise training protocols (combined, resistance and aerobic exercise) on ffro-
inflammatory and anti-inflammatory adipokines in type 2 diabetic, obese, and overwd&ight
patients. Methods: The present study was a systematic review and meta-analysis_/ﬁﬁicle‘
Persian and Latin were searched from the beginning of January 2012 to thn of
February 2025 in the WOS, SID, Magiran, Scopus, PubMed, ISC, and Google ﬁ:holarﬂation
databases. In this meta-analysis, the effect of exercise training on Spexin, DPB4, WASP-1, andl S¢ this QR code to see the
SFRPS5 levels in type 2 diabetic, obese, and overweight patients was ifi¥@stigiied The mean ?ccompanying. vide?, or visit

difference and 95% confidence interval (CI) were calculated using agari@om effeotShmodel andl j2hssp-azaruniv.ac.ir

heterogeneity between studies was assessed using the 12 index and p.jon bias W_

using the Egger test. Results: The results of the present study shoﬁec‘ombined exercises 1. Assistant Professor of Exercise

increased SFRP5 [SMD= 1.68 ng/mg (3.46, -0.11) 1.68] comipared. to tha'@oRtrol group. Also, Physiology, Department of
resistance training decreased DPP4 [SMD= 0.85 ng/ml (OMS] am [SMD= Exercise Sciences, Faculty of
2.44 ng/mg (2.37, -7.26) 2.44], and increased SFRP5ASNMD= 0.14 g/g (0.669%0.95) 0.14-] Humanities, University of
and Spexin [SMD= 2.77 nglmg (5.61, -0.07) 2.77] cgmpated to the confiel grolip. In addition, Maragheh, Maragheh, Iran

aerobic exercise decreased DPP4 [SMD= -2.30 ng/ml (-0%98Ms4.08) 2.30Jfind WISP-1 [SMD=
0.57 ng/mg (2.80, -3.94) 0.57], and increased SFRP5 [SMDsik ng/mglf2.53, 0.49) 1.51] and
Spexin [SMD= 1.17 ng/mg (2.28, 0.07) 1.17] compared to the Mup. Conclusions: The
present study emphasizes the importan€@Jof exercise training in mting adipokines levels . A .
and shows that ehese exercises can bMe strategy for improMic and metabolic Medical College of Wisconsin,
diseases by reducingfinflammatiofiiaild regulafifi@imetabolic responses. Milwaukee, Wisconsin, USA.
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Extended abstract

Background

Type 2 diabetes mellitus (T2D) is a major global public health issue strongly linked to obesity, sedentary lifestyles, and
metabolic dysfunctions. More than 90% of T2D cases are associated with overweight and obesity, and the worldwide
prevalence of this disease is increasing dramatically expected to surpass 730 million cases by 2050. Beyond
hyperglycemia, T2D is characterized by chronic low-grade inflammation and insulin resistance, leading to multiple
complications such as cardiovascular diseases, nephropathy, and retinopathy. Recent studies have emphasized the crucial
role of adipokines -bioactive hormones secreted from adipose tissue- in modulating inflammation, metabolism, and
insulin sensitivity. An imbalance between pro-inflammatory adipokines (such as DPP4 and WISP-1) and anti-
inflammatory adipokines (such as SFRP5 and Spexin) has been proposed as a key mechanism underlying insulin
resistance and systemic inflammation in T2D. Accordingly, exercise training has been suggested as an effective non-
pharmacological intervention to restore adipokine balance and improve metabolic health. Bhis systematic review and
meta-analysis aimed to investigate the effects of different types of exercise training -in erobic, resistance, and
combined protocols- on the serum levels of Spexin, DPP4, WISP-1, and SFRP5 in overwgight or obese adults with T2D.
The central objective was to determine whether the type and intensity of exercisg couldisi influence these

Magiran, and ISC) from January 2012 to February 2025 using combigations @fkeywords relaged to diabetes, obesity,
exercise, and adipokines. Eligible studies included randomized cont ical interventions
involving adults (>18 years) with T2D and overweight/obesity F i acute exercise, dietary

mprising 5,006 participants met
olving three sessions per week.

Statistical analysis

The Downs and Black checklist was used to ey,
g, and statistical heterogeneity was assessed
exceeded 50%. Publication bias was examined
software.

Results

The pooled meta-analysis reve t exercise training @
in individuals wi interventions -pa;
an increase indti-i i (Spexin and SFR
i ivotal studieS (Moayedi 2023, Mir 2020, and Dastah 2025) yielded an
overall standar i 1.68 (95% CI: -0.11 to 3.46; p = 0.07), indicating a clinically meaningful

random-effects model was applied when heterogeneity
test, and analyses were performed using RevMan 5.1

a significant modulatory effect on circulating adipokines
aily acrobic and combined training- were associated with

Exercise modality aj
particularly moderate-
metabolic and inflammato s by increasing Spexin and SFRP5 levels while reducing WISP-1 and DPP4. These
findings were supported by studies of Fakhourpour (2023), Gholami (2023), and Yazdanshenas (2023), which
demonstrated significant improvements in lipid metabolism, insulin resistance, and systemic inflammation after 8-12
weeks of regular aerobic exercise.

In contrast, resistance training showed more modest effects. Although reductions in DPP4 were observed (Hedges’s g =
-0.85; p = 0.33), they did not reach statistical significance. Nevertheless, resistance exercise contributed to improved
muscle insulin sensitivity and reductions in inflammatory cytokines, as indicated by studies from Akbarpour (2021) and
Daloi (2022).

The most pronounced benefits were reported for combined (aerobic-resistance) training, which elicited simultaneous
improvements across multiple adipokines. The studies by Moayedi (2023), Mir (2020), and Dastah (2025) demonstrated
significant increases in SFRPS alongside reductions in WISP-1 and DPP4 following 8-12 weeks of combined exercise.
These interventions typically included aerobic components performed at 50-70% VO:max and resistance sessions at 55—
80% of one-repetition maximum (1RM). Beyond biochemical outcomes, combined training also reduced body mass index
(BMI) and body fat percentage, suggesting synergistic effects on overall metabolic health.

Collectively, these results indicate that exercise training -especially when incorporating both aerobic and resistance
components- effectively restores adipokine balance by suppressing inflammatory mediators and enhancing anti-
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inflammatory signaling. Mechanistically, these adaptations may involve activation of AMPK and Akt pathways,
improved mitochondrial function, and enhanced glucose uptake in skeletal muscle. Despite considerable heterogeneity
among studies (I> = 90%), the overall pattern strongly supports the positive regulatory role of structured physical activity
on adipose tissue endocrine function and systemic metabolism in T2D.

Discussion

he present findings indicate that regular physical exercise exerts multi-dimensional benefits by restoring adipokine
balance, reducing chronic inflammation, and improving insulin signaling pathways. Mechanistically, these effects may
be mediated through activation of Akt and AMPK signaling, enhanced glucose uptake, and attenuation of oxidative stress.
Aerobic and combined training, in particular, appear to promote a favorable shift in adipose tissue function, converting it
from a pro-inflammatory to an anti-inflammatory endocrine organ. While heterogeneity among studies was considerable,
the general trend across all included trials supports the hypothesis that structured exercise training is a powerful modulator
of adipose tissue-derived cytokines and metabolic health in type 2 diabetes.

Article message

This systematic review and meta-analysis provide strong evidence that aerobic amd combined exercise training

significantly enhance anti-inflammatory adipokines (Spexin, SFRPS) and suppress pro-i ipokines (DPP4,
WISP-1) in individuals with type 2 diabetes. These molecular adaptations are associ lin sensitivity,
reduced systemic inflammation, and better metabolic profiles. Therefore, co igned with the
American Diabetes Association (ADA) exercise guidelines can be recommended as t effective non-

search should focus
elucidate the molecular

pharmacological approaches for managing type 2 diabetes and preventing its p
on standardized intervention designs, larger sample sizes, and mech i

vestigations
pathways linking exercise-induced adipokine modulation to improve @» i

1¢ function.
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Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 SFRP-5 (ng/iml)
Dastah 2025 3.8 008 14 374 008 18 35.0% 073 [0.01,1.47] i
i 2020 126 0.51 10 0893 0459 9 33.8% 0.87 [-0.35, 1.50] =
Moayedi 2023 087 0.086 18 0457 006 18 31.2% 3.94 [2.65, 5.22] ——
Subtotal (95% CI) 40 39 100.0% 1.68 [-0.11, 3.46] e

Heterogeneity: Tau®= 2.22; Chi®= 20,69, df= 2 (P = 0.0001); F= 90%

Testfor overall effect: Z=1.84 (F=0.07)

Testfor subgroup differences: Naot applicakle

Copyright ©The authors

4 2 0 2 4
Favours experimental Favours control

o5 5 Ol ped 095 4 bgyyo ol i) JSb

Publisher: Azarbaijan Shahid Madani University



jAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2025.30567.1743

WO vt (83l 5 GRoslie (oS ) (5359 Slyed U
gl cabis pai ag 8 Ja g8 Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 DPP-4 (ng/ml)
Akbarpour 2021 30212 4254 10 #1785 7811 10 45.4% -1.76 [2.82,-0.69] R
Daloii 2022 3476 37.09 10 3476 37.09 10 51.6% 0.00[0.88, 0.88] J
Subtotal (95% CI) 20 20 100.0% -0.85 [-2.57, 0.87]

Heterogeneity: Tau®=1.30; Chi®= 6.23, df= 1 (P =0.01); "= 84%
Testfor overall effect: Z=0897 (P=0.33)

1.1.2 WISP1 {ngimg)

Kermani 2022 161 028 11 163 03 11 §16% -0.07 [-0.80, 0.77]

Tayehi 2023 2409 36 10 8567 576 10 484%  -4.08 [692,-306] —-—
Subtotal (95% Cl) 21 21 100.0%  -2.44[-7.26,2.37]

Heterogeneity: Taw®=11.52; Chi*= 20.94, df= 1 {F = 0.00001); F= 95%
Testfor overall effect: Z=098 (P=0.32)

1.1.3 SPRF5 (ng/mg)

Shamizadeh 2023 363 2098 12 406 1.86 12 100.0% -0.14 [-0.85, 0.66] !
Subtotal (95% CI) 12 12 100.0% -0.14 [-0.95, 0.66] 4

Heterogeneity: Mot applicahle
Testfor overall effect: Z=035(P=0.73)

1.1.4 Spexin (ng/mg)

kKarimi 2023 44243 92 12 3734 57 12 275% 8.71[5.90,11.57] —
Shamizadeh 2023 5753 B9.1 10 571 G511 10 36.3% 0.06 [-0.82, 0.94]
Toghdari 2024 16772 2511 11 13718 1332 11 36.2% 0.92[0.08, 1.88]

Heterogeneity: Tau®= 5.58; Chi®= 3319, df= 2 (P = 0.00001); F= 94%
Testfor overall effect: Z=1.91 (P = 0.08)

-
-
Subtotal (95% CI) 33 33 100.0% 2.77 [-0.07, 5.61] -

A0 & 0 510
; ; Favours experimental Favours control
Testfor subaroup differences: Chif= 557, df=3(F=013), F= 46.2%
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\'F O SI-SU5)S STIEE 45509 8595 20 oS (g3l Slillas ¢lyScam g olisls

Sl by a8 st ag 8 Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight N, Random, 95% CI N, R 95% CI

1.1.1 DPP-4 (ng/ml)

Babaei 2024 3817 35.42 20 578.58 917 20 16.0% -9.87 [12.23,-7.51] +—=—

Eahadori 2019 3352 2418 10 393.5 25.02 10 21.0% -0.71 [F1.62,10.20] -

Irvani 2020 519.33 12425 9 A667.33 12446 el 21.0% -0.37 [1.30,0.57] =

Rahimi 2017 28275 2.04 12 299092 11.67 12 21.0% -1.50 [2.42,-0.58] =

Tahihi 2019 367 30.7 10 391.5 22.8 10 21.0% -0.87 [-1.79, 0.06] —=

Subtotal (95% CI) 61 61 100.0% -2.30 [-4.08, -0.53] e

Heterogeneity: Tau®= 3.69; Chi*= 56.86, df= 4 (P = 0.00001}; 7= 93%
Testfor overall effect: 2= 2.54 {F = 0.01)

1.1.2 WISP1 (ng/mg)

Babaai 2024 47311 B3I0Z 0 34723 18.34 0 336% 266 [1.79, 3.53] -
Gholami 2023 40327 2416 12 46441 3088 12 33.3% -213[3.17,-1.09] —-—
Khargani 2023 4721 44.6 11 587.3 52.8 11 334% -2.27 [-3.38,-1.15] —-—
Subtotal (95% CI) 43 43 100.0% -0.57 [-3.94, 2.80] —~ll—

Heterogeneity: Tau®= 8.61; Chi®= 67 .65, df= 2 {P = 0.00001); F= 97%
Testfor overall effect: =033 {F=0.74)

1.1.3 SPRF5 (ng/mg)

Ghorbanian 2023 7.1 1.88 10 4.85 0.75 10 100.0% 1.51 [0.48, 2.53] !
Subtotal {95% CI) 10 10 100.0% 1.51[0.49, 2.53]

Heterogeneity: Mot applicable
Test for overall effect: 2= 2.89 (P = 0.004)

1.1.4 Spexin {(ng/mg)

Ahsan 2023 194.4 16.6 10 176.3 31.2 10 17.4% 0.69 [[0.22,1.60]

Fakhrpour 2023 592.28 8.34 15 59292 0.95 15 18.2% -010[-0.82, 0.61] -
Mohammadi 2021 14996  B3.37 10 146,14 40.7 10 17.5% 0.07 [-0.81, 0.94] -

Salehi 2024 330 F0.2 12 1480 501 12 16.0% 2.85 [1.66, 4.04] —=
Shamizadeh 2023 a749.8 1.2 10 a71 B&.1 10 17.5% 013 [-0.74,1.01] T
YWazdanshenas 2023 59529 0.99 11 590,92 0.95 10 13.5% 4.32 [2.64, 6.00] —_
Subtotal (95% CI) 68 67  100.0% 1.17 [0.07, 2.28] |

Heterogeneity: Tau™= 1.61; Chi®= 3868, df= 5 {F = 0.00001); F= 87%
Testfor overall effect: Z= 209 (F = 0.04)

-1 -5 [ [ 10
Favours experimental Favours control
Testfar subgroup differences: Chi*= 14 60, df= 32 (P = 0002}, F=79.5%

5 U«A‘S Sl 045 021> UL..\JJ‘P .A.wb K9 po u‘ﬁ).)9 p
b bl s dgus dn yomie 9 i 50 idlS L olyess
DPP4 |)~o BEl u,w’blf ‘Lm‘)u.tb9).a u.>)a BEl (\ci)

Do 35554 ) wie skad Jole o lsis @ (o0 Sladd]
dg oo 4B lid 93 £95 ol g (Sl dlox e SIgplio pysias b Lo o
WISP-1 g DPP4 alox | ol i (slapnlSgudl iuli8l b oS
SPRF5 5 Spexin oldlis (clopSans] jials cpuen 4
2 sln See 5By (Bipg Sluyed (blie ) 9d e paie
b (Sdglie lags)lon gloys 5 (aje Sl
addllas Y& glaooly Juloo g ajod p (e a5 il dalllas gubs
Tohw Rl el (o) Sliyed 35 plo g Jeol (odagh
aslsl glyls 4 dl> 9> g9 Cubd & M ylslews > DPP4 o0
e bl Gl B gule o Sl sty 0 DS 09
i Y 53 ol (1) 8Ll gyl >bs' 5 Bl 92 £ Culd al laglon 3 &S
Tobaw Ny o (s ()39 Mo N Loy (ials L (siln Ol yes SilSew DPPA (ISl cMas 5 S o i iyl s
423 UK 92 £ > 4 o gl 3152 DPPA (oo o 4 prio oy (5 95 o 5o AKE gl 31 il
Shats o 4 (V1Y) e 5 o ccal 2 el () @ o8y Olaped Sedie Splie pyriw Jlad ill g S

9 ol b Siagh b

3k 05 jler Sl yed atin —W o DPP4 oy ol Sl ls JLuS )3 30,80 )3 1) Lewdly DPP4 ()l ine ysbo
b ilgn liyed o 2Bl )> Lol aidhy 9 £g ol 4 Mise s dpesl 4 Caslis 3500 L DPPA 5 ialS oyl ino e
Mogiae Sial cage Mg (S 0395 ald g (g el 13 DPP4 ol Sas o ysb & ol Lapn s cppmalinsS]
9 s i 2 izen (1) 205 DEPA oy ol 5 el (FY) 33 b B 5 S5 pedse wlis

Slye 31, DPPA Lol oo o e ialS (V415) S 56 gl a0 Caglie 08 o5l 2 g9 5 L DPPA s
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