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Background: Type 2 diabetes mellitus (T2DM) is related to increased inflammatory processes. The effects of resistance exercise 
on inflammatory biomarkers in T2DM are controversial. Our purpose was to determine the effectiveness of resistance exercise on 
inflammatory biomarkers in patients diagnosed with T2DM.
Methods: We searched four databases until September 2021. We included randomized clinical trials (RCTs) of the effects of resis-
tance exercise on inflammatory biomarkers (C-reactive protein [CRP], tumor necrosis factor alpha, interleukin-6, and interleu-
kin-10) in patients with T2DM. A random effects meta-analysis was conducted to determine the standardized mean difference 
(SMD) and the raw mean difference (MD) for CRP. 
Results: Thirteen RCTs were included in the review, and 11 in the meta-analysis for CRP. Lower CRP levels were observed when 
resistance exercise was compared with the control groups (SMD=–0.20; 95% confidence interval [CI], –0.37 to –0.02). When 
conducting the MD meta-analysis, resistance exercise showed a significant decrease in CRP of –0.59 mg/dL (95% CI, –0.88 to 
–0.30); otherwise, in the control groups, the CRP values increased 0.19 mg/dL (95% CI, 0.17 to 0.21). 
Conclusion: Evidence supports resistance exercise as an effective strategy to manage systemic inflammation by decreasing CRP 
levels in patients with T2DM. The evidence is still inconclusive for other inflammatory biomarkers.
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INTRODUCTION

In recent years, type 2 diabetes mellitus (T2DM) has been in-
creasing exponentially [1], ranking among the 10 leading 
causes of death in adults, having a worldwide prevalence of 
over 9% and affecting approximately 463 million people [1]. 
Consequently, developing preventive measures to delay the 
onset and early treatment strategies to slow the progression of 
T2DM is a major concern among clinical health professionals 

and public health researchers [2].
T2DM is caused by chronic inadequate insulin production 

by pancreatic β-cells, leading to hyperglycemia [3]. This causes 
an immune response that results in a chronic low-grade in-
flammatory status [3], which includes increased levels of in-
flammatory biomarkers such as C-reactive protein (CRP), tu-
mor necrosis factor alpha (TNF-α), or interleukin-6 (IL-6) [4]. 
Low-grade chronic inflammation has great implications for 
the onset and progression of T2DM [5]. For instance, these 
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biomarkers affect insulin production by progressive damage to 
pancreatic β-cells and inflammation [3], along with other fac-
tors (e.g., aging, physical inactivity, obesity, etc.) can be in-
volved in the development of insulin resistance [3] and, there-
fore, promote the inefficient use of insulin by the body’s cells. 
Thus, both mechanisms contribute to chronic hyperglycemia 
[3]. Additionally, it is well established that patients with T2DM 
generally have higher adiposity levels [6], particularly visceral 
adiposity, which is also associated with chronic inflammation 
and insulin resistance [7].

In this context, exercise could be a nonpharmacological in-
tervention that may delay the progression of the disease and 
improve the management and quality of life of people with 
T2DM [2]. Accordingly, it has been suggested that exercise 
could delay the progression of insulin resistance [8] because of 
its effect on reducing circulating levels of inflammatory bio-
markers such as CRP, TNF-α, and IL-6 [9,10]. In this sense, re-
sistance exercise has gained importance for patients with 
T2DM [11] due to its multisystemic and specific musculoskel-
etal benefits [12]. Additionally, resistance exercise may be a 
useful exercise strategy in patients with a diagnosis of T2DM 
due to their exposure to accelerated muscle loss [13], which 
would be related to an increased risk of mortality and other 
comorbidities [14].

There is increasing evidence of resistance exercise in differ-
ent populations, and recently, international guidelines, includ-
ing the American Diabetes Association Standards of Medical 
Care in Diabetes (2022) recommend resistance exercise of any 
intensity to improve glycemic control as well as strength, bal-
ance, and activities of daily living in patients with T2DM [15]. 
Despite this, although some studies have shown benefits on 
several health parameters, including inflammatory biomarkers 
[11,16], other studies have questioned its effectiveness [9]. 
Therefore, our purpose was to synthesize the current evidence 
and determine the effectiveness of resistance exercise on in-
flammatory biomarkers in patients with T2DM.

METHODS

Ethical statement
This systematic review and meta-analysis were conducted by 
collecting data from primary studies in which informed con-
sent had been obtained by the respective original authors; thus, 
our review was exempt from ethics approval.

Search strategy and study selection
The present systematic review and meta-analysis were conduct-
ed according to the recommendations of the Cochrane Hand-
book for Systematic Reviews of Interventions [17] and the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) (Appendix 1) [18]. We registered this review in 
the PROSPERO database (registration number: CRD42021261-
762).

A systematic search was conducted in the MEDLINE (via 
PubMed), Scopus, Cochrane CENTRAL, and Web of Science 
databases from inception until September 2021 to identify 
randomized controlled trials (RCTs) aimed at determining the 
effectiveness of resistance exercise on inflammatory biomark-
ers in adults diagnosed with T2DM. The search strategy com-
bined the following medical subject headings with free terms 
and matching synonyms: ‘type 2 diabetes,’ ‘noninsulin-depen-
dent diabetes mellitus,’ ‘resistance training,’ ‘resistance exercise,’ 
‘strength training,’ ‘strength exercise,’ ‘strengthening,’ ‘inflam-
mation,’ ‘inflammatory markers,’ ‘inflammatory cytokines,’ ‘in-
flammatory biomarkers,’ ‘c reactive protein,’ ‘tumor necrosis 
factor alpha,’ and ‘interleukin 6.’ The complete search strategy 
for each database is available in the Supplementary Table 1.

Eligibility criteria
The titles and abstracts of the retrieved articles were examined 
by two independent reviewers (R.F.R., S.M.C.) to identify suit-
able studies. Articles related to this systematic review were se-
lected for full text screening and evaluated according to the eli-
gibility criteria. The inclusion criteria were as follows: (1) type 
of participants: adults (≥18 years) with a medical diagnosis of 
T2DM; (2) type of intervention: at least one arm trial had to be 
related to resistance exercise; (3) control condition with non-
exercise intervention (i.e., usual care, advice); (4) outcome: in-
flammatory biomarkers such as CRP, TNF-α, IL-6, or IL-10; 
(5) type of studies: RCTs. Moreover, the studies were excluded 
when (1) some participants were non-clinically diagnosed 
with T2DM and (2) resistance exercise was not the only type of 
exercise performed (i.e., multimodality, concurrent training). 
A third reviewer (A.E.M.) was consulted to resolve disagree-
ments between reviewers. No language restrictions were ap-
plied. Excluded studies with the reason for exclusion are avail-
able in Supplementary Table 2.

Data extraction and risk of bias assessment
Two independent reviewers (R.F.R., S.M.C.) extracted the fol-
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lowing information from the included studies: first author’s 
name and year of publication; country; study design; character-
istics of the study population (mean age, women’s percentage, 
baseline body mass index [BMI], comorbidities), total sample 
size and sample size by group, intervention characteristics (ex-
ercise protocol), medication, comparison characteristics, out-
come measures and main results. A third reviewer (A.E.M.) 
was consulted to resolve disagreements between reviewers.

Two reviewers (R.F.R., S.M.C.) independently assessed the 
risk of bias of the included studies using the Cochrane risk-of-
bias tool for randomized trials [19]. The following six domains 
were assessed: randomization process, deviations from intend-
ed interventions, missing outcome data, measurement of the 
outcome, and selection of the reported result. As it would be 
impossible to truly blind patients to treatment allocation in ex-
ercise trials, this specific item of the risk of bias was not includ-
ed to generate the overall risk of bias assessment. In this sense, 
each domain was assessed as ‘low risk of bias,’ ‘some concerns,’ 
or ‘high risk of bias,’ and the overall risk of bias for each study 
was classified as (1) ‘low risk of bias’ when a low risk of bias 
was determined for all domains; (2) ‘some concerns’ when at 
least one domain was assessed as raising some concerns, but 
no single domain was assessed as high risk of bias; or (3) ‘high 
risk of bias’ when high risk of bias was reached for at least one 
domain or some concerns in multiple domains. 

Disagreements between initial reviewers were solved by a 
third coauthor (A.E.M.).

Quality of evidence
The “Grades of Recommendations, Assessment, Development, 
and Evaluation” (GRADE) tool was used to evaluate and sum-
marize the quality of the evidence [20]. Based on the design of 
the studies, the inflammatory biomarker outcome measure 
was rated as high-, moderate-, low-or very low-quality evi-
dence considering the following domains: (1) risk of bias (–1 
when <75% of the analyzed studies were at low risk of bias); 
(2) inconsistency (–1 when I2 >50%); (3) indirect evidence 
(from population, intervention, control or outcomes); (4) im-
precision displayed in wide confidence intervals (CIs); and (5) 
publication bias, which downgraded the quality of evidence 
risk of bias. The GRADE tool was used for those outcomes 
with enough data for the meta-analysis.

Data analysis
When at least five studies reported valid data for the outcome, 

we extracted the primary data from each study, including pre-
post mean inflammatory biomarker values, standard devia-
tions and sample sizes of intervention and control groups 
(CG). Therefore, meta-analyses were conducted for CRP (11 
studies), TNF-α (six studies), and IL-6 (five studies) but not for 
IL-10 (two studies) as the statistical analysis would not be able 
to translate the potential effect of resistance exercise. The stan-
dardized mean difference (SMD) with its 95% CI was calculat-
ed for each study using the DerSimonian and Laird random-
effects method [21]. Then, the pooled SMDs were estimated 
for the effect of resistance exercise versus the CG. Further-
more, to show the clinical change in outcome units of mea-
surement (mg/dL), we computed the pooled raw mean differ-
ence (MD) after transforming all outcome data into the same 
unit. Additionally, the heterogeneity was evaluated with the I2 
statistic as follows: I2 values of 0%–40% were considered to be 
‘not important’ heterogeneity, 30%–60% indicated ‘moderate’ 
heterogeneity, 50%–90% indicated ‘substantial’ heterogeneity, 
and 75%–100% indicated ‘considerable’ heterogeneity, taking 
into account the corresponding P values and 95% CIs [22]. 

We conducted a sensitivity analysis to determine the robust-
ness of the summary estimates by removing each included 
study from the analysis one by one. Furthermore, subgroup 
analyses based on reported comorbidities, as well as meta-re-
gression models considering mean age, sample size, length of 
the intervention, T2DM duration (years), total body fat per-
centage, glycosylated hemoglobin (HbA1c, %), blood glucose 
levels (mg/dL), and percentage of women, to determine their 
influence on the SMD estimates and on the raw MD for CRP 
levels were conducted. Moreover, we explore whether the MD 
on CRP levels (mg/dL) between resistance exercise and CG 
could be influenced by baseline HbA1c levels (%) considering 
as a cut point the median value of HbA1c among the studies 
(7.5%). Finally, we evaluated publication bias through visual 
inspection of funnel plots and Egger’s regression asymmetry 
test to assess small study effects [23]. We performed all statisti-
cal analyses using Stata SE version15 (StataCorp., College Sta-
tion, TX, USA).

RESULTS 

Study selection
After duplicated articles were removed and analyzed by title 
and abstract, a total of 57 full-text articles were assessed for eli-
gibility, of which 13 [24-36] were included in the systematic re-
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view, and 11 RCTs [25-34,36] were included for the meta-anal-
ysis on CRP levels (Fig. 1). The excluded studies with reasons 
for exclusion after full-text reading are available in Supplemen-
tary Table 2.

Characteristics of studies
The 13 RCTs included with a parallel design were conducted 
between 2006 and 2021. The studies were conducted in differ-
ent countries such as Australia, Brazil, Grecia, Iran, Spain, Sri 
Lanka, Taiwan, and the USA. Further details are available in 
Table 1.

Participants 
A total of 568 adults with T2DM (mean age between 48 and 72 
years) were included. Among the participants, 261 adults were 

in the resistance exercise groups, and 256 were in the control 
conditions. Most studies had similar rates of men and women, 
except for one study in which only males were included [36]. 
The baseline BMI values of the participants ranged from 25 to 
35 kg/m2 (Table 1). Moreover, six studies reported comorbidi-
ties across the included population, such as overweight and 
obesity [27,29,30,32,34,35]. The most reported medications 
prescribed were hypoglycemic, antihypertensive, and lipid-
lowering drugs. Further details of the covariates are available 
in Supplementary Table 3.

Interventions
Although the resistance exercise protocols were different 
across the intervention groups, the training length was set be-
tween 60 and 75 minutes, with a frequency of two to three ses-

Fig. 1. Flow diagram of the studies through the review.

Records identified through 
database searching 

PubMed (n=440) 
CENTRAL (n=79) 
Scopus (n=181) 
Web of Science (n=73)

Additional records identified 
through other sources

(n=0)

Records after duplicates removed
(n=764)

Records screened
(n=764)

Full-text articles assessed
for eligibility

(n=57)

Full-text articles excluded, with  
reasons (n=44) 

- Non-outcome assessment (n=3) 
- Non-intervention (n=18) 
- No population of interest (n= 10) 
- Non-eligible publications (n=13)Studies included in 

qualitative synthesis
(n=13)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n=11)

Records excluded after 
title-abstract review

(n=707)

Id
en

tifi
ca

tio
n

Sc
re

en
in

g
El

ig
ib

ili
ty

In
clu

de
d



Fernández-Rodríguez R, et al.

122 Diabetes Metab J 2023;47:118-134  https://e-dmj.org

Table 1. Characteristics of the studies included in the systematic review

Study Sample size 
(% women)

Age, 
mean±SD, yr Characteristics of the intervention Comparison Outcome Main results

Gordon  
et al. 
(2006) 
[24]

n=30 (50%)
RE=15
CG=15

RE=67±2
CG=67±2

RE protocol
→3×wk; 16 wk
  →�Session: warm-up (5 min gentle 

walk+stretching); training (upper and lower 
body-machines)+T2DM related care

  →�Intensity: 60%–65% of 1 RM and progress 
75%–80% of 1 RM at the end of the first 4 
wk (wk 8 and 16 re-evaluation of 1 RM)

  →�3 sets of 8 reps, 3 sec rest between reps and 
1–2 min between sets

CG
  →�Telephone monitoring and  

face-to-face visits

TNF-α No significant  
increase of TNF-α 
in the RE group, 
and no significant 
change in the CG.

Brooks  
et al. 
(2006) 
[25]

n=62 
(35.5%)

RE=31
CG=31

RE=66±2
CG=66±1

RE protocol
  →� 3×wk; 16 wk
  →��Supervised session: warm-up (5 min)–work-

out (35 min-upper and lower body-ma-
chines)–cool down (5 min)+standard care

  →�Intensity: 60%–80% of 1 RM (1–8 wk) and 
70%–80% of 1 RM (10–14 wk)

  →�3 sets of 8 reps/machine

RE
  →�16 wk
  →�Standard care (health, glycemic 

control, self-monitoring, physical 
activity, medications and medical 
visits)

CRP CRP decreased in  
favor of RE but not 
significantly.

Jorge et al. 
(2011) 
[29]

n=24 
(62.5%)

RE=12
CG=12

(53.9±9.9)
RE=54±8.9
CG=53±9.8
AE=52±8.7
ST+AE= 

58±9.8

RE protocol
  →�3×wk; 12 wk 
  →�Supervised session: training (60 min circuit 

7 full body exercises: large muscle groups)

CG
  →�3×wk; 12 wk
  →�Stretching
AE
  →�60 min, 3×wk, 12 wk
  →�Supervised session: cycling
  →�Intensity: heart rate according to 

lactate threshold
RE+AE
  →�3×wk, 12 wk
  →�Same intensity and volume

TNF-α
CRP
IL-6

hs-CRP decreased 
significantly in all 
groups. TNF-α and 
IL-6 increased in 
the ST group but 
not significantly.

Kadoglou 
et al. 
(2012) 
[30]

n=47 
(25.53%)

RE=23
CG=24

RE=62±5.4
CG=65±4.3

RE protocol
  →�45 min (basal) and 60 min (progression), 

3×wk; 12 wk
  →�Supervised session: calisthenics (jumping, 

skipping, gymnastics, ball games); training 
(upper and lower body: machines)–calis-
thenics (idem)

  →�Intensity: 60%–80% of 1 RM, 2–3 sets of 6–8 
repetitions/exercise

  →�8 exercises with 1 min rest between exercises 
and 3 min between sets

CG
  →�150 min/wk: advice+daily  

physical activity (walking,  
cycling, swimming) varying from 
low to high intensity

CRP hs-CRP decreased in 
favor of RE group 
when compared to 
CG but not  
significantly.

Swift et al. 
(2012) 
[31]

n=87 (61%)
RE=50
CG=37

(57.3±8.1)
RE=59±8
CG=59±8.6
AE=56±7.9
RE+AE= 

57±7.8

RE protocol
  →�3×wk, 36 wk
  →�Supervised session: workout (whole body)
  →�Intensity: 2 sets of 4 exercises (upper body), 

3 sets of 3 exercises (lower body) and 2 sets 
of abs and back

  →�Each exercise 10–12 repetitions 
  →�Weight progressively increased when the 

participant completed 12 repetitions of all 
exercises in 2 consecutive sessions

CG
  →�36 wk. No exercise prescription. 

Weekly stretching and relaxation 
classes

AE
  →�12 kcal/kg/wk
  →�Supervised session: alternating 

walking on treadmill and cycling 
  →�Intensity: 50%–80% maximal  

oxygen uptake
RE+AE
  →�AE (supervised):
-10 kcal/kg/wk
- �Intensity: 50%–80% maximal  

oxygen uptake
  →� RE (supervised):
-2×wk
-9 exercises×1 set, incremental load

CRP All intervention 
groups showed  
lower levels of CRP 
when compared to 
CG but not  
significantly.

(Continued to the next page)
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Study Sample size 
(% women)

Age, 
mean±SD, yr Characteristics of the intervention Comparison Outcome Main results

Kadoglou 
et al. 
(2013) 
[32]

n=47 
(27.78%)

RE=23
CG=24

RE=56±5.3
CG=58±7.2
AE=58±5.4
RE+AE= 

58±6.5

RE protocol
  →�Gradual increase of duration first 4 wk, then, 

60 min 4×wk, 24 wk
  →�Supervised session: calisthenics (10 min)–

training (8 upper and lower body exercises)
  →�Intensity: 60%–80% of 1 RM
  →�2–3 sets of 8–10 reps/exercise and 8 exercises

CG
  →�Physical activity (150 min/wk): 

low to moderate intensity  
walking 

AE
  →�Gradual duration over 4 wk; then 

60 min, 4×wk, 6 mo
  →�Supervised session: warm-up  

(10 min)–workout (45 min-walk- 
or run-on treadmill, bike or  
calisthenics)–cool down (5 min)

  →�Intensity: gradual over 4 wk, then 
60%–75% of HRmax

RE+AE
  →�4×wk (1 of AE+1 of ST+2 of 

AE+ST), 6 mo
  →�Session: warm up (10 min) 

–ST+AE training (45 min)–cool 
down (5 min)

  →�Intensity: gradually increased 
during first 4 wk

CRP hs-CRP decreased in 
favor of AE, RE+AE 
when compared to 
RE and CG groups.

Mavros  
et al. 
(2014) 
[33]

n=69 
(47.7%)

RE=30
CG=39

(68.2±5.7)
RE=67±4.9
CG=69±6.3

RE protocol
  →�3×wk, 48 wk
  →�Supervised session: training: concentric  

contraction (+fast as possible) and eccentric 
contraction 4 sec–whole body

  →�Intensity: 80% of 1 RM (re-evaluation every 
4 wk), 3 sets of 8 repetitions (2 sets of 8 for 
hip flexion, extension, and abduction)

CG
  →�3×wk, 48 wk
  →�Non-progressive and low- 

intensity exercise, under 
supervision+regular care

CRP CRP showed a not 
significant diminish 
in the RE group 
compared to CG.

Hsieh et al. 
(2018) 
[34]

n=30 
(63.3%)

RE=15
CG=15

RE=71±4.2
CG=72±4.5

RE protocol
  →�3×wk, 12 wk
  →� Supervised session: training–8 full body  

exercises (machines and body weight)
  →�3 sets of 8–12 repetitions. Rest 60–90 sec  

between sets
  →�Intensity: 40%–50% of 1 RM or 12–13 on 

the Borg scale
  →�Progression 75% of 1 RM or 14–16 on the 

Borg scale at wk 12

CG
  →�3×wk, 12 wk
  →�Standard care and maintaining 

their daily activities and lifestyle 

CRP CRP levels decreased 
in RE group and  
increased in the CG 
but not significantly.

Miller et al. 
(2017) 
[35]

1) n=29 
(44.8%)

RE=16
CG=13
2) n=26 

(44.8%)
RE=14
CG=12

RE+CD= 
68±5.2

CG+CD= 
67±5.3

RE+control diet (CD), (ST+CD)

First phase (6 mo): 45 min, 3×wk, 24 wk
  →�Session: training (9 exercises–weights and 

machines)+healthy eating plan (evaluation 
every 2 wk)

  →�Intensity: 75%–85% of 1 RM, 3 sets of 8–10 
repetitions

  →�Second phase (6 mo): 45 min, 3×wk, 24 wk
  →�Session: training (home exercises with 

dumbbells)
  →�Intensity: 60% of 1 RM
  →�3 sets of 8–10 repetitions

CG+CD
  →�1st phase (6 mo): static pedalling 

without load+5 min of static 
stretching+healthy eating plan 
(evaluation every 2 wk)

  →�2nd phase (6 mo): static  
pedalling without load+5 min of 
static stretching

TNF-α
IL-10
IL-6

No significant changes 
(TNF-α, IL-6, 
IL‑10) after 3, 6, 9, 
or 12 mo, except for 
TNF-α that showed 
a significant decre-
ment at 9 and 12 mo 
for ST+CD when 
compared to 
CG+CD, and IL-10, 
which diminish  
significantly after 9 
mo in the RE+CD 
group compared to 
CG+CD.

Table 1. Continued

(Continued to the next page)
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Study Sample size 
(% women)

Age, 
mean±SD, yr Characteristics of the intervention Comparison Outcome Main results

Dadrass  
et al. 
(2019) 
[36]

n=24 (0%)
RE=12
CG=12

RE protocol
RE=55±5.9
CG=53±8
RE+VitD= 

54±8
VitD= 

54±6.6

RE protocol
  →� 70 min, 3×wk, 12 wk
  →�Session: warm-up (10 min–walking and 

stretching); training (50 min–whole body-
body weight and machines)–cool-down (10 
min–stretching)

  →�Intensity: 55% of 1 RM (1st mo); 65% of 1 
RM (2nd mo) and 75% of 1 RM (3rd mo). 
Recalculated (4 and 8 wk)

  →�10 exercises, 3 sets of 10 reps/exercise with 
90 sec rest between sets and 30 sec between 
exercises

  →�Oral capsules (placebo) every 2 wk for 12 wk

CG
  →�Normal daily life+oral capsules 

(placebo) every 2 wk for 12 wk
RE+VitD
  →�RE+VitD every 2 wk for 12 wk
VitD
  →�VitD every 2 wk for 12 wk

IL-6
TNF-α
CRP

IL-6 decreased  
significantly in all 
groups. TNF-α  
decreased  
significantly in 
ST+VitD and there 
were no changes in 
CG and GVitD. 
CRP decreased not 
significantly in all 
groups. 

Rech et al. 
(2019) 
[26]

n=38 
(47.4%)

RE=17
CG=21

RE=71±7.4
CG=68±6.5

  →� 3×wk, 12 ek
  →�Session: warm-up (on treadmill); training 

(functional exercises [i.e., step, squats]; and 
traditional (i.e., whole body using body 
weight and machines])–stretching exercises

  →�Intensity: f.e., intensity controlled through 
an scale (progress from 2 to 3 sets/exercise 
with 10–15 repetitions and 1 min rest); t.e., 
(progress from 2 to 3 sets/exercise and 12 to 
10 repetitions, 1 min rest and 1.3 min  
progress)

CG
  →�45 min/session: joint 

mobilization+static stretching of 
large muscle groups (20–30 sec)

TNF-α
IL-10
CRP
IL-6

TNF-α and ratio 
TNF-α/IL-10  
decreased signifi-
cantly in both 
groups. IL-6 and 
IL‑10 increased, and 
CRP decreased, but 
there were no  
significant  
interactions  
reported.

Ranasinghe 
et al. 
(2021) 
[27]

n=53 (53%)
RE=25
CG=28

(50.1±8.7)
RE=49±9
CG=49±7
AE=52±9.8

RE protocol
  →� 60–75 min, 2×wk, 12 wk
  →� Supervised session: warm-up (10 min–

treadmill walking); workout (whole body–
body weight, free weights, and machines)–
cool down (10 min–dynamic and static 
stretching)

  →�Intensity: 50%–60% of 1 RM. Increase 
weight by 5% every 2 wk

  →�3 sets of 8–10 repetitions

CG
  →�Usual clinic visits and contact 

once every 2 wk for 12 wk
AE
  →�75 min, 2×wk, 12 wk
  →�Supervised session: warm up (10 

min–treadmill walking)–work-
out (circuit-walking, step,  
exercise bike)–cool down  
(10 min–static stretching)

  →�Intensity: 60%–75% HRmax

CRP RE and AE decreased 
not significantly 
CRP levels when 
compared to CG. 

Sabouri  
et al. 
(2021) 
[28]

n=28 
(45.8%)

RE=15
CG=13

(50.1±8.7)
RE=51±4.5
CG=52±3.2

RE protocol
  →� 3×wk, 12 wk
  →� Supervised session: 3 sets of 8 reps max RM 

(upper and lower body)+3 sets of 15 reps 
(abdomen), 1 min rest between sets

  →�Intensity: maximum weight for 8 repetitions

CG
  →�No intervention, 12 wk
HIIT
  →�3×wk, 12 wk
  →�Supervised session: at  

cycloergometer with protocol: 
10×60 sec at 85%–90% of 
HRmax, 1 min of active recovery 

HIIT+ST
  →�3×wk, 12 wk
  →�Supervised session: first ST, then 

HIIT

TNF-α
CRP
IL-6

TNF-α, IL-6, and CRP 
showed a  
significant decrease 
in RE groups. CG 
showed a  
nonsignificant  
decrease in TNF-α 
and IL‑6 and  
nonsignificant  
increase of CRP. 

SD, standard deviation; RE, resistance exercise; CG, control group; T2DM, type 2 diabetes mellitus; RM, repetition maximum; TNF-α, tumor 
necrosis factor alpha; CRP, C-reactive protein; AE, aerobic exercise; IL-6, interleukin-6; hs-CRP, high-sensitivity C-reactive protein; HRmax, 
heart rate max; CD, control diet; IL-10, interleukin-10; VitD, vitamin D; HIIT, high intensity interval training.

Table 1. Continued
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sions per week for 12 to 16 weeks. Eight studies performed re-
sistance exercise with global protocols (i.e., upper limbs, core, 
and lower limbs) [26-29,31,33,34,36], four studies only includ-
ed lower or upper limbs [24,25,30,32], and one study did not 
report the protocol [35]. Resistance exercise was performed 
using calisthenic exercises [26-28,34,36], dumbbells [24-27,29-
33,35,36], and machines [24-28,30,34-36]. However, it was not 
reported to the rest of the groups [29,31-33].

Among the CG there were five studies in which participants 
received usual care and advice through medical visits or by 
telephone [24,25,27,28,33,34]; four studies in which partici-
pants received recommendations about physical activity [30, 
32,33,35] and three studies that included a general stretching 
protocol [26,29,31].

Outcome
The CRP values were evaluated in 11 [25-34,36] out 13 includ-
ed studies. Six studies measured TNF-α values [24,26,28,29,35, 
36], five studies measured IL-6 [26,28,29,35,36], and two stud-
ies reported IL-10 values [26,35]. Overall, inflammatory bio-
markers were analyzed according to the clinical standards of 
the laboratory or the manufacturer’s guidelines with enzyme-
linked immunosorbent assay (ELISA).

Risk of bias
When the RoB2 tool was used to assess the risk of bias, nine 
out of 11 studies scored at ‘low risk of bias’ [24-27,29,31,33,35, 
36], and four scored at ‘some concerns’ [28,30,32,34]. The risk 
of bias assessment is displayed in Supplementary Fig. 1.

Quality of evidence
The quality of evidence was rated as high for CRP outcomes, 
since the certainty assessment showed low concerns regarding 
the risk of bias, inconsistency, and imprecision. A table with a 
summary of the findings is available in Supplementary Table 4.

Data synthesis
Meta-analysis
The SMDs for the effect on CRP of resistance exercise versus 
control was –0.20 (95% CI, –0.37 to –0.02; I2=0%) (Fig. 2). 
Considering the mean raw difference in CRP levels, after resis-
tance exercise, there was a significant reduction of -0.59 mg/dL 
(95% CI, –0.88 to –0.30; I2=55%); otherwise, the CRP values 
showed an increase in the CG of 0.19 mg/dL (95% CI, 0.17 to 
0.21; I2=0%) (Fig. 3).

The SMDs for the effect on TNF-α of resistance exercise ver-
sus CG showed a slight nonsignificant effect of –0.28 (95% CI, 

Fig. 2. Standardized mean difference meta-analysis for resistance exercise compared to control groups on C-reactive protein lev-
els. n, sample size; T2DM (yr), years since the first diagnosis of type 2 diabetes mellitus; HbA1c, glycosylated hemoglobin; ES, ef-
fect size; CI, confidence interval; NR, not reported.
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Fig. 3. Raw mean difference (MD) meta-analysis for resistance exercise and control groups on C-reactive protein levels (mg/dL). 
n, sample size; CI, confidence interval.

Fig. 4. Standardized mean difference meta-analysis for resistance exercise compared to control groups on tumor necrosis factor 
alpha. n, sample size; T2DM (yr), years since the first diagnosis of type 2 diabetes mellitus; HbA1c, glycosylated hemoglobin; ES, 
effect size; CI, confidence interval; NR, not reported.

–0.85 to 0.28; I2=69.9%) (Fig. 4), as well as when considering 
IL-6 (SMD, –0.24; 95% CI, –1.43 to 0.96; I2=89.2%) (Fig. 5). 

Additionally, the effect plot without pooling the SMD for IL-6 
and IL-10 are available in Supplementary Fig. 2. 
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Sensitivity analysis
The negative SMD on CRP values was not modified when re-
moving each included study one by one. Further details are 
displayed in Supplementary Table 5.

Subgroup analyses and meta-regression
The subgroup analysis considering potential comorbidities 
(i.e., overweight/obesity, hypertension) showed no differences 
in CRP values between participants with reported comorbidi-
ties (SMD, –0.12; 95% CI, –0.34 to 0.10; I2=0%) and those 
without them (SMD, –0.31; 95% CI, –0.63 to 0.01; I2=23%) 
(Supplementary Table 6). Regarding the coefficients and P val-
ues of the meta-regression models conducted for mean age 
(P=0.62), sample size (P=0.33), length of the intervention (P= 
0.22), T2DM duration (years) (P=0.78), total body fat percent-
age (P=0.66), HbA1c (%) (P=0.68), blood glucose levels (mg/
dL) (P=0.76), and percentage of women (P=0.50), none of 
them significantly influenced the effects of resistance exercise 
on CRP levels (Supplementary Table 7). Meta-regression mod-
els conducted for the raw MD in CRP values showed a signifi-
cant effect of baseline HbA1c (%) for the resistance exercise 
group (coef=0.78; P=0.01), while for the CG there was no sig-
nificant effect of baseline HbA1c (%) (coef=–0.32; P=0.39) 

(Supplementary Table 8 and Supplementary Fig. 3). Finally, 
baseline HbA1c levels (%) influenced the response of resis-
tance exercise when compared to CG, showing a significant re-
duction of –0.71 mg/dL (95% CI, –0.81 to –0.61; I2=0%) in 
CRP values in those patients with mean baseline HbA1c 
<7.5% (Supplementary Fig. 4).

Publication bias
Funnel plot visual assessment and Egger’s test confirmed no 
significant publication bias regarding CRP levels among the 
RCTs included in the meta-analysis (P=0.388) (Supplementa-
ry Fig. 5).

DISCUSSION

This study aimed to systematically synthesize the evidence re-
garding resistance exercise effectiveness on inflammatory 
markers in adults diagnosed with T2DM. Our findings suggest 
that resistance exercise may reduce CRP values in patients with 
T2DM. When exploring potential effect modifiers such as co-
morbidities, age, sample size, length of the intervention, time 
since T2DM diagnosis, total body fat percentage, blood glu-
cose levels, and percentage of women, none of them signifi-

Fig. 5. Standardized mean difference meta-analysis for resistance exercise compared to control groups on interleukin-6 levels. n, 
sample size; T2DM (yr), years since the first diagnosis of type 2 diabetes mellitus; HbA1c, glycosylated hemoglobin; ES, effect size; 
CI, confidence interval; NR, not reported.
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cantly influenced the effect size estimates for CRP levels. As an 
exception, baseline HbA1c (%) had a significant effect on the 
MD in CRP levels for resistance exercise groups, showing that 
when patients had higher levels of HbA1c, the anti-inflamma-
tory effects of resistance exercise would be reduced. However, 
evidence regarding TNF-α, IL-6, and IL-10 levels is scarce, and 
the corresponding results are far from consistent.

Circulating CRP levels were the most reported outcome. 
Most studies, except one [29], did not show a significant reduc-
tion in CRP values [25-34,36] compared to the control condi-
tion. Otherwise, when clinical differences were considered 
with the raw MD estimates, our results showed a significant re-
duction of CRP for resistance exercise while CG increased 
their values of CRP in mg/dL. Accordingly, previous evidence 
has demonstrated agreement with these results for patients 
with T2DM [37] and healthy participants [38]. However, these 
increased CRP levels after control conditions observed in sev-
en out 10 studies were only significant in one study [30]. Of 
note, in this specific study, changes in CRP levels of the partici-
pants could be associated with their baseline clinical character-
istics because they were obese (BMI, 32 kg/m2) with high fat 
mass percentage (34%), triglyceride levels (195 mg/dL), and 
insulin values (10.24 mU/L) [30]. Moreover, the overall in-
creased CRP in the CG was markedly heterogeneous and may 
be related to the different recommendations given to the CG 
(i.e., no intervention, usual care, physical activity or healthy 
diet advice, low-impact activities, etc.). Despite this, a clinical 
message could be extrapolated: the resistance exercise seems to 
be a better option than the different control conditions to man-
age systemic inflammation for patients with T2DM. It would 
be worth noting that there are some potential factors not fully 
described among the studies that should be considered as the 
baseline diet quality [39], diets based on anti-inflammatory 
foods [40] or the physical activity levels sustained throughout 
life that may attenuate the progression on inflammation caused 
by the disease and the aging process [41].

Despite this modest benefit on circulating CRP levels, other 
key factors associated with high oxidative stress in patients 
with T2DM could influence resistance exercise effectiveness, 
such as smoking status, physical inactivity, increased adiposity 
levels, diet [42], and pharmacological treatments [43], which 
could mask the effect of exercise in the T2DM population. In 
this sense, when we explored the meta-regression models for 
raw MD on circulating CRP levels, we found that the baseline 
HbA1c (%) may modify significantly the effect in the resis-

tance exercise groups but no in CG. Of note that the pooled 
baseline HbA1c values for participants in the resistance exer-
cise groups were slightly lower (7.5%) than for CG (7.7%), and 
only two studies reported good metabolic control (<7%) for 
the resistance exercise groups [26,33]. Because of the scarcity 
of trials making it difficult to clearly interpret this, it would be 
interesting that further studies explore the potential moderat-
ing role of HbA1c in the effectiveness of resistance exercise in 
patients with T2DM. 

Most studies have reported lower circulating TNF-α levels 
after resistance exercise [26,35,36]. Our meta-analysis showed 
a slight nonsignificant effect of resistance exercise for reducing 
TNF-α levels when compared to CG, which is similar to the 
results reported in a previous systematic review exploring the 
effects of aerobic exercise on inflammatory markers in T2DM 
patients [37]. However, two studies reported increased TNF-α 
levels after resistance exercise [24,29]. Specifically, in the study 
of Gordon et al. [24], the authors reported an increase in TNF-α 
expression in the trained muscle, but suggested that the poorly 
controlled T2DM and the elevated number of years with 
T2DM (10.5 years) could affect their results. Moreover, in 
Jorge et al. [29], the increased TNF-α levels could be explained 
because of the baseline differences in the HbA1c levels (%) for 
the resistance exercise group (8.27%) and the CG (6.99%); in 
addition, the authors also suggest that this surprising negative 
effect could be attributed by the poor metabolic control of par-
ticipants. Even if the impact of resistance exercise on TNF-α 
levels are still unclear and needs to be further explored, it 
should be considered that increased muscle mass (hypertro-
phy) may be associated with decreased inflammation through 
the improvement in blood glucose levels and insulin resistance 
[25]. Moreover, when resistance exercise is prescribed to pa-
tients with T2DM, we should consider some factors that nega-
tively impact muscle strength and progression of the disease 
such as age, diabetes duration, or fat percentage [44].

Despite the potential role of IL-6 and IL-10 have in the in-
flammatory response, few studies have reported their circulat-
ing levels. In this sense, our data showed a slight nonsignificant 
effect of resistance exercise for reducing IL-6 values when 
compared to CG, with some studies showing a reduction in 
IL-6 [28,35,36], while others showed a nonsignificant increase 
after resistance exercise [26,29]. We must be cautious when in-
terpreting these results as the increase in IL-6 reported in Jorge 
et al. [29] could be affected due to the high HbA1c levels (%) 
shown in the intervention group (8.27%) compared to the CG 
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(6.99%); thus, this fact should be further explored in future tri-
als. Moreover, in Rech et al. [26] the age of the participants may 
affect as older patients could need longer interventions to ac-
count for positive effects on inflammatory biomarkers or gly-
cemic response; moreover, their life habits exceed the accuracy 
of the questionnaire (mainly in the CG), which may also have 
influenced the results.

When considering the anti-inflammatory cytokine IL-10, 
the response after resistance exercise was not homogenous, 
showing nonsignificant reduced [35] or increased [26] circu-
lating levels of IL-10. Although the scarcity of studies reporting 
this cytokine makes it difficult to better clarify the potential 
role of resistance exercise in the IL-10 response, it is recom-
mended that future RCTs include IL-6 and IL-10 accounting 
for factors (i.e., physical activity status, diet, characteristics of 
the resistance exercise program, etc.) that could be potentially 
mediate the effect of resistance exercise on the response of 
these biomarkers.

Some mechanisms should be stated when considering the 
potential benefits of resistance exercise on inflammation. First, 
acute exercise stimulates the release of IL-6 in muscular tissue, 
which may act at the systemic level, inhibiting proinflammato-
ry cytokines such as TNF-α and increasing anti-inflammatory 
cytokines such as IL-10 [45]. Second, resistance exercise is as-
sociated with increased muscle mass, which may improve in-
sulin sensitivity due to the key role of skeletal muscle in glucose 
uptake [25]. Third, resistance exercise could act on adipose tis-
sue, diminishing adiposity, thus improving insulin sensitivity 
[46] and increasing vasodilatation, angiogenesis and blood 
flow, which may cause a reduction in hypoxia, macrophage in-
filtration and chronic inflammation in adipose tissue [45]. 
Moreover, mechanisms contributing to sarcopenia are also 
crucial to metabolic disorder pathogenesis (bidirectional rela-
tionship), with inflammation being a typical process involved 
in T2DM and skeletal muscle structure [47]. Finally, it is worth 
noting the influence of regular resistance exercise on the im-
mune system, such as an increased T-cell count, which is relat-
ed to IL-10 release and reduced expression of receptors associ-
ated with the production of inflammatory cytokines [45].

Otherwise, the inconclusive results shown in some studies 
might be due to some related factors, such as weight gain, 
physical inactivity, and genetic predisposition, that may cause 
adipose tissue dysfunction and increased secretion of CRP, 
TNF-α, and IL-6 and decreased adiponectin levels (anti-in-
flammatory protein) [4]. In addition, age is a crucial factor in 

the progression of T2DM, the aging process is associated with 
increased levels of some inflammatory cytokines [48]. Of note, 
weight gain produced by some usual medications in T2DM, 
such as insulin and sulfonylureas, may also impact the results. 

Adding to the abovementioned confounding factors that 
may impact the results from primary studies, our review has 
some limitations that should be noted. First, the included exer-
cise studies were not blinded because it would be impossible to 
truly blind participants to treatment allocation. Second, the 
heterogeneity among pharmacological treatments in patients 
with T2DM may introduce some kind of bias in our estimates. 
Third, the small total sample size (n=568), added to the het-
erogeneity among resistance exercise protocols and the nonre-
ported exercise intensity in some studies, should be consid-
ered. Fourth, the overall metabolic control of participants in-
cluded could have affected our estimates. Finally, studies evalu-
ating the resistance exercise effect on the inflammatory re-
sponse in patients with T2DM in the long term are lacking.

In summary, our analyses suggest a significant reduction in 
CRP values after resistance exercise in patients with T2DM. 
Moreover, potential effect modifiers such as comorbidities, 
age, sample size, length of the intervention, time since T2DM 
diagnosis, total body fat percentage, blood glucose levels, and 
percentage of women did not significantly influence our effect 
size estimates, except for baseline HbA1c (%). Regarding 
TNF-α and IL-6 levels, resistance exercise showed a nonsignif-
icant reduction. However, future trials would help to elucidate 
the controversial and heterogenous results for TNF-α, IL-6, 
and IL-10 levels. Thus, further studies should consider con-
founding factors that may have a direct or indirect impact on 
inflammatory biomarker levels (i.e., HbA1c levels, diabetes 
duration, diet quality, physical activity status, body composi-
tion, pharmacological treatments). Additionally, assessments 
of resistance exercise benefits in inflammatory biomarkers in 
patients with T2DM in the long term are strongly required. 
Current evidence indicates that prescribing resistance exercise 
to patients with T2DM can reduce inflammatory marker lev-
els, specifically CRP in addition to the known benefits on body 
composition and metabolic parameters.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.4093/dmj.2022.0007.
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Appendix 1. PRISMA checklist

Section and Topic Item 
# Checklist item Location where 

item is reported 

TITLE 

   Title 1 Identify the report as a systematic review. 1, title

ABSTRACT 

   Abstract 2 See the PRISMA 2020 for Abstracts checklist. 2

INTRODUCTION 

   Rationale 3 Describe the rationale for the review in the context of existing knowledge. 3

   Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 3-4

METHODS 

   Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the 
syntheses.

4-5

   Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or 
consulted to identify studies. Specify the date when each source was last searched or consulted.

4, Supplementary 
Table 1

   Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and 
limits used.

Supplementary 
Table 1

   Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review,  
including how many reviewers screened each record and each report retrieved, whether they 
worked independently, and if applicable, details of automation tools used in the process.

4-5

   D�ata collection  
process 

9 Specify the methods used to collect data from reports, including how many reviewers collected data 
from each report, whether they worked independently, any processes for obtaining or confirming 
data from study investigators, and if applicable, details of automation tools used in the process.

5-6

   Data items 10a List and define all outcomes for which data were sought. Specify whether all results that were  
compatible with each outcome domain in each study were sought (e.g., for all measures, time 
points, analyses), and if not, the methods used to decide which results to collect.

4, 6

10b List and define all other variables for which data were sought (e.g., participant and intervention 
characteristics, funding sources). Describe any assumptions made about any missing or unclear 
information.

4, 6

   S�tudy risk of bias  
assessment

11 Specify the methods used to assess risk of bias in the included studies, including details of the 
tool(s) used, how many reviewers assessed each study and whether they worked independently, 
and if applicable, details of automation tools used in the process.

5

   Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the  
synthesis or presentation of results.

6

   Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g., tabulating 
the study intervention characteristics and comparing against the planned groups for each  
synthesis (item #5)).

6

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling 
of missing summary statistics, or data conversions.

6

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. 6

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If  
meta-analysis was performed, describe the model(s), method(s) to identify the presence and  
extent of statistical heterogeneity, and software package(s) used.

6

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. 
subgroup analysis, meta-regression).

6

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. 6

   R�eporting bias  
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from 
reporting biases).

NA

   Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 5-6

(Continued to the next page)



Fernández-Rodríguez R, et al.

134 Diabetes Metab J 2023;47:118-134  https://e-dmj.org

Appendix 1. Continued

Section and Topic Item 
# Checklist item Location where 

item is reported 

RESULTS 

   Study selection 16a Describe the results of the search and selection process, from the number of records identified in 
the search to the number of studies included in the review, ideally using a flow diagram.

7, Fig. 1

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain 
why they were excluded.

Supplementary 
Table 2

   Study characteristics 17 Cite each included study and present its characteristics. 7, 8, Table 1

   Risk of bias in studies 18 Present assessments of risk of bias for each included study. 8, Supplementary 
material

   R�esults of individual 
studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) 
and (b) an effect estimate and its precision (e.g., confidence/credible interval), ideally using  
structured tables or plots.

8, 9, Figs. 2, 3

   Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing  
studies.

8, 9, Supplementary 
material

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the 
summary estimate and its precision (e.g., confidence/credible interval) and measures of statistical 
heterogeneity. If comparing groups, describe the direction of the effect.

Figs. 2, 3

20c Present results of all investigations of possible causes of heterogeneity among study results. 9, Supplementary 
material

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized  
results.

Supplementary 
material

   Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each 
synthesis assessed.

NA

   Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Supplementary 
Table 3

DISCUSSION 

   Discussion 23a Provide a general interpretation of the results in the context of other evidence. 9

23b Discuss any limitations of the evidence included in the review. 10-11

23c Discuss any limitations of the review processes used. 11

23d Discuss implications of the results for practice, policy, and future research. 9-11

OTHER INFORMATION

   R�egistration and  
protocol

24a Provide registration information for the review, including register name and registration number, 
or state that the review was not registered.

Title, 2

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 2 (PROSPERO 
register)

24c Describe and explain any amendments to information provided at registration or in the protocol. NA

   Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or 
sponsors in the review.

Title 

   Competing interests 26 Declare any competing interests of review authors. Title 

   A�vailability of data, 
code and other  
materials

27 Report which of the following are publicly available and where they can be found: template data 
collection forms; data extracted from included studies; data used for all analyses; analytic code; 
any other materials used in the review.

NR

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.


