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ABSTRACT

Objectives. To compare the effectiveness of different exercise interventions on improving adiposity-related 
inflammatory markers of metabolically healthy obese (MHO) adults. 

Methods. This is a systematic review with meta-analysis of randomized controlled trials (RCTs) and quasi-experimental 
studies on the effects of exercise interventions in the inflammatory markers of sedentary adults with MHO phenotype. 
Systematic searches were performed in PubMed, Cochrane, CINAHL, and OVID from January 2021 to January 2022. 
The included studies were from 2000 to 2021. The inclusion criteria included: a) adults with obese phenotype, b) 
has physical activity or exercise as intervention, and c) inflammatory markers as outcome measure. Exclusion criteria 
included: a) pregnant women, b) adults with cardiovascular conditions or taking medications, c) participants having 
central obesity. The review was registered on PROSPERO (CRD42021249661). Risk of bias (RoB) assessment was 
performed using Revised Cochrane RoB tool for RCTs, and ROBINS-I tool for quasi-experimental studies. A meta-
analysis was performed for inflammatory markers and body composition measurements using random effects model 
with forest plots presenting mean differences (MD) of outcome measures with 95% CI. 

Results. Twenty-one RCTs and seven quasi-experimental studies with 1,117 participants were included in the review. 
For short-term intervention, aerobic exercises showed an increased trend in IL-6 levels, and both resistance and 
aerobic exercises reduced TNF-alpha and CRP levels, respectively. For long-term exercises, aerobic exercises showed 
a significant reduction in CRP (MD= -0.33, 95%CI, -0.57 to -0.09, p=0.006). Long-term concurrent training also 
showed a significant reduction in TNF-alpha (MD= -2.65, 95%CI, -4.13 to -1.18; p=0.0004). Meta-regression also 
found no direct association between body weight and fat mass, and changes in inflammatory markers.

Conclusion. Concurrent and aerobic exercises were both effective in reducing pro-inflammatory markers. Concurrent 
training was more effective in reducing BMI, body fat composition, and CRP compared to aerobic and resistance 

exercises. Furthermore, middle-aged women benefited 
from aerobic exercises to reduce IL-6 levels. These 
results indicate the need for both resistance and 
aerobic exercise in improving inflammatory levels of the 
body. This review has limitations in terms of degree of 
heterogeneity brought by different exercise protocol and 
assessment of inflammatory markers. More research is 
needed to identify possible outcome measures that can 
predict chronic inflammation in MHO people.
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INTRODUCTION

Currently, there have been investigations on a subtype 
of obesity called 'metabolically healthy obese' (MHO) which 
is a category for people with excess adiposity who do not 
exhibit cardiometabolic conditions.1 Although considered 
as a healthier phenotype, MHO people still have a greater 
predisposition to cardiovascular conditions in the future due 
to their inflammation related to adiposity compared to their 
leaner counterparts.2 

It has been shown that physical activity can induce anti-
inflammatory effects.3 This is supported by the meta-analyses 
performed by Garcia-Hermoso et al. and Alizaei Yousefabadi 
et al. which proved that exercises can reduce pro-inflammatory 
markers brought by excess weight in adolescents4, and adults 
with metabolic syndrome5, respectively. However, it is still 
unclear which type of physical activity intervention is more 
effective in improving adiposity-related inflammation in 
sedentary MHO adults.

According to Lin et al.6, MHO people need a different 
set of interventions as they do not respond to the usual diet-
induced weight loss given to obese individuals with metabolic 
syndrome. This is supported by Kantartzis et al.7, who noted 
only slight improvements in insulin sensitivity in adults with 
MHO compared to adults with metabolic syndrome despite 
a significant decrease in visceral fat in both groups. More 
research is needed to find an effective treatment specifically 
for individuals with the MHO phenotype for the primary 
prevention of CVD and other metabolic conditions.2,6

With this, the systematic review will compare the 
effectiveness of resistance training, aerobic exercises, or 
a combination of both interventions in improving the 
inflammatory markers of sedentary metabolically healthy 
obese adults. The study will also help identify which body 
composition measurements are significantly associated with 
the changes in adiposity-related inflammatory markers. 

METHODS 

This systematic review followed the PRISMA guidelines 
as indicated in the study by Liberati et al.8 It was registered 
at the University of the Philippines - Manila Research 
Grants Administration Office (RGAO) - RGAO-2021-
1029. Compliance with research ethical guidelines including 
checking for plagiarism using Turnitin app was checked 
by the research panel of the Department of Physiology, 
College of Medicine, University of the Philippines Manila. 
The study proposal was also registered at the International 
Prospective Register of Systematic Reviews (PROSPERO) 
CRD42021249661. Amendments in the study protocol (i.e., 
clarifying research strategies, changing outcome measures, 
and adding data synthesis method) were made before the 
implementation of the review and can be accessed at the 
website https://www.crd.york.ac.uk/PROSPERO.

Data Search Terms and Search Strategy
The two authors ( JPRL and TJPE) conducted individual 

systematic searching from January 2021 to January 2022. 
The search terms used are based on the PICO question: 
population ("overweight OR obese" AND "sedentary OR 
inactive" AND "adults", intervention and comparator exercise 
(“exercise” OR "physical activity” OR “training” OR “aerobic” 
OR “endurance” OR “resistance" OR “strengthening” OR 
“combined training” OR “concurrent training”), outcome 
measure ("inflammatory markers” OR “inflammation” OR 
“interleukin” OR c-reactive protein” OR “CRP”).

The authors performed systematic searches in the 
following databases: MEDLINE/PubMed, Cochrane, 
CINAHL, and OVID. To prevent publication bias, the authors 
performed hand searching of bibliographies of systematic 
reviews or meta-analyses, and conference proceedings on 
International Congress on Obesity. The authors also searched 
online repositories of international libraries and universities, 
websites of different health and research organizations, 
websites of health journals, and websites for online grey 
literature (google scholar, SCOPUS, proquest.com, science.
gov, clinicaltrials.gov, and other related websites). The review 
included studies from the year 2000-2021. 

Eligibility Criteria
Studies with adults (18 years old and above) with 

overweight or obese profile (based on BMI or other 
anthropometric measurement indicated), considered 
sedentary based on self-report survey or physical activity 
questionnaire, include physical activity, resistance exercise, or 
aerobic training, or sedentary breaks as intervention, outcome 
measures involve inflammatory markers, and with a control 
group that should be in sedentary condition or without 
exercise intervention, and the study type should be quasi-
experimental or randomized controlled trials 

Studies are excluded if they involve pregnant women or 
women taking hormonal replacement therapy; participants 
who have a central obesity or waist-hip ratio greater than 0.95 
(women) and greater than 1.03 (men) (or waist circumference 
greater than 102 cm for men or greater than 88 cm for 
women)9; participants with diabetes mellitus, heart disease, 
active cancer, stroke, participants with active infection, or 
conditions with systemic inflammation; participants taking 
antihypertensives, anti-lipidemic, anti-diabetic drugs or 
NSAIDs; studies where intervention is only drug therapy or 
behavior change without quantified physical activity/exercise 
included; or studies that are not translated in English. 

Data Extraction
All studies retrieved from the databases were stored and 

de-duplicated by a single researcher ( JPRL) using Zotero 
reference manager.10 Systematic title and abstract screening 
were performed by the same single researcher using Rayyan 
software.11 After the abstract screening, the full texts of 
studies were retrieved and decided on which studies to be 
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included based on the set of inclusion and exclusion criteria. 
Researchers of studies with missing data, no full-text, or no 
English translation of full-texts were contacted via email 
and requested the missing information, full-text copies, or 
English-translated copies. A separate spreadsheet was created 
to record the reasons for exclusion for the studies retrieved. 
The results of the abstract and full-text screening were verified 
by another researcher (TJPE). 

The studies selected after full-text screening underwent 
a risk of bias assessment by two independent assessors 
( JPRL, TJPE). The assessors used the following risk-of-
bias tools: for randomized controlled trials (parallel-group 
trials) - Revised Cochrane risk-of-bias tool for randomized 
trials; for randomized crossover trials Revised Cochrane 
risk-of-bias tool for randomized crossover trials; and for quasi-
experimental studies - Risk Of Bias In Non-randomized 
Studies - of Interventions (ROBINS-I tool).12,13 The results of 
the risk-of-bias assessment were compiled and summarized 
using an online robvis tool.14 For disagreements between 
the assessment, discussions were conducted between the 
assessors until consensus was reached. For cases with no 
consensus on the disagreement, a third assessor (MSS) 
decided for the conflict in assessment. 

For data extraction, a single data extractor ( JPRL) used 
an MS Excel spreadsheet to document the data from each 
study. If the data is in graphical form, the Web Plot Digitizer 
was used independently by the two extractors, and the mean 
of (2) values gathered was considered the value for the 
outcome measure.15 Missing data from studies were requested 
from the researchers by the data extractor. The data collected 
were counter-checked by another researcher (MSS). 

Data Synthesis 
A qualitative synthesis was performed and reported in 

the review containing PRISMA flow diagram.16 The data 
collected were grouped into short-term exercise interventions 
(exercise interventions lasting for less than 6 weeks), and 
long-term exercise interventions (exercise interventions 
more than 6 weeks). For each group, the data were further 
classified according to the following classification of exercise 
intervention: aerobic or endurance exercise (any form of 
repetitive or sustained activity using large muscles of the 
body over a prolonged period of time e.g., walking, running, 
cycling, swimming17), resistance or strengthening (any 
form of exercise that results to muscle contraction against a 
resistance (“lifting, lowering, or controlling heavy loads for 
low number of repetitions or short period of time”17), and 
concurrent (combined aerobic and resistance exercise18). 

A characteristic of experimental studies was also 
included with the following information: study author, 
type of study, participant characteristics (age, sex), sample 
size, control group (no exercise group or retain sedentary 
lifestyle), resistance and/or aerobic exercise – a specific type 
of exercise and equipment used, frequency, duration, and 
intensity of exercise, and the list of primary and secondary 

outcome measures. Lastly, a summary of the findings table 
was constructed in a Microsoft Excel sheet containing the 
data of outcome measures.

A quantitative analysis was also performed upon 
satisfying the following criteria: at least two experimental 
studies reporting a similar inflammatory marker, with a 
similar type of exercise intervention (resistance, aerobic, or 
concurrent); and the selected studies were considered “high 
level of evidence” based on the risk of bias assessment. The 
results of the studies with similar inflammatory markers and 
type of intervention were pooled together and meta-analyzed 
using RevMan Program Version 5.19 The mean differences 
(MD) of CRP, IL-6, and TNF-alpha with 95% confidence 
interval were reported as the overall measure of effect size. 
The results of the meta-analysis were divided according to the 
duration of the intervention- short-term (less than 6 months) 
and long-term exercise interventions (more than 6 months). 
Studies with similar body composition measurements 
(weight, BMI, WHR, body fat mass, and lean body mass) and 
type of intervention were also pooled and meta-analyzed. A 
forest plot was generated using the RevMan Program Version 
519 for each outcome measure and exercise intervention was 
presented. Random effects meta-analysis was used for the 
review to consider variability between studies. The association 
between inflammatory markers and body composition 
measurements was determined using meta-regression 
analysis of Stata 14 software.20 Tests for heterogeneity (I2 
statistic), sub-group analyses of age, sex, and exercise intensity, 
and sensitivity analysis were also performed by the review. 
Lastly, the overall certainty of evidence were measured using 
GRADE tool21 by two independent assessors ( JPRL, TJPE). 

RESULTS 

Narrative review of study characteristics
The results of the screening of four databases (PUBMED, 

COCHRANE, CINAHL, and OVID) and other sources 
of grey literature produced 28 studies with 21 randomised 
controlled trials18,22-41 and 7 quasi-experimental studies41-48, 
with 1,117 MHO participants (Figure 1). The included 
studies can be stratified based on the duration of the studies: 
short-term exercise intervention (less than 6 weeks of exercise 
duration)27,33,39-41,43, or long-term exercise intervention (more 
than 6 weeks)18,22-26,28-32,34-38,42,45-48 (Tables 1 and 2). The 
summaries of findings were also created showing the results 
of each outcome measures in the studies included (Tables 3 
and 4). Only studies with complete data were included in 
the study and used in the analysis. 

For the studies under short-term term exercise inter-
vention, the total number of participants was 181 adults. The 
age of participants ranged from young to older adulthood, 
with the majority belonging to the young adult population 
(60%). Most of the participants in the study were also male 
(80%). In terms of intervention, the studies only varied 
in type and intensity - with only the studies by Bizheh 
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et al.43 and Patrizi33 having resistance exercises (low and high 
intensity, respectively), and the remaining studies used aerobic 
exercises (with both moderate and vigorous intensity). All 
exercise duration ranged from 25 mins to 1 hour, and most 
exercise frequencies lasted for one day, with the exception of 
the study of Koh et al.27 which exercise intervention lasted 
for four weeks, with 3x/wk frequency.

For studies under long-term exercise interventions, 
the total number of participants was 936 participants: 481 
(51%) are males, and 455 (49%) are females. In terms of the 
age group, the majority are middle-aged with 505 (54%) 
participants, followed by 328 (35%) young adults. 

Despite having heterogeneous profiles (age and sex), 
all participants qualified under metabolically healthy obese 
phenotype based on the study of Zembic at el.9 A subgroup 
analysis was performed for sex and age groups to determine 
possible sources of heterogeneity. A separate sub-group 
analysis for exercise intensity was also conducted to determine 
the level of effectiveness of each type of intervention on 
different sub-groups.

Another possible source of heterogeneity was the type 
of exercises performed. 

They were further sub-grouped into resistance, endurance, 
and concurrent exercises. All resistance exercise interventions 
dealt with major muscle groups of the upper and lower 

extremities, with moderate intensity (8-10 repetitions, and 
2-3 sets). The aerobic exercises also have similarities with 
the intervention type, varying only in intensity (low to high 
intensity). All of the exercise interventions lasted only for 40 
minutes to 1 hour, with frequencies of 3-5 times per week, for 
6 weeks to 12 months, with most studies (52%) conducted 
for 3 months.

Quality of the studies – Risk of bias assessment 
Based on the Cochrane Collaboration's risk of bias 

tool for RCTs12, out of 21 studies, there were two studies26,37 
with low risk of bias, and 17 studies18,22-24,27-32,34-36,38-41 with 
some concerns regarding the randomization process and 
selection of outcome results, and two studies25,33 with a high 
risk of bias. For the seven quasi-experimental studies, there 
were six studies42-45,47,48 with only moderate risk of bias, and 
one study46 with no information based on ROBINS-I tool13. 

Effects of short-term exercise intervention on 
changes in inflammatory markers

Short-term resistance exercise showed a significant 
increase in CRP levels with MD of 0.64 (95%CI, 0.05 to 
1.23, p=0.03)43, and a decrease in both TNF-alpha levels 
(MD=-280.67, 95%CI, -544.78 to -16.56, p=0.04)33, and 
IL-6 levels compared to the control group (MD=-1.50, 

Figure 1. PRISMA flow chart.
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95%CI, -1.85 to -1.15, p<0.00001)33. In contrast, short-
term aerobic exercise only showed a significant decrease 
in CRP levels (MD= -1.43, 95%CI, -2.82 to -0.04, 
p=0.04)27, with no significant decrease in TNF-alpha levels 

(MD=-2.08, 95%CI, -9.13 to 4.96, p=0.56; I2=70%; p for 
heterogeneity=0.04)27,40, and IL-6 levels compared to the 
control group (MD=4.37, 95%CI, -1.10 to 9.83, p=0.12; 
I2=0%, p value for heterogeneity=1.00)39-41.

Table 1. Characteristics of Experimental Studies: Short-term Studies

Study 
(Author, Year) Participant Characteristics Sex/Age

Sample 
Size 
(n= )

Exercise 
Intervention and 
Type of Exercise

Intensity Frequency Duration
Duration 
of Study 

(Pre-Post Test)

Outcome 
Measures

Bizheh et al., 
2011 (Quasi 
Experimental)

Southwest Asians; healthy and 
inactive men; WHR: 0.93-0.94 
(mean); nonsmokers, received no 
drugs and had no metabolic 
disease and physical impairment 
affecting their performance

M, MIDDLE-
AGED 

Mean Age: 
43-44 years

23 CONTROL (n=9) 
RESISTANCE 
(n=14): use of 

weights

RESISTANCE: LOW  
35% of one 

repetition maximum

1x 10 whole-body 
exercises x 20 

secs each x 
three circuits 

with 1 min rest 
between each set

1d CRP
BMI, Body 

Fat%

de Souza et al., 
2018 (RCT)

Obese sedentary male; 
BMI 35.9 ± 4.9 kg/m2, 
Not hypertensive
No metabolic alterations 
*No reports of WC or WHR

M, YOUNG 
Mean Age: 

28.5 ± 2.7 years

10 x 3 
(cross 
over 

design)

CONTROL (n=10) 
AEROBIC: 
2 groups

treadmill HIIE 
(n=10)

MICE (n=10)

AEROBIC:
HIIE – high intensity
90% of MTV highest 

velocity sustained 
in 1 min 

MICE – MODERATE 
INTENSITY 

(CONTINUOUS) 
65-75% HRmax

1x 25 min 1 day (60 
minutes after 

exercise)

IL-6

Emerson et al., 
2016 (RCT)

Caucasians; healthy, non-smoking, 
overweight (BMI: >25 kg/m2), 
insufficiently active men, cross 
over design each trial after 7 days
Not diagnosed with 
cardiovascular diseases
No impaired glucose tolerance
*No reports of WC or WHR

M, YOUNG 
Mean Age: 

24.5 ± 5.1 years

12 x 3 
trials 
(cross 
over 

design)

CONTROL (n=12) 
AEROBIC (n=12) 

(treadmill)

AEROBIC: 
VIGOROUS

(60% VO2 max)

1x 30 min, 60 min 1 day (1,2,4,6 
and 8h post) 

TNF-α, 
IL-6

Koh, Park et 
al., 2016 (RCT)

Caucasians; physically inactive, 
overweight or obese (body mass 
index >25.0 kg/m2)  
No chronic conditions; Not 
taking any medication that can 
alter metabolic, cardiovascular 
or immune function

M(13), F(14) 
18-65 years old

27 CONTROL (n=12) 
AEROBIC (n=15):

(walking 
treadmill)

AEROBIC: 
MODERATE

moderate intensity 
walking exercise 
on a treadmill for 
60 min at 70% of 

maximal heart rate 

3x/week 1 hour 1 month CRP, 
TNF-α 

BMI, Body 
Fat%

Panissa et al., 
2019 (RCT)

Hispanics; Inactive (lack of 
regular exercise, <150 min 
per week over the last 6 
months), overweight men,
No health problems or taking 
pharmacologic interventions 
affecting appetite or metabolic 
functions 
*No reports of WC or WHR

M, YOUNG
Mean Age: 

30.2 ± 4.1 years

14 x 5 
trials 
(cross 
over 

design)

CONTROL (n=14) 
AEROBIC: 
4 groups

HIIE – 1 h and 
2.5 h after 

breakfast (each 
group, n=14)
Steady state 

exercise - cycling 
at 50% MAP - 

1 h and 2.5 h after 
breakfast (each 
group, n=14)

AEROBIC: 
HIIE (VIGOROUS 

INTENSITY)
30s repetitions at 

MAP (70 rpm)
Steady State 
(MODERATE 
INTENSITY) 

50% of Maximum 
Aerobic Power

1x 30 min 1 day (1h, 
1.75h, 2.5h 
and 3.25h) 

IL-6 
 

Patrizi, 2008 
(RCT)

Caucasians; post-menopausal, 
obese women; 30 ≤ body mass 
index ≤ 40 kg/m2; had not 
participated in a regular exercise 
program for the previous six 
months; No HRTs, severe arthritis, 
bedridden within three months 
of the study, central or peripheral 
nervous system disorders, previous 
stroke, use of antidepressant 
medications, acute or chronic 
infection, major affective disorder, 
HIV infection or auto-immune 
disorders, metabolic disorders 
(type I or type II diabetes mellitus), 
oral steroid use. Regular NSAID 
users were asked to refrain from 
taking their medication until after 
the experimental trials on test days

F, OLDER 
60-70 years old

23 CONTROL (n=11) 
RESISTANCE 

(n=14): machine 
and free weights

RESISTANCE: HIGH 
(80% of their 

estimated 1-RM)

1x 10 exercises x 
8 reps x 3 sets 

(with last set reps 
increased until 

fatigued) with 1.5 
min rest period 
between sets

1d IL-6, 
TNF-α
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Study 
(Author, Year) Participant Characteristics Sex/Age

Sample 
Size 
(n= )

Exercise Intervention 
and Type of Exercise Intensity Frequency Duration

Duration of 
Study (Pre-
Post Test)

Outcome 
Measures

Ahmadizad 
et al., 2015 
(Quasi-
experimental) 

Southwest Asians; sedentary 
overweight men 
Healthy; Not taking any 
medications, No physical activity; 
WHR (0.87-0.88)

M, YOUNG 
(25±1 years)

30 CONTROL (n=10) 
AEROBIC: 2 GROUPS
HIIT (n=10) and MCT-

Moderate Exercise 
Group (n=10)

(treadmill-run/jog)

AEROBIC: 
HIIT: VIGOROUS 

(90% VO2 max)
MCT: MODERATE 
(walking/jogging at 
50-60% VO2 max)

3x/week HIIT 8 
EXERCISE 
INTERVAL 

(1 min) with 
2-3 min 

ACTIVE REST; 
MCT - 30-70 

min 

1.5 months 
(6 weeks) 

TNF-α, IL-6 
BMI, Body 
fat%, WHR

Auerbach 
et al., 2012 
(RCT)

Sedentary Caucasian overweight 
men BMI 25-30 kg/m2 with body 
fat percentage >25%, healthy, 
<140/90 mmHg blood pressure, 
took no medications
Fasting capillary glucose <6.1 
mM and no 1st degree relative 
with diagnosed T2DM
WC mean: 98±1 cm

M, YOUNG  
Mean Age: 
31±1 years

24 CONTROL (n=12) 
AEROBIC (n=12): 

(cycling, running, cross-
training, or rowing)

AEROBIC: 
MODERATE-
VIGOROUS

~65% HRR with High 
Intensity Training 

~85% HR-reserve of 
5-6 exercise bouts of 

3-4 mins

3-4x/week Not reported 
(equivalent 
to 600 kcal 

were utilized)

3 months CRP, TNF-α, 
IL-6 

BMI, whole 
body fat %, 

Free Fat Mass, 
WC (cm) 

Cooper et al., 
2016 (RCT)

Australians; sedentary men BMI 
>28 kg/m2; 
No preexisting diabetes
Not taking anti-hypertension 
medications, no cardiovascular 
disorders
WHR of ~1.0, not taking lipid 
lowering medications or anti-
inflammatory drugs

M, MIDDLE-
AGED 

40-60 years 
old

59 CONTROL (n=14) 
AEROBIC: 3 GROUPS

ET - 50 TO 60 mins 
cycling (n=15) 

A-SIT - 4-10 x 30 secs 
sprint effort with active 

recovery (n=15)
P-SIT - 4-10 x 30 secs 

sprint effort with passive 
recovery (n=15)

AEROBIC: ALL 
GROUPS VIGOROUS 

(80% HRmax)

3x/week 50-60 mins 3 months 
(12 weeks) 

CRP, TNF-α, 
IL-6; 

Fat Mass %, 
Free Fat Mass 

(kg)

Domene et al., 
2016 (RCT)

Australians; overweight (BMI 
27.1±1.9) and physically inactive 
women; Not taking Anti HTN, 
mean arterial BP (90±8mmHg), 
not taking anti-inflammatory, 
anti-hyperlipidemia medications; 
not pregnant 
*blood glucose/insulin level not 
reported

F, YOUNG 
Mean Age: 
34 years

20 CONTROL (n=10) 
AEROBIC (n=10): 

(zumba dance)

AEROBIC: VIGOROUS 1-2x/week 1 hour 2 months CRP, IL-6 
BMI, body 

fat %

Donges et al., 
2013 (RCT)

Caucasians; BMI 30.4±4.1 kg/m2

No pre-existing or new DM 
diagnosis
No CV disease, renal or 
hepatic disorders, immunologic 
condition, COPD, or other 
systemic inflammatory 
condition, taking lipid-lowering, 
anti-hypertensive, and anti-
inflammatory medications 
WHR: ~0.87

M, MIDDLE-
AGED 

Mean Age: 
48.1 ± 6.8 

years

47 CONTROL (n=8) 
RESISTANCE n=13:

(MACHINE) 
AEROBIC n=13: 

(cycle ergometry with 
elliptical cross training)

COMBINED n=13: 
50% completion of 

Resistance and Aerobic 
exercises protocol

RESISTANCE: 
MODERATE

75% of 1RM up to 
80% 1RM

AEROBIC: MODERATE 
TO VIGOROUS 
(75% HRmax to 

80% HRmax) 

3x/week RESISTANCE: 
10 exercises 
at 10 reps x 
3 sets to 8 

reps x 4 sets 
AEROBIC: 
40-60 mins

COMBINED: 
60 mins 

3 months CRP, TNF-
alpha, IL-6

BMI, WC (cm), 
WHR, Fat 

Mass%, Free 
Fat Mass (kg)

 

Gram et al., 
2017 (RCT)

Caucasians; physically inactive, 
healthy, overweight and obese 
(BMI 25-35 kg/m2) women 
and men;  No metabolic or 
cardiovascular conditions, 
no habitual medications 
*No mentioning of central 
obesity on participants
*No WHR or WC reported in 
study

M(45), F(50), 
YOUNG 

20-45 years 
old

95 CONTROL (n=18) 
AEROBIC: 2 GROUPS
MODERATE GROUP 

(n=39) AND VIGOROUS 
GROUP (n=38) - 

(running, cycling, rowing, 
step-machine, cross 
trainer, other aerobic 

exercise)

AEROBIC: 
MODERATE 

(50% VO2 max)
VIGOROUS 

(70% VO2 max) 

2-5x/week 30-75 mins 
(150 mins/

week) 

3 months CRP  
Body 

Composition 
(BMI)

Ho et al., 
2013 (RCT)

Australians; overweight or obese 
sedentary men and women (BMI 
between 25 and 40 kg/m2), not 
taking lipid lowering drugs, not 
pregnant or lactating -women, 
No diabetes mellitus
Not taking any beta-blockers, 
blood pressure ~120/70
WHR (0.85-0.88)

M(16), F(81) 
MIDDLE-

AGED 
40-66 years 
with Mean 
Age: 52-55 

years

97 CONTROL (n=16) 
RESISTANCE (n=16):

machines and free 
weights

AEROBIC (n=15):
(treadmill)

COMBINED (n=17):
(15 mins of Aerobic, and 
15 mins of Resistance)

RESISTANCE: 
MODERATE

(10RM x 4 sets x 8-12 
reps) progression 
increased weight

AEROBIC: VIGOROUS
60% HRR 

COMBINED: 
combination of 2 types

5x/week 30 mins 3 months TNF-α, IL-6 
BMI, Body 

fat%, WC (cm)
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Table 2. Characteristics of Experimental Studies: Long-term Studies (continued)

Study 
(Author, Year) Participant Characteristics Sex/Age

Sample 
Size 
(n= )

Exercise Intervention 
and Type of Exercise Intensity Frequency Duration

Duration of 
Study (Pre-
Post Test)

Outcome 
Measures

Mendham 
et al., 2014 
(RCT)

Australians; Middle aged 
sedentary men; BMI (27 to 
29 kg/m2); not diagnosed 
with cardiovascular, metabolic 
and inflammatory disorders; 
not taking any medications, 
flu injections, or vitamin 
supplementation 
WHR: 0.95±0.05

M, MIDDLE-
AGED 

(48.6±6.6 
years)

33 CONTROL (n=11) 
AEROBIC: 2 GROUPS  

cycling (n=11),  
modified rugby session 

(n=11)

AEROBIC: VIGOROUS 
(80% HRmax) 

3x/week 40-50 mins 2 months 
(8 weeks) 

CRP, TNF-α, 
IL-6 

BMI, WHR, 
Fat Mass %, 

Free Fat Mass 
(kg) 

Mendham 
et al., 2015 
(RCT)

Australian ancestry 
(BMI >27 kg/m2) 
Not diagnosed with pre-existing 
metabolic or cardiovascular 
disorders, blood pressure 
~120/70 mmHg 
WHR 0.96-0.97

M, MIDDLE-
AGED

(CONTROL: 
36.1 ± 16.1 

years 
EXP: Age 39.5 
± 10.6 years)

33 CONTROL (n=16) 
COMBINED n=17 
(AEROBIC: cycling, 

running, rowing, 
ergometry; RESISTANCE: 

free weights; sports at 
final weeks)

COMBINED: 
MODERATE TO 

VIGOROUS (HRmax 
ONLY)

2-3x/week 45-60 mins 3 months 
(12 weeks) 

CRP, TNF-α, 
IL-6 

BMI, WC (cm), 
Waist/Hip 

Ratio

Moghadasi 
et al., 2012 
(RCT) 

Southwestern Asians; sedentary 
overweight and obese middle-
aged men; Mean: 31.5±3.9 
kg/m2, 1) No diagnosed DM; 
2) resting blood pressure 
<160/100 mmHg, not taking 
medications that can alter 
exercise performance, appetite 
or metabolism, including aspirin 
and lipid altering medications 
3) WHR: 0.96-0.99

MIDDLE-
AGED
Age: 

41.18±6.1 
years

16 CONTROL (n=8) 
AEROBIC (n=8): 

(treadmill)

AEROBIC: VIGOROUS  
Moderate to vigorous 

endurance training 
(75–80% individual 
maximum oxygen 

consumption)

4x/week 45 mins 3 months CRP 
BMI, WHR, 
Body fat %, 
Lean body 
mass (kg) 

Mogharnasi 
et al., 2019 
(Quasi-
experimental)

Southwestern Asians; 
overweight and obese women; 
No chronic or acute conditions, 
not using dietary supplements or 
drugs, WHR (0.82-0.85)

F, YOUNG
Age: 

22.29 ± 2.49 
years

34 CONTROL (n=10) 
RESISTANCE n=12  

(free weights) 
AEROBIC n=12:  

(running)

RESISTANCE: 
MODERATE 

AEROBIC: VIGOROUS 
(20 mins with 65% 

HRmax up to 34 mins 
with 80% HRmax)

4x/week RESISTANCE: 
training of 

major muscle 
groups at 8 
stations for 
2-4 sets x 
8-12 reps 

(20-35 mins)  
AEROBIC: 
20-34 mins

2 months CRP 
BMI, Fat Mass 

(kg), WHR

Nikseresht, 
et al., 2014 
(RCT)

Southwestern Asians; healthy 
sedentary men who are obese; 
No history of any kind of 
medical condition that would 
prevent from exercising; 
No regular consumption of 
medications; WC (cm) ~99-102

M, MIDDLE-
AGED 

Age: 34–46 
years

34 CONTROL (n=10) 
RESISTANCE n=12: 

(weights and machines)  
AEROBIC n=12: 

(treadmill)

RESISTANCE: LIGHT TO 
HEAVY (40-90% 1RM)  
AEROBIC: VIGOROUS  
(80-90% MHR Running 
on treadmill 4 sets of 
4 mins with 3 mins 

recovery intervals at 
55-65% MHR) 

3x/week 40-65 mins 3 months TNF-α 
Fat mass (kg)

Olson et al., 
2007 (RCT)

Caucasians; overweight (BMI 
≥25 kg/m2) women, aged 25-44 
years, sedentary; Not taking 
NSAIDS, Statins, and medications 
for hypertension for the past 6 
months, Non hyperlipidemic and 
normoglycemic  
*No mentioning of central 
obesity on participants 
*No WC or WHR reported in 
the study 

F, MIDDLE-
AGED

28 CONTROL (n=12) 
RESISTANCE n=16  
(isotonic variable 

machines, and free 
weights) 

RESISTANCE: 
MODERATE

2x/week RESISTANCE: 
Exercises for 8 
major muscle 

groups  
3 SETS x 

8-10 REPS 
progressed 

with increased 
resistance/

weights 

12 months CRP, IL-6 
BMI, body 
fat%, lean 

body mass(kg)

Puengsuwan 
et al., 2020 
(RCT)

Southeast Asians; healthy 
sedentary adults aged 55-70 
years, BMI mean: 25.6 kg/m2; 
menopause, FBG ~ 95 mg/dL; 
WHR: 0.84±0.07  
*blood pressure of participants 
not reported in study

M(11),
F(45),

OLDER
Mean Age: 
61 years

56 CONTROL (n=29) 
AEROBIC n=27 
(weighted wand 

exercises)

AEROBIC: LOW 
(wand-assisted muscle 

stretching exercise 
and aerobic exercise 
on both the upper 

body and lower body)

5x/week 40 MINS 3 months 
(15 weeks)

CRP 
BMI, WHR, 

WC (cm), Body 
fat%, Free Fat 

Mass (kg)

Rohde et al., 
2018 (RCT)

South Asians; physically inactive 
men (mean BMI: 27 kg/m2) 
No T2DM diagnosis 
Blood pressure ~120/85 mmHg 
WC: 97-98 cm

M, MIDDLE-
AGED 

CONTROL: 
39.7(9.2) 

EXP: 35.8(6.1)

133 CONTROL (n=53)
COMBINED n=80 

(AEROBIC - floor ball/
football; RESISTANCE - 

strengthening)

COMBINED: 
MODERATE 

2x/week 40 mins 5 months CRP
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Table 2. Characteristics of Experimental Studies: Long-term Studies (continued)

Study 
(Author, Year) Participant Characteristics Sex/Age

Sample 
Size 
(n= )

Exercise Intervention 
and Type of Exercise Intensity Frequency Duration

Duration of 
Study (Pre-
Post Test)

Outcome 
Measures

Sadeghi et al., 
2019 (Quasi-
experimental)

Southwest Asians; obese and 
overweight Iranian women; 
sedentary 
Lack of metabolic conditions 
Absence of chronic diseases e.g., 
cardiovascular and joint diseases  
*No mentioning of central 
obesity on participants 
*No WC, or WHR reported in 
the study

F, MIDDLE-
AGED 

35-45 years

22 CONTROL 
(n=11) AEROBIC (n=11): 

(slow-pace jogging 
and walking)

AEROBIC: LOW 
50-55% HRmax

3-4x/week 30 mins 
progressed to 

45 mins

2 months CRP 
BMI 

Fasting 
glucose and 

insulin levels, 
HOMA-IR; 

Fasting blood 
lipid levels

Shabani et al., 
2018 (RCT)

Southwest Asians; healthy 
sedentary overweight or obese 
(BMI ≥25 kg/m2) females; lack 
of participation in any regular 
physical activity; No serious 
medical condition – stroke, 
heart attack, arthritis; No history 
of drug use 
Blood Pressure ~120/80 
FBS ~99-102 mg/dL 
WHR ~0.90-0.91

F, OLDER 
Age: 50–60 

years

22 CONTROL (n=10) 
COMBINED (n=12)  
(AEROBIC - running 

treadmill or ergometer; 
RESISTANCE)

COMBINED: 
MODERATE 

RESISTANCE; 
VIGOROUS AEROBIC 

EXERCISE  
RESISTANCE - 50%–
75% of one-repetition 

maximum (1RM) 
AEROBIC - 50%–80% 

exercise target HR 
(THR)

3x/week 90 mins 2 months (8 
weeks)

CRP 
BMI, WHR 

CRF; fasting 
glucose, 

fasting lipid 
profile (TC, TG, 

LDL, HDL)

Shahram 
et al., 2016 
(Quasi-
experimental)

Southwest Asians; healthy 
overweight women  
*No mentioning of central 
obesity on participants 
*No WC, or WHR reported 
in the study

F, YOUNG  
Mean Age: 
22 years

30 CONTROL 
(n=10) RESISTANCE 

(n=10): 
circuit weight training  

AEROBIC (n=10): 
running program

RESISTANCE: 
MODERATE 

(50-60% 1RM x 12 
reps x 4 sets)  

AEROBIC: VIGOROUS 
(60-65 TARGET HR to 

70-75 THR)

3x/week RESISTANCE: 
11 stations  

aerobic: 
running time 
not reported

3 months TNF-α, IL-6 
BMI, Body 

fat% 
IL-10

Shahrekordi 
et al., 2017 
(Quasi-
experimental)

Southwest Asians; old-aged 
healthy women 
No hypertension 
No Diabetes Mellitus 
WHR (088-0.91)

F, OLDER 
Age: 55–70 

years

40 CONTROL 
(n=9) COMBINED 4 

GROUPS 
Resistance after Aerobic 

(n=9) 
Resistance prior to 

Aerobic (n=10) 
Interval Resistance and 

Aerobic (n=12)

Not reported 3x/week 50 mins 2 months CRP, IL-6 
BMI, Body 
Fat%, WC 
(cm), WHR

Soltani et al., 
2020 (Quasi 
Experimental)

Southwest Asians; sedentary 
overweight and obese females
No diagnosed conditions, or 
taking medications* 
*No mentioning of central 
obesity on participants 
*No WC or WHR reported in 
the study

F, YOUNG 
18-25 years

30 CONTROL 
(n=15) COMBINED 
(AEROBIC - cycling; 
RESISTANCE - free 

weights and machine)

COMBINED:  
For Resistance - 

MODERATE  
(40-50% 1RM to 

50-70% 1RM) 
For Aerobic - 
VIGOROUS 

(50-70% to 75-90% 
HRMax)

4x/week ~30 mins 2.5 months 
(10 weeks)

TNF-α 
BMI 

IL-10; 
Adiponectin; 

Fasting 
glucose, 

fasting insulin, 
HOMA-IR; 
Pentraxin 
3 (PTX3); 

Fasting lipid 
profile (TG, 
LDL, HDL)

Swisher et al., 
2015 (RCT)

Caucasians; survivors of triple-
negative breast cancer* with 
BMI >25 kg/m2 
No diagnosis of DM 
No significant cardiac or renal 
disease that would prohibit 
exercise  
WHR: 0.87-0.9

F, MIDDLE-
AGED 

CONTROL: 
53.6 (36-71) 

years 
EXP: 53.8 

(43-65) years

23 CONTROL 
(n=10) AEROBIC 

(n=13): (stationary 
biking, elliptical trainer, 

treadmill, walking as 
home exercise)

AEROBIC: MODERATE 
(supervised, moderate-

intensity aerobic 
exercise 60-75% 

Max HR)

5x/week 30 mins 3 months CRP, TNF-α, 
IL-6 

BMI, Waist/
hip ratio, Body 

fat%  
Leptin, 

Adiponectin, 
Fasting insulin; 
QOL (FACT-B)

Yoon et al., 
2018 (RCT)

East Asians; obese post-
menopausal women with 30% 
body fat percentage; not taking 
medications due to heart 
conditions, sex hormonal drugs 
or HRT 
Normal blood pressure (baseline) 
Relatively normal fasting glucose 
(baseline) 
WC> 82 cm

F, MIDDLE-
AGED 

Mean Age: 
52-53

30 CONTROL (n=10) 
RESISTANCE (n=10): 

machines and free 
weights 

AEROBIC (n=10): 
(treadmill)

RESISTANCE: 
MODERATE  
60% OF 1RM 

AEROBIC: VIGOROUS 
HRR 60-80%

3x/week 40 mins 3 months CRP 
BMI, Body 

Fat%, WC (cm)
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Table 3. GRADE evidence profile: Long-term exercise effects on inflammatory markers for MHO adults

Quality of evidence
Summary of findings

Overall 
certainty of 

evidence
No. of patients

MD (95% CI)
Intervention No. of 

studies Design Risk of 
bias

Inconsis-
tency

Indirect-
ness

Impre-
cision

Risk of
Reporting Bias Control Exercise

CRP
Aerobic 11 10 RCT, 1 Quasi-

experimental
Not

serious
Serious Not

serious
Not

serious
Undetected 141 207 -0.33 

(-0.57, -0.09)
⨁⨁⨁ 

MODERATE

Resistance 3 3 RCTs Not
serious

Very 
Serious

Not 
serious

Serious Undetected 30 39 0.04
(-0.34, 0.41)

⨁ 
VERY LOW

Concurrent 5 4 RCTs, 1 Quasi-
experimental

Not
serious

Not
serious

Not 
serious

Serious Undetected 96 132 -0.05
(-0.42, 0.32)

⨁⨁⨁ 
MODERATE

TNF-alpha
Aerobic 9 8 RCTs, 1 Quasi-

experimental
Not

serious
Serious Not 

serious
Serious Undetected 101 121 -0.91

(-1.92, 0.10)
⨁⨁ 

LOW

Resistance 4 3 RCTs, 1 Quasi-
experimental

Not
serious

Very 
Serious

Not 
serious

Serious Undetected 44 51 -1.45
(-3.11, 0.20)

⨁ 
VERY LOW

Concurrent 4 3 RCTs, 1 Quasi-
experimental

Not
serious

Very 
Serious

Not 
serious

Not
serious

Undetected 55 62 -2.65
(-4.13, -1.18)

⨁⨁ 
LOW

IL-6
Aerobic 9 7 RCTs, 2 Quasi-

experimental
Not

serious
Serious Not 

serious
Serious Undetected 101 119 -0.42

(-2.07, 1.24)
⨁⨁ 

LOW

Resistance 4 3 RCTs, 1 Quasi-
experimental

Not
serious

Serious Not 
serious

Serious Undetected 46 55 -1.20
(-4.11, 1.71)

⨁⨁ 
LOW

Concurrent 4 3 RCTs, 1 Quasi-
experimental

Not
serious

Very 
Serious

Not 
serious

Very 
Serious

Undetected 49 57 0.14
(-0.99, 1.27)

⨁ 
VERY LOW

Effects of long-term exercise intervention on 
changes in inflammatory markers

C-reactive protein
For long-term aerobic exercises, there were 12 arms 

with 348 participants included in the analysis. The pooled 
results showed a significant decrease in CRP levels with 
MD of -0.33 (95%CI, -0.57 to -0.09, p=0.006; I2=93%,  
p for heterogeneity <0.00001)18,22-25,28,30,34,37,38,45 (Figure 2). 
In comparing different exercise types in decreasing CRP 
levels, concurrent exercise was a better intervention 
in reducing CRP levels compared to aerobic exercises 
(p=0.0002)18, and resistance exercises (p=0.0002).18

TNF-alpha
For long-term concurrent exercises, there were 4 arms 

with 117 participants included in the analysis. Based on 
the pooled results, concurrent training caused a significant 
reduction of TNF-alpha levels with MD of -2.65 (95%CI, 
-4.13 to -1.18, p=0.0004; I2=88%, p for heterogeneity 
<0.0001)18,26,29,48 (Figure 3). In comparing the effectiveness of 
different exercise interventions in decreasing TNF-alpha, the 
studies did not show significant difference between aerobic 

and resistance (p=0.11)18,26,31,46, aerobic and concurrent 
(p=0.21)18,26, and concurrent and resistance (p=0.19)18,26. 

IL-6
For IL-6, no significant reduction was observed in all of 

the exercise interventions (Figure 4). In comparing different 
exercise interventions in terms of decreasing IL-6 levels, 
aerobic training caused significant reduction of IL-6 levels 
compared to concurrent exercises (p<0.00001)18,26 (Figure 5). 

Effects of long-term exercise intervention on 
body composition measurements

Weight 
There were 25 study arms with 650 participants used 

to investigate the effectiveness of exercise interventions 
to changes in weight. It was observed that only long-term 
vigorous aerobic exercise caused a significant weight loss 
with MD of -1.30 (95%CI, -2.31 to -0.28, p= 0.01; I2=25%, 
p for heterogeneity = 0.22)23-25,28,30,31,38,42,46. In terms of 
comparison of exercise types, the pooled data showed that 
concurrent training was more effective in reducing weight 
compared to aerobic exercise (p<0.0001).18 
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Table 4. GRADE evidence profile: Long-term Exercise Effects on Body Composition Measurements for MHO Adults

Quality of evidence
Summary of findings

Overall 
certainty of 

evidence
No. of patients

MD
(95% CI)Intervention No. of 

studies Design Risk of
bias

Inconsis-
tency

Indirect-
ness

Impre-
cision

Risk of
Reporting Bias Control Exercise

Body Weight
Moderate 
Intensity Aerobic

6 4 RCTs, 2 Quasi-
experimental

Not
serious

Serious Not
serious

Serious Undetected 81 113 -0.89
(-3.73, 1.95)

⨁⨁ 
LOW

Vigorous 
Intensity Aerobic

9 7 RCTs, 2 Quasi-
experimental

Not
serious

Not
serious

Not
serious

Not
serious

Undetected 96 124 -1.30
(-2.31,-0.28)

⨁⨁⨁⨁ 
HIGH

Resistance 5 4 RCTs, 1 Quasi-
experimental

Not
serious

Serious Not
serious

Serious Undetected 50 61 -0.30
(-3.78, 3.17)

⨁⨁ 
LOW

Concurrent 5 3 RCTs, 2 Quasi-
experimental

Not
serious

Not
serious

Not
serious

Serious Undetected 58 67 -1.64
(-5.07, 1.79)

⨁⨁⨁ 
MODERATE

BMI
Moderate 
Intensity Aerobic

4 3 RCTs, 1 Quasi-
experimental

Not
serious

Serious Not
serious

Serious Undetected 68 90 -1.01
(-2.45, 0.42)

⨁⨁ 
LOW

Vigorous 
Intensity Aerobic

8 6 RCTs, 2 Quasi-
experimental

Not
serious

Not
serious

Not
serious

Not
serious

Undetected 93 114 -0.24
(-0.32,-0.15)

⨁⨁⨁⨁ 
HIGH

Resistance 5 3 RCTs, 2 Quasi-
experimental

Not
serious

Not
serious

Not
serious

Not
serious

Undetected 58 64 0.07
(0.00, 0.13) 

Favours control

⨁⨁⨁⨁ 
HIGH

Concurrent 5 3 RCTs, 2 Quasi-
experimental

Not
serious

Serious Not
serious

Not
serious

Undetected 66 71 -1.90
(-3.48, -0.31)

⨁⨁⨁ 
MODERATE

WHR
Aerobic 5 3 RCTs, 2 Quasi-

experimental
Not

serious
Not

serious
Not

serious
Not

serious
Undetected 68 78 -0.02

(-0.04, -0.01)
⨁⨁⨁⨁ 

HIGH

Resistance 1 1 Quasi-
experimental

Serious Unknown Not
serious

Not
serious

Undetected 10 12 -0.03
(-0.06, 0)

Insufficient

Concurrent 3 2 RCTs, 1 Quasi-
experimental

Not
serious

Not
serious

Not
serious

Serious Undetected 35 39 -0.01
(-0.05, 0.03)

⨁⨁⨁ 
MODERATE

Body fat composition
Moderate 
Intensity Aerobic

4 3 RCTs, 1 Quasi-
experimental

Not
serious

Serious Not
serious

Serious Undetected 57 63 -0.35
(-2.56, 1.86)

⨁⨁ 
LOW

Vigorous 
Intensity Aerobic

10 7 RCTs, 3 Quasi-
experimental

Not
serious

Serious Not
serious

Not
serious

Undetected 109 113 -1.72
(-2.70, -0.74)

⨁⨁⨁ 
MODERATE

Resistance 7 5 RCTs, 2 Quasi-
experimental

Not
serious

Serious Not
serious

Serious Undetected 76 89 -0.92
(-2.42, 0.57)

⨁⨁ 
LOW

Concurrent 3 2 RCTs, 1 Quasi-
experimental

Not
serious

Not
serious

Not
serious

Not
serious

Undetected 33 40 -1.19
(-1.36, -1.02)

⨁⨁⨁⨁ 
HIGH

Lean Body Mass
Aerobic 6 6 RCTs Not

serious
Serious Not

serious
Not

serious
Undetected 82 86 -1.43

(-2.31, -0.55)
⨁⨁⨁ 

MODERATE

Resistance 2 2 RCTs Not
serious

Not
serious

Not
serious

Serious Undetected 20 29 -2.26
(-4.52, 0.01)

⨁⨁⨁ 
MODERATE

Concurrent 1 RCT Not
serious

Unknown Not
serious

Not
serious

Undetected 8 13 -4.80
(-7.46, -2.14)

Insufficient
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Figure 2. Forest plot of long-term exercise and its effect on C-reactive protein levels: (A) long-term aerobic exercise, 
(B) long-term resistance exercise, and (C) long-term concurrent aerobic and resistance exercise.

A

C
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Figure 3. Forest plot of long-term exercise and its effect on TNF-alpha levels: (A) long-term aerobic exercise, (B) long-
term resistance exercise, and (C) concurrent long-term aerobic and resistance exercise.
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C
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Figure 5. Forest plot of comparison of different types of long-term exercises in terms of effects on IL-6 levels.

Figure 4. Forest plot of long-term exercise and its effect on IL-6 levels: (A) long-term aerobic exercise, (B) long-term 
resistance exercise, and (C) long-term concurrent training.
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Body Mass Index
There were 22 study arms with 624 participants included 

for the analysis of the effectiveness of exercise in changing BMI. 
Vigorous aerobic exercises (MD=-0.24, 95%CI, -0.32 to -0.15, 
p<0.00001, I2=0%, p for heterogeneity=0.75)24-26,28,30,38,43,46, 
and concurrent training (MD=-1.90, 95%CI, -3.48 to -0.31, 
p=0.02, I2=87%, p for heterogeneity<0.00001)26,29,36,47,48 
resulted in significant reduction of BMI compared to control 
group. In terms of exercise type comparison, it showed 
aerobic exercises to be more effective than resistance exercises 
(p<0.00001) in reducing BMI.26,38,44,46 Pooled data also 
showed that concurrent intervention was more effective than 
aerobic exercises in changing BMI (p=0.006).26

Waist-Hip Ratio
There were 10 study arms with 242 participants included 

for the analysis of the effectiveness of exercise in changing 
the WHR. Resistance exercises (MD=-0.03, 95%CI, -0.03 
to 0, p=0.02)44, and aerobic exercises (MD=-0.02, 95%CI, 
-0.04 to -0.01, p<0.00001, I2=39%, p for heterogeneity= 
0.14)28,30,34,42,44 were found effective in decreasing WHR. 
However, concurrent training had no significant effect in 
reducing WHR (MD=-0.01, 95%CI, -0.05 to 0.03, p=0.56, 
I2=53%, p for heterogeneity=0.12).29,36,47 

Body fat composition
There were 24 study arms with 580 participants 

included for the analysis of the effectiveness of exercises in 
changing body fat mass. Only long-term vigorous aerobic 
exercises23,24,26,28,30,31,38,42,44,46 (MD=-1.72, 95% CI, -2.70 to 
-0.74, p=0.0006, I2=85%, p for heterogeneity<0.00001), 
and concurrent training18,26,47 (MD=-1.19, 95% CI, -1.36 
to -1.02, p<0.00001, I2=0%, p for heterogeneity=0.55) were 
found to be effective in decreasing body fat mass compared 
to control groups. In terms of exercise type comparison, there 
were no significant differences found between aerobic and  
resistance18,26,31,38,44,46 (p=0.63), aerobic and concurrent18,26 
(p=0.25), and concurrent and resistance exercises18,26 (p=0.20).

Lean body mass
There were 9 study arms with 238 participants included 

for the analysis of the effectiveness of exercises in improving 
lean body mass. All exercise interventions were found to 
be effective in improving lean body mass compared to the 
control group: resistance exercise18,32 (MD=2.26, 95%CI, 
-0.01 to 4.52, p=0.05, I2=0%, p for heterogeneity=0.42), 
aerobic exercise18,22,23,28,30,34 (MD=1.43, 95%CI, 0.55 to 2.31, 
p=0.001, I2=80%, p for heterogeneity=0.0001), and concurrent 
training18 (MD=4.80, 95%CI, 2.14 to 7.46, p=0.0004). 

Meta-regression for CRP, TNF-alpha, and IL-6 levels
No significant association was found between inflam-

matory markers and weight and body fat mass of participants. 
Other body composition measurements have insufficient 
observations to be included in the meta-regression.

Funnel plot assessment for meta-analysis 
The funnel plot showed moderate asymmetry in the 

meta-analyses of the effects of long-term aerobic exercises 
on CRP, weight, BMI, WHR, and body fat mass, and the 
effects of long-term concurrent training on CRP and IL-6, 
possibly due to publication bias. The other meta-analyses 
have significant asymmetry due to small-study effects with 
limited methodological design or small sample sizes. 

Test for heterogeneity 
Meta-analyses of the effects of short-term aerobic 

exercises on IL6 and TNF-alpha, and meta-analyses for 
secondary outcome measures (weight, WHR and BMI) 
showed low to moderate heterogeneity (I2=0-70%). However, 
meta-analyses for long-term exercises on inflammatory 
markers, body fat mass, and lean body mass showed moderate 
to high heterogeneity (I2=80-100%). Sub-group analyses 
and sensitivity analyses were performed to determine the 
factors affecting the heterogeneity of results 

Subgroup analysis
Subgroup analysis for TNF-alpha showed that sex has 

a significant effect on subgroup differences in both long-
term aerobic, resistance, and concurrent training, with 
women having a larger reduction in the inflammatory marker 
compared to men. Age was also a significant factor that also 
affected changes in TNF-alpha during concurrent training. 
For IL-6 levels, age was considered a significant factor 
that affected the changes in the inflammatory marker for 
resistance exercise. In terms of concurrent training, sex was a 
significant factor that affected the results. Also, middle-aged 
participants of aerobic exercises had a significant reduction 
of IL-6 levels (MD=-0.44, 95%CI, -0.73 to -0.16, p=0.003, 
I2=0%, p for heterogeneity=0.545) compared to the control 
group. 

Sensitivity analysis
After removing two studies26,46 with a high risk of bias 

and possible data outlier, there were significant improvements 
in the heterogeneity of meta-analyses for TNF-alpha 
levels and IL-6 on concurrent training, and IL-6 levels on 
resistance intervention.

DISCUSSION 

Currently, studies have reported conflicting evidence on 
the effects of exercise on inflammatory markers. In terms of 
exercise duration, both short-term and long-term exercises 
showed different effects on inflammatory markers. For short-
term exercise sessions, aerobic exercise showed an increase 
in IL-6 levels compared to the control group. This pulsatile 
increase in IL-6 levels during exercise possibly has an anti-
inflammatory effect as it also stimulates the production 
of another anti-inflammatory cytokine, IL-10.49 This is in 
support of this review, as TNF-alpha levels were reduced 
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in both resistance and aerobic training, and CRP levels in 
aerobic exercises. In terms of long-term exercise programs, 
only aerobic exercises were found to cause a significant 
reduction in CRP levels with a moderate level of evidence. 
This reduction in CRP after long-term aerobic exercise can 
be attributed to the reduction in fat mass.50

Another important finding of the review is the significant 
reduction of TNF-alpha caused only by long-term concurrent 
exercises with a low level of evidence. This highlights the 
recommendation of improving muscle mass and not just 
targeting weight loss when performing exercise interventions. 
This is supported by Khalafi et al.51, which proposed gaining 
muscle mass as another mechanism for fighting adiposity-
related inflammation during exercise. Another study by 
Nicklas & Brinkley found that the improvement in muscle 
mass from the chronic exercise intervention resulted in 
decreased levels of CRP in active participants.52 Although 
this study is contradicted by Strandberg et al. who did not 
find a significant reduction in CRP or IL-6 levels after an 
increase in muscle mass in healthy elderly women.53 This 
remains to be elucidated whether gain in muscle mass has 
a direct correlation with changes in inflammatory markers 
for adults with MHO.

In terms of intensity of exercise, a better reduction of 
pro-inflammatory markers was observed in vigorous intensity 
compared to moderate intensity aerobic exercises for MHO 
people. Although this result is not significant, more studies 
are needed to prove its effectiveness. 

For exercise type, only a few studies performed a direct 
comparison of different exercise interventions. Based on 
this review, concurrent exercises were found to be more 
effective in reducing body weight, BMI, and CRP levels 
in people with MHO compared to aerobic, and resistance 
exercises, with moderate level of evidence. This may be due 
to its mechanisms to improve muscle mass and reduce body 
fat mass. However, as seen in the meta-regression of this 
review, body weight reduction and body fat mass may not be 
significant mechanisms for changing pro-inflammatory levels 
in MHO people. This is in support of the study by Shin et al. 
which reported that despite significant changes in weight and 
visceral fat mass by diet interventions, MHO people did not 
experience a significant reduction in CRP levels.54 Another 
study by Barron-Cabrera et al. also supported that changes 
in pro-inflammatory levels were seen in the exercise group 
compared to diet-only intervention, regardless of weight loss 
experienced by both groups.55 

Lastly, personal factors are also at play in changes in 
adiposity-related inflammatory markers. The review found 
that women had a greater reduction in pro-inflammatory 
levels compared to men. This is because most of the women 
in the study were of postmenopausal age (45 and above). 
According to the study by Sinatora et al.56, women of post-
menopausal age have an increased predisposition for increased 
weight and adiposity due to a decrease in estrogen hormone. 

Thus, they can benefit more from exercise intervention 
compared to males of the same age group. Age can also be 
considered a factor due to the increased predisposition to 
pro-inflammatory markers, a concept called inflammaging.57 

CONCLUSION

Changes in inflammatory markers for MHO people are 
directly affected by different exercise protocols and personal 
factors. In terms of duration of exercise, short-term exercises 
showed a general trend toward an acute increase in IL-6 
levels and reduction in TNF-alpha. This can be explained by 
the production of myokine IL-6 from contracting muscles, 
resulting in the anti-inflammatory effect of exercise. The study 
also found that long-term aerobic and concurrent exercises 
are effective in reducing pro-inflammatory markers (CRP 
and TNF-alpha) in people with MHO. 

In terms of exercise type, concurrent training was 
found to be the most effective intervention in reducing 
body weight, BMI, and CRP levels with a moderate level of 
evidence. The possible mechanisms behind its effectiveness 
are visceral fat reduction and muscle mass build-up. Despite 
body weight and body fat mass showing no correlation 
with changes in inflammatory markers, it is imperative to 
continue improving physical activity levels, as chronic muscle 
contraction could be the possible mechanism to decrease 
inflammatory markers for MHO people. 

In terms of personal factors, the review found that 
middle-aged women benefit more from exercise than men 
possibly due to their susceptibility to chronic inflammation 
caused by the lack of estrogen during menopause. It remains 
to be elucidated if older people with MHO phenotype can 
benefit more from exercises to counteract the effects of 
inflammageing in their bodies. 

Recommendations
This review has limitations in terms of publication bias 

and degree of heterogeneity brought by methodological 
differences in measuring inflammatory markers, and exercise 
parameters. More studies that focus on MHO population, 
and that directly compare the effects of resistance, aerobic, 
and concurrent training on chronic inflammation are needed 
to provide more significant results. The review also has limited 
data for correlation and regression analysis. Further research is 
needed to find the actual relationship between different body 
composition measurements and changes in inflammatory 
markers. More research is needed to identify possible outcome 
measures that can predict chronic inflammation for people 
with MHO. 

Lastly, more experimental studies focused on comparing 
the effectiveness of exercise interventions in sedentary 
Filipino MHOs are needed to know which intervention 
would be appropriate in our setting.
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