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Abstract 

Background. One of the most commonly measured markers of inflammation in clinical settings is 

C-reactive protein (CRP). The purpose of this meta-analysis was to examine the evidence for the 

effectiveness of physical exercise interventions on modifying the levels of serum CRP in children 

and adolescents with excess of weight.  

Methods. Two independent reviewers assessed articles from seven databases. Studies were limited 

to physical exercise interventions in children and adolescents diagnosed as overweight or obese, and 

including a comparison control group. Weighted mean difference (WMD) was calculated using 

random-effects model and potential moderators were explored (ie, weight status, ages, duration of 

study, frequency of exercise per week, and duration of session). The heterogeneity of the studies 

was estimated using Cochran's Q-statistic and I2.  

Results. Nine randomized controlled trials met the inclusion criteria (n=427 youths). Overall, results 

suggest a non-significant trend toward a reduction CRP levels (WMD=-0.72 mg/L; 95% CI, -1.52 

to 0.08; P=0.077). Also, there were not significant moderators of exercise effects on CRP. 

Conclusion. These results suggest that exercise programs in children and adolescents not mitigate 

the inflammatory effects of excess weight, although there was a trend toward reduction.  
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Introduction 

The prevalence of obesity among children and adolescents has dramatically increased in recent 

decades (1). Several physiopathologic mechanisms linking obesity to cardiovascular risk have been 

described (2). Inflammation is considered an important pathogenic mechanism in both the initiation 

and progression of cardiovascular diseases (CVD) (3). One of the most commonly measured 

markers of inflammation in clinical settings is C-reactive protein (CRP) (4, 5). Plasma levels of 

CRP have been reported to be a strong independent predictor of risk of future myocardial infarction, 

stroke, peripheral arterial disease, and vascular death among individuals without known 

cardiovascular disease (4). On the other hand, obesity has been associated with elevated levels of 

CRP in both adults and children (6). Furthermore, elevated levels of inflammatory factors in 

childhood and adolescence have been shown to track into adulthood (7). Given the apparent 

importance of CRP among other inflammatory markers in the development of CVD morbidity and 

mortality, it is critical to determine those factors that may help to lower and maintain optimal levels 

of CRP (8). 

It is documented that physical activity has a role in preventing CVD (9), mediated, in part, 

by changes in inflammation. Recently great attention has been focused on the response of 

inflammation to physical exercise. Several studies have not provided support for exercise 

intervention-induced reductions in CRP in adults (8, 10) and children (11). A recent review, 

although concluding that assessing body composition distribution may assist in interpreting the 

effectiveness of interventions in improving circulating inflammatory markers in obese children (3), 

does not provide enough evidence about the effect of physical exercise on reducing CRP levels. In 

contrast, other studies concluded that habitual physical exercise results in lower levels of CRP (10, 

12). Therefore, evidence about the impact of physical exercise on controlling the inflammation 

process is not clear, and a meta-analysis of RCT to establish evidence in this regard seems timely.  

The purpose of this meta-analysis was to examine the evidence for the effectiveness of 

exercise interventions on modifying the levels of serum CRP in overweight and/or obese youths.  
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Results 

Study selection 

A total of 447 potentially relevant articles were identified. Of these, 292 were discarded because it 

was clear from the abstracts they did not meet the inclusion criteria and 109 were duplicates. The 

full text of the remaining 46 candidates was then examined. Of these, 37 were rejected – 9 for 

failing the subjects' profile criterion, 10 for the study design criterion (no RCT), 15 for the type of 

intervention criterion (interventions with diet, education, nutrition, or drug), 2 did not determine 

CRP, and 1 used the same sample. This left nine studies meeting the inclusion criteria that were 

used for the meta-analysis (Figure 1). 

 

Study characteristics and interventions 

The characteristics of the nine studies (11, 13-20) are listed in Table 1 (n = 219 and n = 208, 

subjects in intervention and control groups, respectively).  

 

Participants 

The analysis included a total of 427 youths. Two studies included only boys (15, 20) and one only 

girls (18), and the remaining studies included both boys and girls (11, 13, 14, 16, 17, 19). 

Participants in four studies were children (14, 16, 17, 20), in four adolescents (13, 15, 18, 19) and in 

the other both age groups (11). Several criteria were used to define overweight and obesity: in one 

study the 85th BMI percentile was used (13, 17), another study used WHO criteria (19), three 

studies used Korean (18) and German (14, 16) nation-specific criteria for the juvenile population, 

and the other three studies did not provide any reference for the criterion they used for the 

classification (11, 15, 20) (Table 1).  
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Physical exercise program characteristics 

The main content of the programs was based on multi-person sports with games such as soccer (19), 

basketball, and handball (14, 20), athletic (running) (16), aquatic activities such as swimming and 

water games (20). Other studies used stationary cycling (11, 13), dance (17),  walking (14, 16, 18, 

20), and skipping rope (15). In two studies, part of each session was devoted to strength training, 

using either the person's own body weight or elastic bands (14, 20). All the studies included 

stretching and flexibility exercises. The program structure was very different in terms of duration: 

most of them lasted 12 weeks (14, 17-20) and included four 30-minute sessions by week (11). 

Finally, only four studies reported compliance (13, 14, 17, 18), and all of them exceeded 75% 

except one which reported a lower adherence (13). 

 

C-reactive protein assessments 

All the techniques employed to determine CRP used ultrasensitive methods: nephelometry (11, 14), 

latex-enhanced immunoturbidimetric assay (15, 19), immunoradiometry assay (13, 17, 18), and 

highly sensitive enzyme linked immunosorbent assay (ELISA) (20). Finally, only one study did not 

provide the method for determining CRP levels (16).  

 

Primary outcome (change in C-reactive protein) 

Table 2 lists the values for each variable in all the studies pre- and post-intervention. Figure 2 

summarizes these results. The WMD and 95% confidence interval were calculated for each study. 

There were not quite significant decreases in CRP levels (WMD=-0.72 mg/L; 95% CI, -1.52 to 

0.08; P=0.077) (Figure 2), with large inconsistency (I²=69%) (21). 

 

Subgroup analyses (moderator effects) 

Weight status (overweight, P=0.881; obese, P=0.109), ages (children, P=0.380; adolescents, 

P=0.123), duration of study (< 12 weeks, P=0.419; ≥ 12 weeks, P=0.147), frequency of exercise per 
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week (≤ 3 times week-1, P=0.435; > 3 times week-1, P=0.165), and duration of session (< 60 

min/session, P=0.141; ≥ 60 min/session, P=0.303) did not significantly influence the effect of 

exercise on CRP levels (Figure 3). 

 

Risk of bias results 

Among the included studies, most (11, 13-20) satisfied more than 50% of the quality criteria (four 

or more quality criteria) (Table 1). Of the 9 studies, 5 clearly described and adequately completed 

the randomization process (13, 14, 16, 19, 20). Eligibility criteria were specified in the majority of 

studies (8 out of 9) (11, 13-16, 18-20) while all studies adequately reported similarities in primary 

outcomes at baseline. Assessor blinding was reported in three studies (13, 14, 19). Care provider 

and patient blinding were not reported in any studies. Point estimates and measures of variability 

presented for the primary outcome measures were reported in all studies. Finally, only two studies 

reported data for primary outcomes that were analyzed following the intention to treat principle (13, 

14). 

 

Secondary outcomes, publication bias and sensitivity analysis 

The results showed a statistically significant reduction for weight (WMD=-3.12 kg; 95% CI, -4.38 

to -1.36; P<0.001) and fasting insulin (WMD=-2.15 µU/mL; 95% CI, -2.91 to -1.40; P<0.001), but 

not in body fat percentage. However, meta-regression analyses reported no statistically significant 

relationship between change in CRP and weight or insulin (Weight: R2=0.058, P=0.501; Insulin: 

R2=0.032, P=0.314). With regard to publication bias, the Egger’s test (P=0.489) and the funnel plot 

(Figure 4) suggest that the mean effect of exercise training on CRP was not subject to publication 

bias. Finally, in the sensitivity analysis, with each study removed from the model individually, the 

results remained constant with not statistically significant changes across deletions. 
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Discussion 

The present study is the first meta-analysis to analyze the evidence for the effectiveness of exercise 

programs on CRP in children and adolescents with excess weight. Overall, changes in CRP were 

not quite statistically significant, although there were a trend toward reduction. Also, there were not 

significant moderators of exercise effects on CRP. 

 

Physical exercise reduces CRP levels by multiple mechanisms, including a decrease in 

cytokine production by adipose tissue, improved endothelial function and insulin sensitivity, and 

possibly an antioxidant effect (10), among other factors. Also, the impact of exercise on 

inflammation in populations with excess weight is controversial and how exercise training reduces 

inflammation and decreases CRP levels is not well defined. While various studies show that 

exercise reduces inflammation, specifically CRP (22-24), other studies found no change in this 

parameter (25, 26). In this regard, the present meta-analysis is consistent with findings of recent 

studies in which exercise seemed not reduce levels of CRP after exercise intervention in obese 

youths. Also, although there was a non-significant trend reduction, the overall mean CRP level was 

2.81±1.34 mg/L (post-test) (Figure 2), still considered a moderate risk category (values of less than 

1.0, 1.0 to 3.0, and more than 3.0 mg/L correspond to relative risk categories of low, moderate, and 

high, respectively) (27). On the other hand, weight losses were associated with improvements in 

CVD (hypertension, dyslipidemia, and insulin resistance index) (28) and inflammatory markers 

(CRP and adiponectin level) (3). Different RCT included in this meta-analysis had significant 

reductions in weight of between 2.5 and 6.1% (-8.2 to -2.9 kg), although that may not be enough to 

cause a clinically relevant reduction in CRP. Therefore, despite the changes in several related 

factors like weight and insulin resistance, higher CRP levels persist in more active youths in most 

studies even after adjustment (10). 

 

All factors included in the subgroup analysis did not significantly modify the exercise 
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effects on CRP levels. In contrast, previous meta-analyses in obese youths examined the influence 

of physical exercise programs on the fasting insulin and glucose (29) or resting blood pressure (30) 

and suggest larger effects in programs >3 sessions per week or >12 weeks in duration. The small 

number of youths and studies included in subgroup analysis could be explains the non-significant 

effects. Most of the RCTs had small sample sizes (ie, all of the studies except one (13) had a sample 

size <100). Therefore, additional research on this topic is needed, including longitudinal 

interventions in this population and taking into account the limitations observed in this meta-

analysis. 

 

In summary, our findings suggest a non-significant trend toward a reduction CRP levels in 

overweight and obese youths. Therefore, exercise interventions may weakly reduce the risk of 

metabolic and cardiovascular events on obese youths in later life.  

 

Finally, the present meta-analysis had certain limitations. First, the number of RCT included 

was small, although their homogeneity is optimized by the stringency of the inclusion criteria. 

Second, there is inconsistency regarding to definitions of overweight and obesity. Third, most 

studies did not include information on major determinants of the CRP level (number of hours 

elapsed since the last meal or since exercise). Fourth, only one study (14) assessed the daily 

physical activity performed by the subjects (recall or accelerometer), even though this could affect 

the CRP results. Fifth, the large variations in the type of exercise performed in the interventions 

could influence CRP levels (31). Finally, several studies not provided important information like 

pubertal stage (15, 16, 20), compliance (11, 15, 16, 19, 20), and exercise intensity (15-17, 19), 

which might have a non-negligible influence on these small cohorts. 

 

Methods 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines was 
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used (32). The Research Committee of the Health and Social Research Center of Castilla-La 

Mancha University approved the study. Since the Spanish Law for Human Research only includes 

the need of informed consent for projects that potentially might influence the human health because 

include invasive procedures, examine human samples, or analyze individual data under 

confidentiality protection. The Spanish Law does not include meta-analysis among studies that need 

informed consent. 

 

Literature search 

The electronic bibliographical databases screened included: CINAHL (1937 to 2 September 2015), 

Cochrane Central Register of Controlled Trials (CENTRAL) (2002 to 2 September 2015), 

EMBASE (1980 to 2 September 2015), ERIC (1966 to 2 September 2015), MEDLINE (1965 to 2 

September 2015), PsycINFO (1987 to 2 September 2015), and Science Citation Index (1900 to 2 

September 2015). Manual searches were made. First, five keyword categorical searches were 

conducted: (i) “exercise” or “physical activity”; (ii) “child” and “adolescent”; (iii) “obesity” and 

“overweight”; (iv) “inflammatory markers”, and (v) “C-reactive protein”. Second, categories “i” to 

“v” were combined using “and”, and duplicates were removed. All languages were accepted. The 

search was conducted from 1th to 9th of February 2015 and updated from 1st to 2nd of September 

2015. 

 

Study selection 

Studies were included in the meta-analysis if they met the following criteria; (i) subjects: children 

and adolescents (6–18 years old) diagnosed as overweight or obese, (ii) type of study: RCT, in 

which the control group received no type of physical exercise or dietary restriction intervention, (iii) 

type of intervention: physical exercise program (no nutritional intervention), and (iv) evaluation of 

CRP. The four criteria for inclusion were restrictive in order to achieve a smaller homogeneous 

sample of studies.  
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Data collection 

Two authors (AG-H & JMS) extracted the following data from each candidate article selected: (i) 

characteristics of subjects (number, age, sex, and overweight/obesity definitions), (ii) exercise 

program characteristics (type, duration, frequency, and intensity), (iii) assessment of primary 

outcome (CRP) and secondary outcomes (weight, body fat, and fasting insulin); and (iv) results 

(before and after intervention). Discrepancies between the two reviewers about study conditions 

were resolved by consensus with the third author (YE). 

 

Assessment of Risk of Bias 

Risk of bias of the studies was evaluated using the Delphi List (33). Quality assessment was 

independently performed by two unblended reviewers (AG-H & JMS) and disagreements were 

solved by consensus or by a third reviewer (YE).  

 

Statistical analysis 

Primary and secondary outcomes.  

The meta-analysis was conducted using the statistical software Comprehensive Meta-Analysis 

Version 2.2. The primary outcome in the meta-analysis was changes in CRP, expressed in 

milligrams per liter (mg/L). The weighted mean difference (WMD) was calculated as the sum of the 

differences between groups in the mean of the CRP variable from pre- to post-intervention (34) in 

each study and pooled using the random-effects model (DerSimonian–Laird approach). Finally, we 

used meta-regression to examine the relationship between changes in CRP and changes in weight 

(kg), body fat (%), and fasting insulin (µU/ml). 

 

Heterogeneity assessment, publication bias, sensitivity and subgroup analysis. The heterogeneity of 

the studies was assessed using Cochran's Q-statistic applied to the WMD (35). The percentage of 
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total variation across the studies due to heterogeneity was determined using I². Usually I² is 

considered small if 0≤ I² ≤ 25%, medium if 25% < I² ≤ 50%, and large if I² > 50% (21). In this 

regard, assessment of bias, the funnel plot and the Egger test were used to examine publication bias 

(36). A level of less than 0.05 was used to determine if statistically significant publication bias 

might be present. For the sensitivity analysis, to determine the influence of each study on the overall 

results, each study was removed from the model once and the pooled analyses were conducted 

without this study in the model.  

Subgroup moderator analyses were conducted to determine whether exercise effects differed 

according to weight status (overweight or obese), ages (children or adolescents), duration of study 

(< 12 weeks or ≥ 12 weeks), frequency of exercise per week (≤ 3 times week-1 or > 3 times week-1), 

and duration of session (< 60 min/session or ≥ 60 min/session). Therefore, we performed a meta-

analysis in subgroup defined with each criterion. Moderator effects were considered significant at 

p<0.1. Also, differences between CRP changes according to these criteria it were analyzed 

(Independent Samples T test). Finally, it must be acknowledged that to compare studies including 

youth with different maturation stages can be problematic. Unfortunately, just a few studies have 

controlled the pubertal status and we used chronological age cut-off points. A similar grouping 

approach has previously been used in studies of obese children (29, 30, 37).  
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Figure legends 

Figure 1. PRISMA flowchart of the study selection process. 

Figure 2. The effects of the exercise programs on C-reactive protein (mg/L). Squares represent 

individual studies, and horizontal lines represent 95% confidence limits for individual studies. The 

diamond represents pooled weighted mean difference. WMD, weighted mean difference. 

Figure 3. Subgroup analysis for the post-treatment. Squares represent pooled weighted mean 

difference for each subgroup analysis. WMD, weighted mean difference. 

Figure 4. Funnel plot of precision by difference in means. Circles represent weighted mean 

difference for each study; and the diamond represents pooled weighted mean difference. Std Err, 

Standard error. 

 

 



 

Table 1. Characteristics of the studies included in the meta-analysis. 

Study 

EG  CG BMI    

(percentile or 

kg/m2) 

Intervention characteristics 
Delphi 

score n Age (years)* Type  n Age (years) Type 
Duration 

(weeks) 

Frequency 

(Se/W) 

Se duration 

(min) 
Intensity 

Compliance 

(%) 

 Alberga et al. (13) 74 15.5 (1.4) Machines  74 15.6 (1.3) None ≥ 85p 22 2 20-40 70-85%** 62 6 

 Farpour-Lambert et al. (14) 22 9.1 (1.4) Multi-sports  22 8.8 (1.6) None ≥ 97p 12 3 60 55-65%** 83 6 

 Kelly et al. (11) 9 10.8 (0.67) Stationary cycling  10 11.0 (0.71) None ≥ 85p 8 4 30 50-60%** NR 4 

 Kim et al. (15) 14 17.0 (0.11) Skipping rope  12 16.8 (0.13) None NR 6 5 40 NR NR 4 

 Meyer et al. (16) 33 13.7 (2.1) Multi-sports  34 14.7 (2.2) None ≥ 97p 24 3 60-90 NR NR 4 

 Murphy et al. (17) 23 7-12 Dance  12 7-12 None ≥ 85p 12 5 10-30 NR 75 3 

 Park et al. (18) 22 14.2 (0.5) Walking  22 14.1 (0.5) None ≥ 95p 12 6 30-40 55-75%† 82 4 

 Vasconcellos et al. (19) 10 14.1 (1.3) Soccer  10 14.8 (1.4) None > 2 SD§ 12 3 60 NR NR 5 

 Wong et al. (20) 12 13.7 (1.1) Machines + Multi-sports  12 14.2 (1.5) None > 25 12 2 45-62 65-85%† NR 4 

EG, experimental group; CG, control group; Se, session; W= week; None, no intervention; p, percentile; NR, not reported. 

*= data were presented as the mean value (SD) or range; §=BMI >2 standard deviations above age- and sex specific WHO reference medians; **= maximal heart rate; †= maximal oxygen consumption. 

 



Table 2. Values of pre- and post-test (mean and standard deviation) and weighted mean 

difference for C-reactive protein (mg/L) in the programs. 

  Pre-test Post-test 
WMD 

    EG CG EG CG 

 Alberga et al. (13) 2.6 (2.8) 2.2 (2.4) 2.2 (2.7) 1.9 (2.4) 0.25 

 Farpour-Lambert et al. (14) 3.4 (5.3) 4.7 (4.2) 3.3 (7.0) 4.6 (5.6) -1.30 

 Kelly et al. (11) 4.4 (4.8) 5.0 (3.8) 4.8 (7.8) 3.8 (2.8) 1.00 

 Kim et al. (15) 1.7 (0.5) 0.9 (0.7) 1.0 (0.6) 2.1 (0.7) -1.10 

 Meyer et al. (16) 4.8 (6.3) 4.6 (0.5) 2.1 (2.4) 3.4 (4.8) -1.30 

 Murphy et al. (17) 3.1 (2.9) 4.7 (2.7) 2.6 (7.1) 4.8 (2.6) -2.20 

 Park et al. (18) 1.0 (1.0) 0.8 (0.5) 0.9 (0.7) 1.1 (0.8) -0.20 

   Vasconcellos et al. (19) 4.3 (3.2) 3.9 (1.3) 3.7 (1.8) 4.1 (2.3) -0.40 

 Wong et al. (20) 3.1 (1.4) 3.4 (2.4) 4.1 (5.0) 4.3 (3.5) -0.20 

Data were presented as the mean value (SD). 

EG, experimental group; CG, control group; WMD, Weighted mean difference. 
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