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Summary
Obesity has been associated with elevated levels of C-reactive protein (CRP), a
marker of inflammation and predictor of cardiovascular risk. The objective of
this systematic review and meta-analysis was to estimate the associations
between obesity and CRP according to sex, ethnicity and age. MEDLINE and
EMBASE databases were searched through October 2011. Data from 51 cross-
sectional studies that used body mass index (BMI), waist circumference (WC) or
waist-to-hip ratio (WHR) as measure of obesity were independently extracted
by two reviewers and aggregated using random-effects models. The Pearson
correlation (r) for BMI and ln(CRP) was 0.36 (95% confidence interval [CI],
0.30–0.42) in adults and 0.37 (CI, 0.31–0.43) in children. In adults, r for BMI
and ln(CRP) was greater in women than men by 0.24 (CI, 0.09–0.37), and
greater in North Americans/Europeans than Asians by 0.15 (CI, 0–0.28), on
average. In North American/European children, the sex difference in r for BMI
and ln(CRP) was 0.01 (CI, -0.08 to 0.06). Although limited to anthropometric
measures, we found similar results when WC and WHR were used in the analy-
ses. Obesity is associated with elevated levels of CRP and the association is
stronger in women and North Americans/Europeans. The sex difference only
emerges in adulthood.
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Introduction

The obesity epidemic affects approximately a third of all
North Americans and has become a leading health
concern due to its link to cardiovascular disease (CVD) in
both children and adults (1). Numerous pathophysiologi-
cal mechanisms linking obesity and cardiovascular risk
have been postulated (2). Recently, inflammation has been
understood to be a key pathogenic mechanism in the ini-
tiation and progression of CVD (3), and great attention
has been given to inflammatory markers for their ability
to predict CVD risk (4). Among these, C-reactive protein
(CRP) has emerged as a powerful marker. In an individual
participant meta-analysis, every 1-SD increase in CRP

was shown to increase vascular risk by more than
60% (5).

Obesity has been linked to CRP in a large number of
cross-sectional studies as well as a narrative review
(6). Varying degrees of association between obesity and
CRP have been noted in populations of different sex, eth-
nicity and age. To date, no systematic review or meta-
analysis has accumulated the evidence to assess such
association according to population characteristics. In this
systematic review and meta-analysis, we aim to determine
and assess the association between obesity and CRP in
the general adult and child populations and the subpopu-
lations of males, females, North Americans/Europeans
and Asians.

obesity reviews doi: 10.1111/obr.12003

232 © 2012 The Authors
obesity reviews © 2012 International Association for the Study of Obesity14, 232–244, March 2013



Methods

Data sources and searches

In 5 October 2011 we searched MEDLINE and EMBASE
for cross-sectional studies of obesity and CRP, using the
text words and MeSH terms ‘C-reactive protein’, ‘CRP’,
‘body mass index’, ‘BMI’, ‘waist circumference’, ‘WC’,
‘waist-hip ratio’, ‘WHR’, ‘overweight’ and ‘obesity’.
Searches in Google Scholar and references of retrieved arti-
cles were also conducted. We limited our search to studies
written in English, and published between 1966 and 2011
(Appendix Table A1).

Study selection

We included studies if they met all of the following criteria
(i) cross-sectional study; (ii) primary objective is to assess
association between obesity and CRP; (iii) observe the
general population; (iv) use at least one of body mass index
(BMI), waist circumference (WC) or waist-hip ratio (WHR)
as measure of obesity and (v) provide correlation coeffi-
cients or odds ratios (ORs) as effect measure. For those
studies that presented analyses on a common database,
only one study with the largest sample size and highest
quality was included for review (Fig. 1).

Data extraction and quality assessment

The final set of articles was assessed independently by two
reviewers. Disagreements were resolved by consensus, or,
when necessary, by a third reviewer. Reviewers extracted
information on author’s names, year of publication, study
design, study setting, and number of male and female par-
ticipants. Extracted baseline participant characteristics
included sex, age, ethnicity, mean BMI, WC, WHR, CRP,

prevalence of obesity and prevalence of elevated CRP. Out-
comes data presented as Pearson or Spearman correlation
coefficients or ORs were also extracted. Sex-specific data
were collected wherever available. Information on logarith-
mic transformation of CRP (log10, loge or unknown), meas-
urement of high-sensitivity CRP (yes, no or unknown) and
type of assay used were also collected. Quality assessment
was conducted using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) check-
list for cross-sectional studies (7) to reduce the risk of bias
of individual studies. Studies that failed to meet any of the
checklist items were excluded from analysis (Fig. 1).

Data synthesis and analysis

We conducted separate reviews for the eligible studies
grouped according to effect measure (OR, Pearson or
Spearman coefficient), measure of obesity (BMI, WC or
WHR), sex (male or female), age group (children or adults)
and ethnicity (North American/European or Asian). For
studies reporting ORs, we further grouped studies of
similar cut-off values for elevated CRP levels and obesity.
For studies reporting Pearson or Spearman correlation
coefficients, we further grouped studies according to the
logarithmic transformation of the CRP variable (log10, loge

or unknown).
We synthesized the results of included studies using

random-effects meta-analyses, and results are presented as
correlation coefficients with corresponding 95% confi-
dence intervals (CIs). Meta-regression models of Pearson
coefficients assessed the association between each of BMI,
WC and WHR with CRP by including sex (male or female)
and ethnicity (North American/European or Asian) of
study subjects as categorical moderators. In addition to
meta-regression, we conducted subgroup analyses in sex
and ethnicity-specific subgroups with at least three studies.

4633 potentially relevant citations from 
search of MEDLINE and EMBASE with 
duplicates removed

125 papers retrieved for more detailed 
evaluation

51 potentially appropriate studies to be 
included in the systematic review

51 papers included in systematic review 
of CRP

4508 citations excluded after initial screen
-CRP and obesity association is not the 
primary objective
-Clinical subgroup
-Does not use BMI, WC or WHR for obesity
-Not a cross-sectional study

74 studies excluded after full-text screen
-Did not present original data (n=29)
-Correct effect measure not provided (n=19)
-Low quality† (n=16)
-Cannot access article (n=5)
-Correspondence or technical briefs (n=3)
-Cannot identify coefficient provided (n=2)

0 relevant studies included from search of 
Google Scholar and bibliographies of 
retrieved articles

Figure 1 Study selection process and
reasons for exclusion of studies. BMI,
body-mass index; CRP, C-reactive protein;
WC, waist circumference; WHR, waist-to-hip
ratio. †Low quality studies defined as failing
to meet the following STROBE criteria: data
sources/measurements (n = 5), objectives
(n = 4), statistical methods (n = 3),
participants (n = 2), main results (n = 1),
limitations (n = 1).
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Fisher’s r-to-z transformation of Pearson coefficients was
conducted to obtain variance-stabilized correlation coeffi-
cients. The transformed Pearson coefficients were used in
meta-regression and subgroup analysis. Pooled correlation
coefficients were transformed back to the raw scale for
presentation. Meta-analysis for Spearman coefficients was
not possible because their sampling variances could not be
deduced from the data provided in studies.

We reported effect measures in tables as part of our
systematic review. We classified non-adjusted ORs and ORs
adjusting exclusively for age and/or sex as ‘least adjusted’.
In contrast, ORs adjusting for any other cardiovascular risk
factor were classified as ‘most adjusted’. All statistical
analyses were conducted using R software version 2.14 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Search results and study inclusion

A total of 4,633 potentially relevant abstracts were
identified in our initial literature search (Fig. 1). Of these
abstracts, the full-length papers of 125 studies were
retrieved and assessed for eligibility. A total of 51 studies
met our inclusion criteria and were included in our review.
The remaining 74 studies were excluded either because they
did not present original data (n = 29), did not provide one
of our predetermined effect measures (n = 19), were low
quality according to STROBE criteria (n = 16), were not
accessible (n = 5), were correspondences or technical briefs
(n = 3) or did not identify the correlation coefficient
reported as Pearson or Spearman (n = 2). Studies that did
not meet STROBE criteria were either lacking description
of data sources or methods of variable measurement
(n = 5), study objectives (n = 4), statistical methods (n = 3),
eligibility criteria or methods used for participant selection
(n = 2), main study results (n = 1) or study limitations
(n = 1). No additional studies were identified through
our search of Google Scholar and references of retrieved
studies.

Appendix Table A2 summarizes the study population
characteristics from all included studies. Studies were pub-
lished since 1999 and had sample sizes ranging from 83 to
27,158. Of the 51 studies, 45 used BMI, 25 used WC and
15 used WHR as measure of obesity to assess the associa-
tion with CRP. Many studies followed specific subpopula-
tions, accounting for much of the variability. In particular,
34 studies provided sex-specific effect measures of 51,777
males and 84,601 females, 24 studies observed 78,444
North American/Europeans (American, Australian, Cana-
dian, Dutch, French, German, Greek, Italian, Spanish and
Welsh), 19 studies observed 59,040 Asians (Chinese,
Filipino, Indian, Japanese, Korean, Mongolian, Siberian
and Taiwanese) and 12 studies focused on 14,687 children.

High-sensitivity CRP was measured in all studies using
an immunoassay test. Nineteen studies used immunoneph-
elometry, 19 used immunoturbidimetry, 9 used enzyme-
linked immunosorbent assay, 3 used chemi-illuminescence
immunoassay and 1 used immunoradiometry. Of the 34
studies reporting correlation coefficients, all but two
studies logarithmically transformed CRP to obtain a
normal distribution (30 studies performed loge transforma-
tion) (8,9). In this review, the association between obesity
and CRP was reported using Pearson coefficients in 25
studies, ORs in 21 studies and Spearman coefficients in 11
studies, with some studies reporting more than one type of
effect measure.

Obesity and C-reactive protein

In all studies, each measure of obesity was associated with
CRP, regardless of age, sex and ethnicity of participants. In
adults, the random-effects summary correlation coefficient
between BMI and ln(CRP) was strong (Pearson coefficient
[r] = 0.36; 95% CI = 0.30 to 0.42). Obesity and over-
weight, defined as BMI � 30 kg m-2 and �25 kg m-2,
respectively, were strongly associated with increased odds
of elevated CRP (Table 2). Similarly, the random-effects
summary correlations between ln(CRP) with WC (r = 0.40;
95% CI = 0.31 to 0.48) and WHR (r = 0.23; 95%
CI = 0.16 to 0.29) in adults were strong. Studies in children
also showed strong associations between both BMI and
WC with CRP, with the exception of inconclusive ORs
reported by two studies in young Indians and Filipinos
(Table 2) (10,11). The random-effects summary correlation
between BMI and ln(CRP) in children was strong (r = 0.37;
95% CI = 0.31 to 0.43).

Sex

Using meta-regression, subgroup analysis and qualitative
review of data, we assessed the potential impact of sex in
the association between obesity and CRP in adults. Results
from meta-regression models including sex and ethnicity
moderators showed that the correlation was stronger in
women than men. Upon adjusting for ethnicity, the corre-
lation coefficients between BMI and ln(CRP) in women
were greater by 0.24 (0.09 to 0.37) (r [95% CI]) than men
on average. Correlation coefficients between WC and
ln(CRP) were not found to be significantly higher in women
than men with an average difference of 0.18 (-0.01 to
0.36). Specifically, WC and ln(CRP) were more strongly
correlated in women than men in both North Americans/
Europeans (men: r = 0.44 [0.24 to 0.64]; women: r = 0.62
[0.49 to 0.76]) and Asians (men: r = 0.09 [-0.07 to 0.25];
women: r = 0.27 [0.12 to 0.43]). We found no sex differ-
ence (difference in r = 0; 95% CI = -0.04 to 0.03) for the
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correlation between WHR and ln(CRP) using the same
meta-regression model. Subgroup analyses, conducted
where possible, confirmed a sex difference as the summary
correlation between BMI and ln(CRP) was greater in

women (r = 0.53; 95% CI = 0.45 to 0.60) compared with
men (r = 0.24; 95% CI = 0.19 to 0.29) in North American/
European adult populations (Fig. 2). The association
between obesity and CRP was stronger in women than men

Figure 2 Pooled Pearson correlation coefficients from studies linking BMI and ln(CRP) in North Americans/Europeans. Error bar indicates 95% CIs.
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from qualitatively reviewing the included studies. With the
exception of one study (12), we found larger Pearson coef-
ficients, Spearman coefficients and ORs for the association
between BMI and WC with CRP in women (Tables 1 and
2). Sensitivity analyses including one study (13) that
reported Pearson coefficients adjusted for an unusually
high number of variables did not alter our conclusions in
meta-regression and subgroup analysis.

Ethnicity

Meta-regression and qualitative review of data showed the
association between obesity and CRP to be different
between North Americans/Europeans and Asians, regard-
less of sex. In meta-regression models including sex and
ethnicity moderators, the correlations between BMI, WC
and WHR with ln(CRP) were significantly greater in North
Americans/Europeans by 0.15 (0 to 0.28), 0.34 (0.16 to
0.49) and 0.16 (0.06 to 0.27), respectively. Due to the
insufficient number of studies in Asian subgroups, we were
not able to compare ethnic differences through subgroup
analyses. However, we found the median values of Pearson
and Spearman coefficients to be consistently higher in
North Americans/Europeans than Asians across each
measure of obesity (data not shown). Sensitivity analyses
including the one study (13) with Pearson coefficients
adjusting for additional variables did not alter our
conclusions.

Children

BMI and WC were strongly associated with CRP in chil-
dren; however, the sex difference observed in adults was
not found in children. Subgroup analyses in male and
female children of North Americans/Europeans revealed
no sex difference in the correlation between BMI and
ln(CRP) (Fig. 2). The pooled Pearson coefficient from
meta-analyzing the sex difference within these three studies
on children was -0.01 (-0.08 to 0.06) (Appendix Fig. A1).
Qualitative assessment of all effect measures for studies in
children showed varying conclusions to a potential sex
difference between obesity and CRP (Tables 1 and 2).

Discussion

In our systematic review and meta-analysis, obesity was
strongly associated with elevated levels of CRP in all popu-
lations observed. Meta-regression, subgroup analyses and
qualitative review of data revealed stronger associations
between obesity and CRP in women compared with men
and in North Americans/Europeans compared with Asians.
In children, subgroup analyses showed BMI and CRP to be
equivalently correlated in male and female children of
North American/European countries.

The pathophysiological mechanisms linking obesity to
elevated levels of CRP are well recognized (6,14–16).
Adipose tissue is an active endocrine organ that releases a
variety of hormones and cytokines that contributes to CRP
elevation (2). In obesity, the accumulation of free fatty acid
intermediates activates proinflammatory serine kinase cas-
cades, such as IkB kinase and c-JunN-terminal kinase (16).
These cascades promote the secretion of cytokines, such as
interleukin-6 (IL-6), which in turn trigger the hepatic syn-
thesis of CRP. The liver is known to play a central role in
the expression and release of CRP as it drains visceral
adipose tissue, circulating triacylglycerol and free fatty
acids to yield elevated cytokine secretion and promote an
inflammatory milieu (6). More recently, a study in severely
obese patients has found gene polymorphisms to explain
the inter-individual variability in CRP (17).

In our study, we observed a greater magnitude of the
association between obesity and CRP in women compared
with men. However, the pathophysiological mechanisms
for a sex difference remain unclear. Several theories can be
postulated. First, sex differences in the metabolic activity of
adipose tissues may be linked to increased CRP production
in women (18,19). In a previous study, a greater proportion
of the variance in IL-6 levels has been found to be explained
by measures of obesity in women (20). Second, sex differ-
ences in the association between obesity and CRP may be
mediated by leptin levels (21–23). Leptin is an adipocyte-
specific hormone that has been positively correlated with
elevated CRP (24). Furthermore, higher levels of leptin
have been associated with increased body fat, earlier onset
of puberty and the female sex (25). The observed sex dif-
ference in the non-linear association between CRP and fat
mass has been found to disappear upon adjusting for leptin
(19). Third, anthropometric indices of obesity are indirect
measures of body fat, and the sex difference may be par-
tially explained by women having a higher percent body
fat, thus pronounced CRP synthesis, compared with men at
any given BMI, WC or WHR (18,20,26).

Our finding of a difference in the magnitude of the asso-
ciation between obesity and CRP between ethnic groups
adds to only a few studies that have examined ethnic dif-
ferences (26–28). In the National Health and Nutrition
Examination Survey study, the association between BMI
and CRP was found to be similar between Caucasian
Americans, African–Americans and Hispanic Americans
(27). However, a recent study of Chinese, Malay and Asian-
Indian residents of Singapore has found BMI and CRP to
be associated differently according to ethnicity (28). Thus,
lifestyle may be playing an important role in modifying the
association. For instance, elevated CRP levels have been
associated with diets high in glycaemic loads (29). There is
already evidence that the Western diet plays a major role in
the development of atherosclerosis (30). Further studies
comparing ethnic differences, particularly between North

236 Obesity and CRP in various populations J. Choi et al. obesity reviews

© 2012 The Authors
obesity reviews © 2012 International Association for the Study of Obesity14, 232–244, March 2013



Table 1 Studies reporting correlation coefficients for obesity and CRP

First author, year

(Reference)

log Population n CRP

(mg L-1)

BMI

(kg m-2)

Correlation

coefficient

WC (cm) Correlation

coefficient

WHR Correlation

coefficient

r rho r rho r rho

Asian adults
Choi, 2006 (51) ln Korean men 560 0.60* 24.0 – 0.20 84.0 – 0.22 – – –

Korean women 486 0.40* 22.9 – 0.34 78.1 – 0.28 – – –
Jeemon, 2011 (60) ln Indian 600 1.10*/1.20* 23.0 0.55 – 80.3 0.47 – – – –
Kim, 2008 (61) ln Korean 160 0.06* 25.4 0.44 – – – – 0.90 0.43 –
Lee, 2009 (62) ln Korean men 2,248 0.76 24.7 0.27 – – – – – – –

Korean women 2,675 0.49 23.2 0.39 – – – – – – –
Lim, 2006 (63) ln Korean men 4,611 1.88 24.2 0.13 – 83.7 0.15 – 0.90 0.15 –

Korean women 5,162 1.75 24.9 0.23 – 81.8 0.21 – 0.87 0.14 –
Nakamura, 2008 (12) ln Japanese men 262 0.40 – – – 82.0 – 0.38 – – –

Japanese women 366 0.30 – – – 76.7 – 0.28 – – –
Nakanishi, 2005 (68) ln Japanese men 715 0.53* 23.6 – 0.23 – – – – – –

Japanese women 988 0.32* 22.0 – 0.36 – – – – – –
Ryu, 2005 (72) ln Korean 202 1.90 24.3/24.9 0.18 – – – – – – –
Saito, 2003 (73) ln Japanese 1,053 1.00/0.80 23.2/23.8 0.19 – – – – – – –
Snodgrass, 2007 (75) log Siberian men 56 1.72 23 0.26 – 82.2 0.27 – – – –

Siberian women 85 1.34 24.7 0.49 – 78.4 0.49 – – – –

North American/European adults
Arena, 2006 (48) ln American men 90 1.88 25.0 0.18 – – – – – – –

American women 75 2.36 25.5 0.36 – – – – – – –
Festa, 2001 (46) ln American men 700 2.73 28.6 – 0.34 97.2 – 0.41 0.94 – 0.34

American women 859 5.24 30.2 – 0.45 90.5 – 0.45 0.83 – 0.24
Frohlich, 2000 (55) ln West German 1,703 3.15 25.0 – 0.32 – – – – – –
Garcia-Lorda, 2006 (56) ln Spanish 1,157 1.61 26.4 0.32 – 86.8 0.34 – – – –
Hak, 1999 (57) ln Dutch women 186 0.68* 24.9 0.54 – 81.5 0.55 – 0.77 0.33 –
Hoekstra, 2005 (58) ln Dutch elderly men 315 2.40* 25.4 – 0.09 – – – – – –

Dutch elderly women 290 2.10* 26.5 – 0.39 – – – – – –
Lear, 2003 (26) ln Canadian men 83 0.48* 24.4 0.21 – 84.5 0.28 – 0.87 0.28 –

Canadian women 99 0.44* 25.2 0.55 – 78.5 0.59 – 0.78 0.27 –
Marsland, 2010 (65) ln American 645 1.65 27.2 0.48 – 91.0 0.41 – – – –
Panagiotakos, 2005 (13) ln Greek men 1,514 1.70 27.4 0.21 – 98.0 0.30 – – 0.48 –

Greek women 1,528 1.30 25.3 0.22 – 84.0 0.34 – – 0.52 –
Piche, 2005 (69) ln American women 112 2.32 28.6 0.60 – 92.0 0.61 – – – –
Rohde, 1999 (71) ln American men 1,172 2.00 – 0.25 0.24 – – – – – –
Yudkin, 1999 (79) ln American 107 1.35* 25.9 0.41 – – – – 0.86 0.32 –

Other adults
Araujo, 2004 (47) ln Brazilian men 295 1.40 26.2 – 0.39 – – – – – –

ln Brazilian women 389 1.70 26.2 – 0.44 – – – – – –
Aronson, 2004 (49) ln Israeli 1,929 – – 0.39 – – – – – – –
Connelly, 2003 (52) log Aboriginal men 223 2.07* 26.7 – 0.37 99.1 – 0.44 0.97 – 0.46

Aboriginal women 289 3.89* 29.1 – 0.62 104 – 0.56 0.96 – 0.23
Doumatey, 2010 (53) ln West African 247 0.42/0.54 25.9/29.0 0.35 – – – – 0.89/0.86 0.22 –

African–American 315 0.54/0.81 29.0/30.6 0.45 – – – – 0.91/0.85 0.18 –
Rogowski, 2010 (70) ln Israeli men 7,760 – – – – – 0.35 – – – –

Israeli women 4,312 – – – – – 0.41 – – – –

Children
Ford, 2003 (82) ln American boys 1,479 1.40 – 0.39 – – – – – – –

ln American girls 1,367 1.70 – 0.41 – – – – – – –
Lazarou, 2010 (8) – Cypriot children 83 1.00* – – 0.39 – – 0.29 – – –
Thomas, 2008 (85) ln Welsh boys 75 1.07 20.8 0.43 – 69.8 0.54 – – – –

ln Welsh girls 89 1.24 21.1 0.27 – 65.2 0.31 – – – –
Vikram, 2003 (11) ln Indian children 331 0.50* – – – – – – 0.82 0.11 –
Warnberg, 2006 (87) ln Spanish boys 248 1.17* 20.1* 0.27 – 72.6* 0.23 – 0.81* 0.11 –

ln Spanish girls 224 0.83* 20.4* 0.27 – 68.9* 0.22 – 0.75* 0.004† –
Wu, 2003 (9) – Taiwanese boys 410 0.30* 21.0 – 0.27 68.4 – 0.28 0.78 – 0.21

– Taiwanese girls 425 0.19* 20.6 – 0.30 63.1 – 0.27 0.71 – 0.19
Yoshida, 2006 (88) ln Japanese boys 340 1.08 – 0.49 – – – – – – –

ln Japanese girls 228 0.82 – 0.36 – – – – – – –

Studies are listed in alphabetical order. Numbers separated by a slash denotes values in males/females in total population.

*Median values.
†Not significant; –, not applicable/not reported.

BMI, body-mass index; CRP, C-reactive protein; r, Pearson coefficient; rho, Spearman coefficient; WC, waist circumference; WHR, waist-hip ratio.
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Table 2 Studies reporting odds ratios for obesity and CRP

First author, year (Reference) Population n CRP cut-off Odds ratio (95% CI)

Least adjusted Most adjusted Incremental odds ratio§

Cut-off: BMI � 30 kg m-2

Adults
Hung, 2008 (59) Australian men 1,761 3.00 4.58 (3.28–6.39) 3.49 (2.43–5.01) –

Australian women 2,248 3.00 8.71 (6.68–11.37) 7.83 (5.78–10.59) –
Visser, 1999 (77) American men 7,938 2.20 – 2.13 (1.56–2.91) 1.38 (1.22–1.55) per 5 kg m-2

American women 8,678 2.20 – 6.21 (4.94–7.81) 2.04 (1.89–2.20) per 5 kg m-2

Children
Al-Isa, 2010 (80) Kuwaiti children 774 0.9 32 (17.3–58.8) 25.3 (13.6–47.2) –
Caserta, 2010 (81) Italian boys 288 3.0 – 9.1 (2.5–32.4) –

Italian girls 287 3.0 – 7.6 (1.3–44.5) –
Kong, 2008 (83) Chinese boys 958 1T v 3T† 7.06 (4.42–11.3) 3.65 (2.1–6.35) –

Chinese girls 1,144 1T v 3T† 10.5 (5.62–19.7) 6.28 (3.12–12.6) –

Cut-off: BMI � 25 kg m-2

Jeemon, 2011 (60) Indian adults 600 2.60 6.80 (4.50–10.2) 3.90 (2.34–6.44) –
Saito, 2003 (73) Japanese adults 1,053 1.50 – 2.50 (1.09–5.75) –
Saito, 2007 (74) Japanese men 5,213 1.66 – 1.48 (1.27–1.72) –

Japanese women 7,071 1.17 – 2.42 (2.12–2.76) –

Cut-off: BMI other‡

Adults
Gentile, 2010 (38) Italian women 390 1.50 – 3.55 (1.94–6.49) –
Mora, 2006 (67) American women 27,158 4.20 – 10.79 (9.63–12.08) –
Yamada, 2001 (78) Japanese adults 6,107 0.11 – – 1.52 (1.40–1.64) per 1 SD†

Lin, 2010 (64) Taiwanese men 807 Top quartile† 1.36 (0.98–1.88) 1.25 (0.87–1.77) 1.12 (0.93–1.33) per 1 SD†

Taiwanese women 862 Top quartile† 2.68 (1.97–3.66) 2.11 (1.51–2.95) 1.65 (1.39–1.97) per 1 SD†

Thompson, 2011 (76) Mongolian adults 2,589 Top quartile† – – 1.31 (1.19–1.45) per 3.5 kg m-2

Children
Lambert, 2008 (84) Canadian boys 907 3.0 – 2.8 (1.5–5.3) –

Canadian girls 975 3.0 – 5.2 (2.7–9.7) –
Lazarou, 2010 (8) Cypriot children 83 1.0* – 7.35 (1.7–31.7) –
Vikram, 2003 (11) Indian boys 331 2.1 – 2.10 (0.90–4.79) 1.30 (0.90–1.80) per 3 kg m-2

Indian girls 46 2.1 – 3.40 (0.50–23.60) 1.90 (0.80–4.50) per 3 kg m-2

Visser, 2001 (86) American boys 1,725 2.2 – 3.74 (1.66–8.43) 1.65 (1.26–2.16) per 4 kg m-2

American girls 1,787 2.2 – 3.17 (1.60–6.28) 1.60 (1.25–2.05) per 4 kg m-2

Cut-off: WC male 102 cm, male 88 cm
Assoumou, 2011 (50) French elderly 921 2.80 2.88 (1.90–4.37) 1.75 (1.05–2.91) –
Dupuy, 2007 (54) French elderly men 655 3.05 3.06 (1.82–5.14) 2.81 (1.66–4.77) –

French elderly women 1,054 3.05 7.04 (4.79–10.34) 5.80 (3.87–8.68) –

Cut-off: WC male 90 cm, female 80 cm
Adults

Lin, 2010 (64) Taiwanese men 807 Top quartile† 1.47 (1.05–2.05) 1.19 (0.83–1.70) 1.18 (0.98–1.41) per 1 SD†

Taiwanese women 862 Top quartile† 3.04 (2.21–4.18) 2.37 (1.67–3.35) 1.76 (1.48–2.12) per 1 SD†

McDade, 2009 (10) Filipino 1,648 3.0 0.95 (0.90–1.01) 0.96 (0.90–1.01) –

Cut-off: WC other‡

Adults
Gentile, 2010 (38) Italian women 390 1.50 – 3.11 (1.71–5.66) –
Thompson, 2011 (76) Mongolian adults 2,589 3.00 – 1.65 (1.30–2.10) 1.41 (1.27–1.56) per 9.59 cm
Jeemon, 2011 (60) Indian adults 600 2.60 3.42 (2.31–5.07) 1.62 (1.02–2.60) –
McDade, 2008 (66) Filipino women 1,875 3.00 – – 2.22 (1.94–2.53) per 1 SD†

Children
Lazarou, 2010 (8) Cypriot children 83 1.0* – 7.81 (1.45–42.03) –

Cut-off: WHR other‡

Lin, 2010 (64) Taiwanese men 807 Top quartile† 1.47 (1.07–2.01) 1.06 (0.76–1.50) 1.09 (0.90–1.31) per 1 SD†

Taiwanese women 862 Top quartile† 2.73 (1.94–3.84) 2.07 (1.45–2.97) 1.40 (1.19–1.66) per 1 SD†

Visser, 1999 (77) American men 7,938 2.20 – – 1.41 (1.17–1.69) per 0.1
American women 8,678 2.20 – – 1.21 (1.07–1.37) per 0.1

Yamada, 2001 (78) Japanese adults 6,107 0.11 – – 1.29 (1.13–1.46) per 1 SD†

Studies are listed in alphabetical order. Numbers separated by a slash denotes values in males/females in total population. Non-adjusted odds ratios and odds ratios

adjusted exclusively for age and/or sex were classified as ‘Least adjusted’; Odds ratios adjusting for any cardiovascular risk factor were classified as ‘most adjusted’.

*Median values reported.
†Exact value not reported.
‡Studies that did not use a common obesity cut-off value: Gentile (2010) (38) used BMI 19–25 vs. 29–42 kg m-2 and WC 66–84 vs. 94–118 cm, Mora (2006) (67) used <21.9

vs. >29.3 kg m-2, Lin (2010) (64) used BMI 24 kg m-2 and WHR 0.90/0.85, and Thompson (2011) (76) used WC 85/80 cm, Lambert (2008) (84) used 21 kg m-2 (9 years),

25.2 kg m-2 (13 years), 27.6 kg m-2 (16 years), Vikram (2003) (11) used 23.10 kg m-2, Visser (2001) (86) used 23.66/24.52 kg m-2, otherwise studies did not report a cut-off

value.
§Reflective of an incremental increase in measure of obesity.

BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; WC, waist circumference; WHR, waist-hip ratio.
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Americans/Europeans and Asians, in the association
between obesity and CRP are needed to elucidate the
pathophysiological mechanisms leading to our observed
ethnic differences.

Our results suggest that young, obese children experi-
ence increased levels of CRP compared with children who
are not obese, and that there is no discernible sex differ-
ence in this association. Childhood obesity is associated
with increased morbidity and mortality in adulthood (31).
Recently, body fatness in childhood was found to be a
major predictor of CRP in young adulthood (32).
Although we found no study that specifically examined
sex differences in children, our results may be reflective of
a parallel inflammatory response to obesity in boys and
girls which subsequently diverge upon the onset of
puberty. Changes in body composition and endocrine
function that accompany puberty, such as an increased
body fat and oestrogen secretion in females, may explain
the lack of sex difference among our prepubertal popula-
tions. Oestrogen, for example, has been implicated in the
transcriptional control, clearance and cytokine regulation
of CRP (33,34). Further research is needed to understand
the mechanisms responsible for exacerbating inflamma-
tion in obese boys and girls.

There is growing interest in interventions that can lower
CRP levels in overweight and obese people. In a systematic
review, researchers have found for every 1 kg loss of weight
in adults obtained through surgical, lifestyle, dietary or
exercise interventions the mean change in CRP level was
-0.13 mg L-1 (35). Weight loss could directly lead to reduc-
tions in CRP levels by reducing the excess lipids stored in
adipocytes, which are hypertrophied in obesity (36). The
independent effect of physical activity has also been sys-
tematically examined, in which chronic physical activity
has been associated with reduced CRP even after adjusting
for measures of obesity. Multiple mechanisms have been
suggested, including modification of cytokine production
from skeletal muscles, endothelial and blood mononuclear
cells, improved endothelial function and insulin sensitivity,
and an antioxidant effect (37).

Our review has a number of potential limitations. First,
the cross-sectional design of included studies prevents us
from drawing causal inferences about the association
between obesity and CRP levels. We are aware of only one
prospective study which found an independent association
between longitudinal estimates of weight gain and elevated
CRP (38). However, recent reciprocal Mendelian randomi-
zation studies have shown promising evidence that adipos-
ity causally influences circulating CRP levels and not vice
versa (39,40). Second, our ethnic comparisons may be
biased due to documented differences in BMI, WC and
WHR between American/European and Asian populations.
However, our comparison of associations, in which mag-
nitudes depend on both the measure of obesity and level of

CRP, should be minimally affected from the different BMI,
WC and WHR between ethnic groups. Third, anthropo-
metric measures of obesity have limited diagnostic capacity
for body fatness in both adults and children, and may result
in the misclassification of patients with high CRP levels
(41–45). However, the ease of measuring BMI, WC or
WHR and the lack of reliable methods for measuring
body composition (6) leave us with BMI, WC and WHR as
the predominant measures of obesity in research (32).
Studies that use bioelectrical impedance, dual energy X-ray
absorptiometry scanning and magnetic resonance imaging
methods to measure body composition, however, have
reported associations between obesity and CRP that are
consistent with our conclusions (18,25,46). Fourth, the
limited numbers of studies in each subgroup analyses,
which have restricted our scope of sex and ethnic compari-
sons, may also underestimate the between-study variance
of our pooled estimates. However, we achieved a high
degree of homogeneity within subgroups by grouping
studies according to measure of obesity, sex, ethnicity, loga-
rithmic transformation of CRP and type of correlation
coefficient. Finally, measures of publication bias could not
be reasonably estimated due to the limited amount of
studies in each subgroup analyses. Publication bias is an
inherent limitation to virtually all meta-analyses.

Conclusion

Obesity is associated with elevated levels of CRP. This
association is stronger in women than in men and in North
Americans/Europeans compared with Asians. The imple-
mentation of sex-specific CRP cut-offs might be considered
for improving CVD risk assessment conducted in North
American or European populations. We further recom-
mend that current CVD risk prediction models that are
considering the incorporation of CRP to provide risk
assessment methods that account for the sex-specific asso-
ciations between measures of obesity and CRP. In addition,
we did not find the association between obesity and CRP to
be different between male and female children. Currently,
the pathophysiology leading to sex and ethnicity differ-
ences in the association between obesity and CRP in adults
are not well understood. The absence of such sex difference
in childhood and its emergence in adulthood could indicate
a hormonal role.
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Appendix

Figure A1 Sex difference in Pearson coefficient estimates from studies linking BMI and ln(CRP) in children of North American/European populations.
Error bars indicate 95% CIs. Negative value indicates stronger correlation in girls.
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Table A1 Search strategies

MEDLINE (until 3 October 2011)

1. C-reactive protein[MeSH]
2. CRP [Text Word]
3. C reactive protein[Text Word]
4. 1 or 2 or 3
5. Obesity[MeSH]
6. Body mass index[Text Word]
7. BMI[Text Word]
8. Waist circumference[Text Word]
9. Waist-hip ratio[Text Word]

10. Overweight[Text Word]
11. Body fat[Text Word]
12. Central fat[Text Word]
13. Adipose tissue[Text Word]
14. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13
15. 4 and 14
16. Limit 15 to yr=“1966 to 2012”
17. Limit 16 to English

EMBASE (until 3 October 2011)

1. C-reactive protein/
2. CRP.mp
3. C reactive protein.mp
4. 1 or 2 or 3
5. Obesity/
6. Body mass index.mp
7. BMI.mp
8. Waist circumference.mp
9. Waist-hip ratio.mp

10. Overweight.mp
11. Body fat.mp
12. Adiposity.mp
13. Fat.mp
14. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13
15. 4 and 14
16. Limit 15 to yr=“1966 to 2012”
17. Limit 16 to English

Google Scholar (until 3 October 2011)

1. C-reactive protein.ti
2. Obesity.ti
3. Abdominal adiposity.ti
4. Body mass index.ti
5. BMI.ti
6. Waist circumference.ti
7. Fat.ti
8. Limit 15 to yr=“1990 to 2012”
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Table A2 Characteristics of study sample

First author, year

(Reference)

Population Participants,

n

Women,

%

Mean age,

year

Mean BMI,

kg m-2

Mean WC,

cm

Mean

WHR

Mean CRP (SD), mg L-1

Adults

Araujo, 2004 (47) Brazilians 684 57 40.6 26.15/26.33 – – 1.4 (0.1)/1.7 (0.1)

Arena, 2006 (48) Americans 165 45 51.2/49.6 25/25.5 – – 0.63 (0.44)/0.86 (0.67)

Aronson, 2004 (49) Israelis 1,929 37 50 – – – –

Assoumou, 2011 (50) French elderly 921 60 65.6 25.94/24.9 – 0.93/0.84 2 (1–3.7)/2 (1–4)*

Choi, 2006 (51) Koreans 1,224 40 18–64† 24/22.9 84.8/78.1 – 0.6 (0.3–1.3)/0.4 (0.2–0.9)*

Connelly, 2003 (52) Canadian Aboriginal 512 56 35.9/35.9 26.7/29.1 99.1/104 0.97/0.96 4.17 (7)/5.62 (5.8)

Doumatey, 2010 (53) West Africans 247 66 49.62/46.19 25.9/29.03 – 0.89/0.86 0.42 (0.83)/0.54 (1.31)

Doumatey, 2010 (53) African–Americans 315 53 46.5/46.18 29.04/30.64 – 0.91/0.85 0.54 (1.28)/0.81 (1.2)

Dupuy, 2007 (54) French elderly 1,709 62 69.3 – – – 1.63/1.61*

Festa, 2001 (46) Americans 1,559 55 55.7/55.6 28.6/30.2 97.2/90.5 0.94/0.83 2.73/5.24

Frohlich, 2000 (55) Germans 1,703 56 43.5 25 – – 3.15 (7.4)

Garcia-Lorda, 2006 (56) Spaniards 1,157 56 44.83 26.83/26.07 92.46/82.44 – 1.58 (3.1)/1.64 (3)

Gentile, 2010 (38) Italian women 390 100 63.1 28 90.3 – 2.6

Hak, 1999 (57) Dutch women 186 100 50.9 24.9 81.5 0.77 0.68 (0.33–1.44)*

Hoekstra, 2005 (58) Dutch elderly 605 48 73.2/74.1 25.4/26.5 – – 2.4 (1.2–4.7)/2.1 (1.0–3.8)*

Hung, 2008 (59) Australians 4,009 56 50.2/50.2 26.5/25.6 – 0.93/0.79 1.3 (3.39)/1.6 (3.46)

Jeemon, 2011 (60) Indians 600 49 39.8/38.5 22.5/23.6 82.5/77.9 – 1.1 (0.4–2.1)/1.2 (0.3–3.1)*

Kim, 2008 (61) Koreans 160 76 41.3 26.14/25.12 – 0.94/0.88 0.07 (0.04–0.16)/0.05 (0.03–0.11)*

Lear, 2003 (26) Canadians 182 54 36.7/41.3 24.4/25.2 84.5/78.5 0.87/0.78 0.48/0.44*

Lee, 2009 (62) Koreans 4,923 54 20–75† 24.7/23.2 – – 0.76 (2.48)/0.49 (2.6)

Lim, 2006 (63) Koreans 9,773 53 52.2 24.2/24.9 83.7/81.8 0.9/0.87 1.88 (1.77)/1.75 (1.67)

Lin, 2010 (64) Taiwanese 1,669 52 40–88† – – – –

Marsland, 2010 (65) Americans 645 52 44.65 27.16 91 – 1.65 (1.79)

McDade, 2008 (66) Filipino women 1,875 100 47.7 24.3 81.1 – 0.9 (0.3–2.8)*

McDade, 2009 (10) Filipino 1,648 44 20.9 21.1/20.3 72.2/68 – 0.3 (0.1–0.9)/0.2 (0.1–0.9)*

Mora, 2006 (67) American women 27,158 100 54.7 25.9 – – 2 (0.8–4.4)

Nakamura, 2008 (12) Japanese 628 58 40/45 22.8/21 82/76.7 – 0.4 (2.7)/0.3(2.5)

Nakanishi, 2005 (68) Japanese 1,703 58 56.1/55.8 23.6/22 – – 0.53 (0.28–1.03)/0.32 (0.2–0.61)*

Panagiotakos, 2005 (13) Greek 3,042 50 46/45 27.4/25.3 98/84 – –

Piche, 2005 (69) American women 112 100 57 28.6 92 – 2.32 (2.27)

Rogowski, 2010 (70) Israelis 12,072 36 44 – – – –

Rohde, 1999 (71) American men 1,172 0 40–84† – – – 2

Ryu, 2005 (72) Koreans 202 63 64.8/65 24.3/24.9 – – 2.4 (3.9)/1.6(2.3)

Saito, 2003 (73) Japanese 1,053 62 69/67.6 23.2/23.8 – – 1/0.8

Saito, 2007 (74) Japanese 12,284 58 64.9/62.9 23.5/23.1 – – 0.6 (0.3–1.31)/0.45 (0.22–0.94)*

Snodgrass, 2007 (75) Russian Aboriginals 141 60 31/32.3 23/24.7 82.2/78.4 – 1.72 (2.39)/1.34 (1.55)

Thompson, 2011 (76) Mongolians 2,589 59 20+† – – – –

Visser, 1999 (77) Americans 16,616 52 17+† – – 0.95/0.86 –

Yamada, 2001 (78) Japanese 6,107 63 30+† – – – 0.83 (3.6)/0.59 (2.7)

Yudkin, 1999 (79) Americans 107 45 59 25.9 – 0.86 1.35 (0.57–2.18)*

Children

Al-isa, 2010 (80) Kuwaiti children 774 59 14.5 26.4/25.6 – 0.81/0.76 3.3 (4.7)/0.24 (4.9)

Caserta, 2010 (81) Italian children 575 50 11–13† 21/21* 78/78* – 0.54 (0.24–1.44)/0.33 (0.16–0.80)*

Ford, 2003 (82) American children 2,846 48 10.1/10.5 – – – 1.4 (0.2)/1.7 (0.2)

Kong, 2008 (83) Chinese children 2,102 54 16* 20.3/19.7 71.3/65.8 0.79/0.74 0.34 (0.17–0.77)/0.23 (0.13–0.59)*

Lambert, 2008 (84) Canadian children 1,882 52 9–16† 20.3/20.2 – – 0.2/0.3*

Lazarou, 2010 (8) Cypriot children 83 49 9.2 – – – 1*

Thomas, 2008 (85) Welsh children 164 54 12.9/12.9 20.8/21.1 69.8/65.2 – 1.07 (1.33)/1.24 (1.87)

Vikram, 2003 (11) Indian children 377 12 18.2/16.9 20.1/19.9 70.6/68.2 0.82/0.77 0.5/0.4*

Visser, 2001 (86) American children 3,512 51 12 19.7/20.1 –

Warnberg, 2006 (87) Spanish children 472 47 15.28/15.24 20.13/20.42 72.6/68.9 0.81/0.75 –

Wu, 2003 (9) Taiwanese children 835 51 13.3 21/20.6 68.4/63.1 0.78/0.71 0.301/0.188*

Yoshida, 2006 (88) Japanese children 568 40 9.2 – – – 1.08 (1.5)/0.82 (1.28)

Studies are listed in alphabetical order. Numbers separated by a slash denotes values in males/females in total population.

*Median values (IQR) reported.
†Age range reported.

BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; WC, waist circumference; WHR, waist-hip ratio.
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