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Introduction
The inflammatory hypothesis states that endothelial cell 
damage promotes atherogenesis, linking the complex inflam-
matory process with cardiovascular events.1,2 Among several 
parameters of inflammation, C-reactive protein (CRP) mea-
surements have great benefits from the viewpoints of cost and 
quality. Considerable evidences, including data from clinical 
intervention trials, also confirm that CRP measurements are 
useful for identifying individuals at high risk for cardiovascu-
lar disease (CVD).3,4

To date, a meta-analysis has documented strong evidence 
for adding CRP measurements to the measurement of traditional  

risk factors for predicting coronary heart disease (CHD). The 
prediction model that included CRP levels indicated a better 
fit in comparison with a common model using the Framing-
ham risk score. A US clinical guideline concluded that CRP 
assessment was beneficial in a clinical setting for detecting 
high-risk individuals.3

Regardless of such a favorable recommendation, aggre-
gated evidence is lacking for Asian individuals. In particular, 
East Asian populations have low levels of CRP and lower rates 
of CHD5,6 compared with Western populations.7 The meta-
analysis included some Asian cohorts, but the overall analysis 
concealed the Asian characteristics when the data were pooled. 
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The difference in CRP levels among varied ethnic groups was 
substantial; therefore, it may not be acceptable to apply the 
findings from most Western countries to Asian individuals.

Methods
Data sources and searches. We searched the PubMed 

database for prospective cohort studies of CRP and CVD 
between 1966 and September 2014 with the following MeSH 
terms: C-reactive protein, cohort studies, cardiovascular dis-
eases, and Far East. Publications were limited to those writ-
ten in English. We also examined recent articles published in 
2014 from a search of Google Scholar (n = 270).

Study selection. Inclusion criteria for this analysis were as 
follows: (1) cohort study, including nested case–control study, 
(2) community-based study in East Asian countries (China, 
Hong Kong, Japan, Korea, Macao, Mongolia, and Taiwan), 
and (3) study to estimate the association between CRP and 
CVD outcomes in adults, defined as incidence or mortality 
with long-term follow-up. All studies were required to measure 
standardized CRP by immunoassay. We excluded studies car-
ried out in clinical settings to evaluate the prognosis of diseases 
or the effect of medications and studies that were conducted 
with Asian immigrants in the US or other Western countries.

Data extraction and quality assessment. Three research-
ers evaluated articles in accordance with the inclusion criteria 
mentioned above. First, after skimming the title and abstract 
of articles retrieved from the database search, the researchers 
initially selected the primary articles. Second, potential articles 
for meta-analysis were retrieved on the basis of evaluation of 
the full text of the paper. Quality assessment was carried out 

based on the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement.8 All the 
selected articles adequately defined outcomes and mentioned 
the study design, and each had a sufficient follow-up period.

Data synthesis and analysis. Most studies provided haz-
ard ratios or odds ratios for stroke, CHD, and CVD outcomes 
grouped in accordance with tertiles, quartiles, or quintiles 
of CRP distribution after adjustment for established CVD 
risk factors. Although cut-off points differed among studies, 
we used the risk ratios published in the articles because they 
appeared to be similar among homogeneous Asian popula-
tions. When studies provided only sex-specific associations, 
we calculated summarized risk ratios that combined both 
sexes using the fixed-effect model in each study.

We calculated the I2 statistics to evaluate the statistical 
heterogeneity among the studies. We used random-effect meta-
regression to evaluate the overall association between CRP and 
CVD and presented risk ratios and 95% confidence intervals (CIs) 
stratified by outcomes. The publication bias of selected articles 
was tested by using funnel plots and the Egger test. All analyses 
were conducted with Review Manager (RevMan) 5.0 software.

Results
Search results and study inclusion. Our searches retrieved 

208 PubMed citations and 2 Google Scholar citations. In all, 22 
of them met our inclusion criteria without duplicates (Fig. 1). 
We excluded 14 articles after a more detailed evaluation, and 
finally, 8 articles were acceptable for the meta-analysis.9–16

The remaining articles were excluded primarily because 
they described studies that were performed in a clinical setting 

210 potential citations from PubMed (n = 208)

and Google Scholar (n = 2) searches

without duplicates

188 citations were excluded for the following

reasons:

- In a clinical setting

- Association between CRP and CVD was not

  mainly observed

- Cross-sectional design

- Different endpoint from inclusion criteria

22 papers retrieved for more detail evaluation

8 studies included for systematic review

14 papers were excluded for the following reasons:

- Did not access full text (n = 1)

- Study was conducted for immgrants (n = 1)

- Did not provide association between CRP

  and cardiovascular endpoints (n = 9)

- Cross-sectional study (n = 1)

- Insufficient data (n = 2)

Figure 1. Flow of study selection.
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d)(n = 91). The aim of studies was not different from this review 
purpose (n = 85). The study outcomes were not CVD onset 
or mortality, or the study design was cross-sectional (n = 12). 
Though two studies met the inclusion criteria, it was difficult 
to include them in the meta-analysis, because one was con-
ducted only in men17 and another large population study used 
a different cut-off point for CRP compared with the other 
studies, and the distribution of CRP and the incidence of 
stroke were heterogeneous.18

Of the selected articles, 5 were about the Japanese,  
1 about the Chinese, 1 about the Taiwanese, and 1 about the 
Korean population (Table 1). Of these studies, three provided 
sex-specific risk ratios for CVD, which were combined into a 
risk ratio for both sexes with a fixed-effects model.

CRP levels among populations. Figure  2  shows the 
CRP levels (median/geometric mean) among the populations 
we included for meta-analysis. Most median levels of CRP 
were very low (less than 1 mg/L).

CRP and CVDs outcomes. The overall association 
between elevated CRP levels and stroke was significant using 
the random-effects model with the six stroke studies (risk 
ratio = 1.39 [95% CI, 1.09–1.77], P = 0.008) (Fig. 3). We did 
not find significant heterogeneity of effect among the stud-
ies (I2  =  32%, P  =  0.19). Only one study measured mortal-
ity as an outcome, but the association was unchanged if the 
study was excluded from the analysis. Regarding CHD, the 
random-effects association was not significant, with wide CIs, 
when including four studies (risk ratio = 1.75 [95% CI, 0.96–
3.19], P = 0.07). There was significant heterogeneity of effect 
(I2 = 72%, P = 0.01). The risk ratio for CVD was 1.76 (95% 
CI, 1.29–2.40, P , 0.001), and we found no heterogeneity of 
effect (I2 = 49%, P = 0.14) among studies.

Of the six stroke studies, four studies that were carried 
out in Japan provided risk ratios by subtype of stroke (Fig. 4). 
The subgroup analysis revealed that the overall risk ratio of 
elevated CRP was increased primarily for ischemic stroke 
(risk ratio = 1.40 [95% CI, 1.08–1.81], P = 0.01) and was not 
increased for hemorrhagic stroke (risk ratio = 1.04 [95% CI, 
0.66–1.65], P = 0.85), although the heterogeneity of their risk 
ratios was not significant (I2 = 16.9%, P = 0.27).

Discussion
Main findings. The meta-analysis confirmed that elevated 

CRP levels were significantly associated with an increased risk 
of stroke among East Asian populations, primarily for isch-
emic stroke. The association with CHD was likely to be the 
same, though the studies were few, and it did not reach a sta-
tistically significant level (P = 0.07). Despite lower average lev-
els of CRP in Asians compared with Caucasians, individuals 
in the highest quartiles or quintiles of CRP were at increased 
risk of CVD.

Previous meta-analyses among US or European stud-
ies reported a strong association of elevated CRP levels with 
CHD, ischemic stroke, cardiovascular mortality, and death 
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Figure 2. CRP levels among selected Asian studies.

from cancer.4 The results of our systematic review were almost 
consistent with those in Caucasian populations.

Stroke is the most common disease among CVD events in 
Japan. It is well known that Japan is one of the countries with 
the highest stroke incidence, mainly because of hypertension 
and high salt intake, regardless of obesity.6 The explanations 
associated with frequent incident stroke and traditional risk 
factors and trends among Japanese adults have been reviewed 
elsewhere. Moreover, of the six studies we included in the pres-
ent analysis, four showed risk ratios by stroke subtype, ie, isch-
emic stroke and hemorrhagic stroke. The association of CRP 
was more evident for ischemic stroke and was not apparent for 
hemorrhagic stroke. The findings implied that increased CRP 
levels are linked with atherosclerosis and thrombosis that are 
closely related to obesity and the metabolic syndrome.1

Ethnic differences in CRP levels and cut-off points. 
When compared with previous findings from various stud-
ies, the level of CRP in Asian populations was approximately 
one-third of the median value in Caucasians.5 As shown 
in Figure 2, it seemed to be true that East Asian individu-
als had low levels of CRP, and that in most populations, 
the levels were less than 1 mg/L. CRP levels varied among 
East Asian populations and were relatively higher in Chinese  
individuals compared with Korean and Japanese individuals. 
Some polymorphisms were reported to determine the CRP 
concentrations in the Chinese population19,20; however, it 
was unclear why CRP concentrations were higher in Chinese 
individuals. Although CRP levels in Chinese individuals were 

still low when compared with those in Caucasians, the hetero-
geneity among Far East countries might be caused by factors 
related to genetics, lifestyle, or environmental conditions.

The majority of studies in Western countries reported 
CRP average levels more than 1  mg/L, and the levels var-
ied greatly among ethnic groups. For example, the Women’s 
Health Study reported that median CRP values in black 
women (2.96 mg/L) were significantly higher than in Hispan-
ics (2.06 mg/L), whites (2.02 mg/L), and Asians (1.12 mg/L) 
in the US.21 The Dallas Heart Study also pointed out signifi-
cant race and gender differences in the population distribution 
of CRP levels, with the highest median values in black women 
(3.5 mg/L).22

The Asian studies in the present meta-analysis set up 
quartile or quintile levels of CRP as cut-off points to evalu-
ate risk ratios for CVD, corresponding with approximately 
1  mg/L of CRP. This implied that CRP levels .1.0  mg/L 
were associated with an increased risk of CVD in the Asian 
population.18

The Multiethnic Study of Atherosclerosis (MESA) 
study investigated CRP levels across four ethnic groups living 
in the US.23 In that study, the median CRP levels of Chi-
nese men and women were 0.80 and 0.99 mg/L, respectively, 
which were roughly consistent with the baseline data we 
found in the present study. This fact indicated that CRP levels 
in Asians who live in the Far East might be essentially equal 
to those in Asians who live in the US. Therefore, CRP levels 
were greatly influenced by ethnic background, and the cut-off 
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points to detect high-risk individuals should be considered 
based on ethnicity.

Potential mechanism. It was established that CRP levels 
were closely related to obesity in various populations.24,25 
This may to a large extent explain the fact that CRP levels 
in Asians with higher BMI levels were very low in compari-
son with Caucasians with higher BMI levels. It is considered 
that adipose tissue in obesity overproduces proinflammatory 
cytokines, such as tissue necrosis factor (TNF)-α and inter-
leukin (IL)-6, which stimulate hepatic CRP production. 

Furthermore, TNF-α in adipose tissue also inhibits insulin-
stimulated autophosphorylation of the insulin receptor and 
causes insulin resistance.26 Ouchi et al suggested a mechanism 
by showing that CRP mRNA is expressed in adipose tissue and 
is inversely related to adiponectin mRNA expression.27 These 
mechanisms potentially connect obesity with increased CRP 
concentrations.

Recently, several genomic variants that reflected CRP con-
centrations were studied across ethnic groups.28,29 The contribu-
tions of these genetic variants were not large enough to explain 
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Figure 3. Risk ratios for stroke, CHD, and CVD with increased CRP levels.
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the entire difference thus far, but low CRP concentrations in 
Asia may be in part a result of the genetic variants.30

Limitations. Although this systematic review demon-
strated a significant association between CRP levels and CVD 
in Asians, several limitations should be noted. First, we cannot 
exclude a publication bias, because the funnel plot was asym-
metrical and cohort studies in Asians were very limited. In 
particular, evidence was very scant to determine an association 
with CHD events. Second, the risk ratios in each study were 
calculated with different cut-off points, which might cause bias 
in estimating the true risk ratio of elevated CRP. Pooled anal-
ysis is potentially essential to determine the cut-off point of 
CRP for CVD prevention. Third, we did not find a sex-specific 
effect of CRP, because data were not available to find it in this 
analysis. Some studies documented a difference in the effect 
between men and women, and the accumulation of further evi-
dence is desired to look at sex differences. Fourth, although 
risk ratios derived from various cohort studies were adjusted 
for established CVD risk factors, we will have to investigate 
whether adding the measurement of CRP levels is valuable in 
Asians compared with the established prediction models.31

Conclusion
Although East Asian adults had very low levels of CRP,  
a meta-analysis confirmed that elevated CRP levels were 

significantly associated with an increased risk of stroke, 
primarily ischemic stroke.

Although it is unclear whether adding CRP measure-
ments to the measurements of traditional risk factors for 
predicting CHD is beneficial for Asian individuals, original 
evidence is urgently needed.
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