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OBJECTIVEdThere has been growing evidence that inflammatory markers play a role in the
development of type 2 diabetes. We aimed to systematically review prospective studies on the
associations of elevated levels of interleukin-6 (IL-6) and C-reactive protein (CRP) with increased
risk of type 2 diabetes by conducting a meta-analysis.

RESEARCH DESIGNANDMETHODSdA systematic search of the PubMed, EMBASE,
ISI Web of Knowledge, and Cochrane Library databases up until 10 February 2012 was con-
ducted to retrieve prospective studies matched to search terms. We used generalized least-
squares trend estimation to assess dose-response relationships. The summary risk estimates were
pooled using either fixed-effects or random-effects models to incorporate between-study varia-
tion.

RESULTSdThe meta-analysis, including 10 prospective studies, with a total of 19,709 par-
ticipants and 4,480 cases, detected a significant dose-response association of IL-6 levels with type
2 diabetes risk (relative risk [RR] 1.31 [95%CI 1.17–1.46]). For CRP, themeta-analysis involving
22 cohorts, with a total of 40,735 participants and 5,753 cases, showed that elevated CRP levels
were significantly associated with increased risk of type 2 diabetes (1.26 [1.16–1.37]), with the
absence of publication bias. Sensitivity and subgroup analyses further supported the associa-
tions.

CONCLUSIONSdThis meta-analysis provides further evidence that elevated levels of IL-6
and CRP are significantly associated with increased risk of type 2 diabetes.

Diabetes Care 36:166–175, 2013

The rapid worldwide increase in the
prevalence of type 2 diabetes has
become a serious public health prob-

lem (1). Type 2 diabetes may be accom-
panied by long-term microvascular and
macrovascular complications, which
lead to both morbidity and mortality
(2). In addition, as many as one-third
of individuals with type 2 diabetes are
undiagnosed. However, accumulating

evidence shows that inflammation may
play a crucial intermediary role in the
pathogenesis of type 2 diabetes, thus re-
lating diabetes to a number of commonly
coexisting conditions thought to origi-
nate via inflammatory mechanisms (3).
In this regard, more recent data suggest
that interleukin-6 (IL-6) and C-reactive
protein (CRP) are associated with type 2
diabetes (4–10). IL-6, a pleiotropic

proinflammatory cytokine, is produced
by a variety of cells, including activated
leukocytes, endothelial cells, and adipo-
cytes (11). CRP is an acute-phase plasma
protein synthesized by the liver and has
been shown to be a sensitive, systemic
biomarker of inflammation (3). The sta-
bility of this protein during long-term fro-
zen blood storage and the availability of
inexpensive, precise, and standardized
assays have assisted studies of CRP (12).

One potential implication of the
many studies suggesting a relation be-
tween inflammation and diabetes is that
inflammatory markers may be used to
refine diabetes risk prediction and thus
better target individuals for lifestyle inter-
ventions. However, the results reported
on the association between IL-6 and di-
abetes risk have varied across studies (13–
16). To date, no systematic review has
been performed to evaluate the available
evidence on the association of IL-6 levels
with the risk of type 2 diabetes. Two pre-
vious meta-analyses evaluating the asso-
ciation of CRP and diabetes risk have
yielded contradictory results. One previ-
ous meta-analysis (17) suggested that a
positive association exists between CRP
and diabetes risk. In contrast, another
meta-analysis (18) concluded that CRP
may not be an independent risk factor
for the development of diabetes.

The objective of the current studywas
to estimate the magnitude of the relation-
ships between IL-6 and CRP levels and
the risk of type 2 diabetes in prospective
studies and to quantify these relationships
in a meta-analysis.

RESEARCH DESIGN AND
METHODS

Search strategy
We conducted the present meta-analysis
in accordance with the guidelines of the
Meta-analysis of Observation Studies in
Epidemiology Group (19). A systematic
literature search was performed to iden-
tify all studies published before 10 Febru-
ary 2012 that investigated the association
between inflammatory markers and
the risk of type 2 diabetes. Electronic
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databases, including PubMed, EMBASE,
ISI Web of Knowledge, and the Cochrane
Library, were explored using a combina-
tion of the following terms: inflammation,
inflammatory markers, inflammatory bio-
markers, inflammatory mediators, inflam-
matory cytokines, C-reactive protein, CRP,
interleukin 6, IL-6, type 2 diabetes, T2D,
type 2 diabetes mellitus, T2DM, diabetes
mellitus, DM, and diabetes. Studies written
in all languages without any special restric-
tion were included. We found additional
articles through a manual search of the ref-
erence lists of prior meta-analyses and re-
views.

Study selection
We included only prospective studies that
reported original data relevant to measur-
ing the increased risk for type 2 diabetes
associated with elevated levels of IL-6 and
CRP. A study was considered eligible for
inclusion if the study design was a pro-
spective cohort study, a case-cohort
study, or a nested case-control study. In
these studies, participants were excluded
on the basis of having previously had
diabetes recorded and a follow-up dura-
tion of ,1 year. We did not select cross-
sectional studies, literature reviews, studies
on cell lines or animals, and studies of ges-
tational diabetes or type 1 diabetes.

Data extraction
A standardized data collection form was
used to extract the following information
from the published article for each in-
cluded article: first author’s name, publi-
cation year, sample size, study design,
mean (SD) for IL-6 and CRP levels, geo-
graphic location of participants, mean
age, race/ethnicity, duration of follow-
up, proportion of women, outcome as-
sessment, reported relative risks (RRs) or
hazard ratios (HRs) of type 2 diabetes and
the corresponding 95% CIs, statistical ad-
justment for the major confounding fac-
tors, and statistical methods used for the
analysis. The full text and any supplemen-
tary materials were examined for data ex-
traction. The bibliographic search and
data extraction were performed indepen-
dently by two authors (W.B. and J.L.),
and any disagreements between the two
authors were resolved by consensus
with a third investigator (L.-G.L.).

For most original studies, IL-6 and
CRP levels were classified by tertiles,
quartiles, and quintiles. For each cate-
gory, we extracted numbers of cases/
noncases, median values, RRs, and 95%
CIs. We also extracted the effect estimate

that was most fully adjusted for potential
confounders if studies reported several
multivariable-adjusted RRs.

Study quality assessment
We assessed study quality and estab-
lished a quality assessment scale accord-
ing to the Newcastle-Ottawa quality
assessment scale (Supplementary Table
1). Study quality was evaluated on the ba-
sis of selection of participants and study
design, measurement of IL-6 and CRP lev-
els, reliability of studies on outcome as-
sessment, and comparability of studies on
confounders. We assigned low-, moder-
ate-, and high-quality labels to scores of
0–2, 3, and 4–5, respectively.

Statistical analysis
The multivariable-adjusted HR or odds
ratios reported in the eligible studies were
extracted and considered directly as RR in
our analysis. RR was used to measure the
relationship between IL-6 and CRP levels
and the risk of type 2 diabetes. To
estimate dose-response associations, we
used generalized least-squares trend esti-
mation (GLST) analysis on the basis of the
methods developed by Greenland and
Longnecker (20,21) according to catego-
ries of IL-6 and CRP levels on median
dose, number of participants and cases,
and effect estimates with corresponding
standard errors. If medians for categories
of IL-6 and CRP levels were not reported,
we estimated approximatemedians by us-
ing the midpoint of the lower and upper
bounds or by using the mean if the mid-
point could not be estimated. Given the
open-ended categories, themedian values
were estimated assuming a normal distri-
bution density function (22). Further-
more, six studies reported results for
log-transformed CRP (7,13,15,23–25),
and one study did so for log-transformed
IL-6 levels (15), which could be included
in the analysis of IL-6 and CRP levels and
type 2 diabetes risk. In addition, 13 stud-
ies that reported RRs for categories of IL-6
and CRP levels were eligible for GLST
dose-response analysis. For these studies,
we estimated RR per 1 log mg/L increase
in CRP and per 1 log pg/mL increase in IL-
6 levels by regressing the natural log RRs
according to the categories IL-6 and CRP
levels, which was performed using the
GLST method.

Heterogeneity across studies was
tested using the Cochrane Q test and the
I2 test (26). Data from the studies were
combined using a fixed-effects model
or a random-effects model. In the presence

of statistically significant heterogeneity, a
random-effects model was adopted to cal-
culate the overall OR value.

To explore the source of heterogene-
ity, we first performed stratified analyses
by meta-regression, and then we conduc-
ted subgroup analyses according to loca-
tion (U.S., Europe, Asia, and Aboriginal
populations), sex (proportion of women
and two categories), the study population
(continuous and two categories), dura-
tion of follow-up (continuous and two
categories), adjustment for glycemia (ho-
meostasis model assessment [HOMA-IR],
fasting blood glucose, fasting insulin,
impaired glucose tolerance, or HbA1c)
(two categories), adjustment for waist cir-
cumference/waist-to-hip ratio (WC/
WHR) (two categories), study design
(two categories), and study quality (three
categories).

To verify the robustness of our find-
ings and explore possible sources of
statistical heterogeneity, we also per-
formed sensitivity analysis. The absence
or presence of publication bias was as-
sessed using the Begg and Egger test.
Publication bias was further assessed by
the application of contour-enhanced fun-
nel plots (27).

All statistical analyses and contour-
enhanced funnel plots were performed
using Stata 11.2 (Stata-Corp, College
Station, TX).

RESULTS

Identifying studies
We initially retrieved 3,071 citations from
the database. Of these, the majority were
excluded. After full-text review of 33
articles, 15 studies were excluded because
they were missing sufficient data, did not
report RR or HR estimates, and assessed
cardiovascular disease with type 2 diabe-
tes or genetic variants of CRP. Two studies
(18,28) were subsequently excluded be-
cause they did not report sufficient data
for using GLST dose-response analysis.
An additional three studies were included
from the bibliographies of prior meta-
analyses. Finally, the 19 remaining studies
(4–10,13–17,23–25,29–32)were included
in our meta-analysis. A flowchart present-
ing the study selection is shown in Supple-
mentary Fig. 1.

Study characteristics
Table 1 shows the characteristics of the 19
included studies of IL-6 and/or CRP levels
and the risk of type 2 diabetes. Of these,
10 studies (5,9,10,13–16,24,30,32)
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reported data on the relation of IL-6 and
type 2 diabetes, and 18 studies (4–9,13–
17,23–25,29–32) on CRP and type 2 di-
abetes. The eligible studies included 12
cohort studies, 5 nested case-control
studies, and 2 case-cohort studies. Two
studies (13,24) involved small samples
(,500 subjects). Four studies (4,8,23,30)
reported outcomes separately for men and
women.

Analysis of IL-6
Ten prospective studies (5,9,10,13–
16,24,30,32) were included in the
meta-analysis for the association of IL-6
levels with the risk of type 2 diabetes. Of
these, five included both men and women,
four consisted entirely of women, and one
consisted ofmen only. Five of these studies
were performed in the U.S., three in Eu-
rope, and two in North American Aborig-
inal populations.

The overall RR of type 2 diabetes was
1.31 (95% CI 1.17–1.46; P = 0.000) per 1
log pg/mL increment in IL-6 levels (Fig.
1), which roughly corresponds to the dif-
ference between the medians of the high-
est and the lowest tertiles of the eligible
studies. Between-study heterogeneity was
found among studies (Pheterogeneity =
0.066; I2 = 42.5%).

Sensitivity and subgroup analysis
A sensitivity analysis was performed to
confirm the robustness of our findings.
We recalculated the pooled risk estimates
for the remainder of the studies by omitting
one study at a time, which resulted in little
change of the observed risk estimates from
1.28 (95% CI 1.14–1.41) to 1.34 (1.20–
1.19). Furthermore, we also recalculated
the pooled RR of type 2 diabetes using a
fixed-effects model instead of a random-
effects model, which yielded an RR of 1.29
(1.19–1.39), which was not significantly
different from the original risk estimate. In
addition, excluding two small studies
(13,24) did not appreciably change the
pooled RR (1.35 [1.23–1.47]) of type 2 dia-
betes, but between-study heterogeneity
was significantly decreased (I2 from 42.5 to
13.7%) with the removal of the two studies.

To test the robustness of our results,
we conducted subgroup analyses. Figure
2 shows the results of the analyses of all
subgroups at the IL-6 level. The associa-
tion between elevated levels of IL-6 and
diabetes risk was consistently observed in
studies from the U.S. and Europe. How-
ever, data from two studies in Aboriginal
populations suggested that IL-6 did not
predict diabetes (RR 0.92 [95% CI 0.72–
1.19]; P = 0.531). In subgroup analyses by

sex, IL-6 was significantly associated with
an increased risk of diabetes in both
women and men.

We also performed subgroup analyses
bywhether or not a study adjusted forWC/
WHR or glycemia. In the studies that
adjusted for glycemia, the relationship
remained significant but slightly attenuated
(RR 1.24 [95% CI 1.08–1.43]; P = 0.002).
In studies that adjusted forWC/WHR, IL-6
levels were not associated with diabetes
risk (1.25 [0.82–1.92]; P = 0.303). How-
ever, after excluding the two low-quality
studies, the relationship remained signifi-
cant (1.82 [1.29–2.56]; P = 0.001).

Regardless of two small studies, the
association between IL-6 and risk of type
2 diabetes was not substantially modified
by follow-up length, study quality, and
study design.

Analysis of CRP
Eighteen prospective studies (4–9,13–
17,23–25,29–32) were included in the
meta-analysis for the associations of CRP
levels with type 2 diabetes. Three studies
consisted entirely of men, three of women
only, and twelve of bothmen andwomen.
Four studies (4,8,23,30) reported data
separately for men and women, and our
analyses of CRP therefore included a total

Figure 1dForest plot of prospective studies examining IL-6 level and risk of type 2 diabetes. F, female; M, male.
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of 22 cohorts. Of these, nine cohorts were
conducted in the U.S., four in Asia, seven
in Europe, and two in North American
Aboriginal populations. On the basis of
22 cohorts, the overall RR of type 2 dia-
betes was 1.26 (95% CI 1.16–1.37; P =
0.000) per 1 log mg/L increment in CRP
levels (Fig. 3). Substantial between-study
heterogeneity (Pheterogeneity = 0.000; I2 =
63.9%) was found in the analysis.

Sensitivity and subgroup analysis
A sensitivity analysis was conducted,
which yielded a range of RRs from 1.20
(95% CI 1.13–1.27) to 1.28 (1.17–1.39).
The analysis indicated that one study (32)
had a substantial influence on between-
study heterogeneity. Although the mag-
nitude of the association was not
significantly changed (1.20 [1.13–1.27]),
between-study heterogeneity was signifi-
cantly decreased (I2 from 63.9 to 23.2%)
with the removal of that study (32). Re-
stricting analyses to high- and average-
quality studies did not appreciably change
the results (1.28 [1.18–1.40]).

To further confirm our results, we con-
ducted stratified analyses. Supplementary

Fig. 2 shows the results of the analyses of
all subgroups at the CRP level. The asso-
ciation between CRP and diabetes was
consistently observed in the U.S., Europe,
and Asia, but not in Aboriginal popula-
tions. The associations remained signifi-
cant but attenuated in studies adjusted
for glycemia or WC/WHR.

Notably, stratification by sex revealed
that elevated levels of CRP were associ-
ated with an increased risk of diabetes
in women and men. However, for the
subgroup, in women, significant het-
erogeneity existed between studies
(Pheterogeneity = 0.000; I

2 = 85.7%). In con-
trast, for the subgroup, in men, no het-
erogeneity was observed between studies
(Pheterogeneity = 0.685; I2 = 0.0%). One
study from the subgroup was adjusted
only for age and BMI in women (8). Ex-
cluding that study did not appreciably
change the results of the subgroup in
women.

Except for two small studies, the
association between CRP and the risk of
type 2 diabetes was not substantially
modified by follow-up length, study qual-
ity, and study design.

Associations of IL-6 and CRP with
type 2 diabetes
To further determine whether IL-6 is
more strongly associated with type 2
diabetes than CRP, we also conducted a
subgroup analysis for the results of IL-6
and CRP arising from the same studies.

A total of 10 cohorts reported simul-
taneous IL-6 and CRP levels in the same
studies. Pooled RRs of type 2 diabetes
were 1.33 (95% CI 1.17–1.51) for IL-6
and 1.28 (1.09–1.51) for CRP.

Study quality and publication bias
According to study quality, we performed
subgroup analyses (Fig. 2 and Supple-
mentary Fig. 2). IL-6 and CRP were sig-
nificantly associated with type 2 diabetes
in high- and average-quality studies, but
not in low-quality studies.

The Begg (P = 0.350) and Egger test
(P = 0.422) suggested the absence of pub-
lication bias in the analysis relating IL-6 to
type 2 diabetes. Visual inspection of con-
tour-enhanced funnel plots (Supplemen-
tary Fig. 3) did not result in the
identification of substantial asymmetry.
For the relation of CRP and diabetes, con-
tour-enhanced funnel plots (Supplemen-
tary Fig. 4) were symmetrical, and neither
the Begg (P = 0.063) nor the Egger test
(P = 0.149) suggested publication bias.

CONCLUSIONSdThe present meta-
analysis of prospective studies suggests a
significant association of elevated levels
of IL-6 and CRPwith type 2 diabetes risk.
Our findings further support the hy-
pothesis that chronic inflammation
is a predictor of type 2 diabetes develop-
ment.

In subgroup analyses, the associa-
tions of IL-6 and CRP with diabetes
were not substantially changed by geo-
graphic region, with the exception of
Aboriginal populations. In view of only
two small studies involving these popu-
lations, further studies will be required to
confirm these data in Pima Indians/Ab-
original Canadians.

Differences between sexes in the di-
abetes risk associated with inflammatory
markers have been reported (8,28,30).
Two studies in Japanese subjects showed
that CRP was significantly associated with
type 2 diabetes risk in both men and
women (4,23). Consistent with this, our
results of stratification by sex demon-
strated that elevated IL-6 and CRP levels
were predictors of the development
of type 2 diabetes in both men and
women. Of note, in the analysis of CRP,

Figure 2dAnalyses of subgroups relating IL-6 to type 2 diabetes. For sex (proportion of women),
sample size, and duration of follow-up, the P value was obtained by modeling these variables as
continuous variables in meta-regression analysis.
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stratification by sex showed substantial
between-study heterogeneity in the sub-
group when only women were included,
but no between-study heterogeneity in
the subgroup when only men were in-
cluded.Wemade an attempt to determine
the reason by examining those studies in
women. First, there was a wide range of
RRs for diabetes among those studies
from the subgroup in women. Second,
excluding one study (8) that adjusted
only for age and BMI did not appreciably
change the results. Moreover, the lack of
adjustment for hormone replacement
therapy in some studies might have con-
founded results among women. Two of
the studies in women (5,32) demon-
strated that CRP was more strongly asso-
ciated with type 2 diabetes, but those two
studies adjusted for being postmeno-
pausal with hormone replacement ther-
apy. Therefore, it remains unclear
whether it is a reflection of a different con-
founding in those studies in women or

whether it is a change in CRP levels of
the biological process in women.

Some studies observed no significant
associations between IL-6 and CRP levels
and type 2 diabetes after adjusting for BMI
or WC/WHR (13,18). Although the RRs
adjusted for BMI in the original studies
were used in our analyses, our findings
showed significant associations. The asso-
ciation of CRP with diabetes remained
significant but attenuated in the studies
that adjusted for WC/WHR. For IL-6, af-
ter excluding the two low-quality studies,
the relationship also remained signifi-
cant. This finding suggests that although
there may be complex interrelationships
between adiposity, inflammation, and di-
abetes, the associations between inflam-
matory markers and diabetes risk cannot
be explained fully by adiposity.

Stratified analyses also showed that
the magnitude of associations between
IL-6 and CRP and diabetes remained
statistically significant but were slightly

attenuated in the studies that adjusted for
glycemia. It is possible that inflammation
directly causes elevations in blood glu-
cose and/or insulin resistance and sub-
sequent diabetes. In the past decade, the
role of inflammatory markers in the de-
velopment of type 2 diabetes has been
increasingly recognized. However, the
biological mechanisms through which
the levels of IL-6 and CRP increase the
risk of type 2 diabetes are not well un-
derstood. Potential environmental trig-
gers such as infection, chemicals, and
overnutrition can be detected through a
series of sentinel cells, which are a major
component of innate immunity (33). On
and in sentinel cells, a variety of germ
line–encoded pattern recognition recep-
tors recognize and bind potentially harm-
ful substances, which activates signaling
pathways and releases proinflammatory
cytokines mainly including IL-6 and tu-
mor necrosis factor-a (34). IL-6 may con-
tribute to the pathology and physiology of

Figure 3dForest plot of prospective studies examining CRP level and risk of type 2 diabetes. F, female; M, male.
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type 2 diabetes through its interaction
with insulin-signaling pathways and
b-cell function (35). In addition, IL-6
stimulates the production of CRP (34).
In the current study, our findings showed
that IL-6 was more strongly associated
with type 2 diabetes than CRP. Subgroup
analyses for the results of IL-6 and CRP
arising from the same studies further
provided a more direct comparison of
the associations. This further supports
the notion that CRP is more likely to
be a downstream intermediate rather
than a true causal intermediate (36). Fur-
thermore, the recent Mendelian random-
ization studies by Brunner et al. (37)
failed to demonstrate a causal role be-
tween CRP levels and diabetes.

In contrast to previousmeta-analyses,
first, the current study simultaneously
explored the relationships between the
two inflammatory cytokines IL-6 and
CRP and type 2 diabetes risk. This may
provide more complete evidence for the
notion that IL-6 and CRP are etiologically
involved in the pathogenesis of diabetes.
Second, due to the addition of recent
studies, our analysis included 22 cohorts,
involving 40,735 participants and 5,753
cases, and used GLST analysis to evaluate
the dose-response relationships. In con-
trast, one previous meta-analysis that in-
cluded 16 studies was performed by the
conversion of estimates into thirds of
the CRP distribution (18). Another
meta-analysis included 10 studies and
synthesized estimates by different CRP
distributions (17). Third, the current
study, including 10 prospective studies
with a total of 19,709 participants and
4,480 cases, provided for the first time,
to our knowledge, pooled estimates of
the association of elevated IL-6 levels
with diabetes risk. Previous meta-analyses
have focused solely on the relationship
between CRP and type 2 diabetes. Finally,
we used the same method to explore the
associations of levels of IL-6 and CRP
with type 2 diabetes risk, which allowed
us to better compare the magnitude of
the associations with the risk of type 2
diabetes between IL-6 and CRP levels.

Limitations of the current study
should be addressed. The primary limita-
tion is that the methods used to diagnose
diabetes were different in each study. For
example, the oral glucose tolerance test
retains a higher sensitivity when com-
pared with FPG only. FPGwas used as the
onlymethod for the screening of diabetes,
which does not seem to show high
enough sensitivity in obese subjects

(38). Misclassification of diabetes cases
is inevitable. These misclassifications
could weaken the association obtained
in our findings. Furthermore, the adjust-
ments for potential confounders differed
in the original studies. Although we used
adjusted estimates from multivariate
models from each included study in our
analyses, we cannot exclude the possibil-
ity that this aspect affected the results of
the study. Finally, we could not com-
pletely exclude the possibility that inac-
curately measured IL-6 and CRP are
partly responsible for the observed asso-
ciations.

These findings may have important
implications for the prevention and treat-
ment of type 2 diabetes. Measurements of
IL-6 and CRP in apparently healthy sub-
jects may help to identify high-risk pop-
ulations for type 2 diabetes. Lifestyle
interventions such as weight loss and
exercise can reduce serum CRP levels
and other inflammatory markers (39).
Therefore, elevated IL-6 and CRP can
also serve as a common target for lifestyle
and therapeutic interventions for type 2
diabetes. However, randomized trial data
also suggested that low-dose aspirin use
did not prevent the development of clin-
ical type 2 diabetes in women (40). Future
research for understanding the potential
causal association of inflammation with
diabetes may yield novel avenues for the
prevention and treatment of type 2 diabe-
tes. However, it remains important to fo-
cus on modifying unhealthy diet and
lifestyle factors for the prevention and
management of diabetes.

In summary, this systematic review
and meta-analysis indicates that elevated
levels of IL-6 and CRP are significantly
associated with an increased risk of type
2 diabetes. Our findings support the
concept that the pathogenesis of type 2
diabetes can be considered an autoin-
flammatory disease.
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