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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 DESIGN AND METHODSdA systematic search of the PubMed, EMBASE,
ISI Web of Knowledge, and Cochrane Library databases up until 10 February 2012 was conducted to retrieve prospective studies matched to search terms. We used generalized leastsquares 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 variation.
RESULTSdThe meta-analysis, including 10 prospective studies, with a total of 19,709 participants 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, the meta-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 associations.
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

T

he rapid worldwide increase in the
prevalence of type 2 diabetes has
become a serious public health problem (1). Type 2 diabetes may be accompanied 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 relating diabetes to a number of commonly
coexisting conditions thought to originate 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 adipocytes (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 stability of this protein during long-term frozen 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 between inﬂammation and diabetes is that
inﬂammatory markers may be used to
reﬁne diabetes risk prediction and thus
better target individuals for lifestyle interventions. However, the results reported
on the association between IL-6 and diabetes 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 previous meta-analyses evaluating the association of CRP and diabetes risk have
yielded contradictory results. One previous 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 study was
to estimate the magnitude of the relationships 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.
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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 identify all studies published before 10 February 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 combination of the following terms: inﬂammation,
inﬂammatory markers, inﬂammatory biomarkers, inﬂammatory mediators, inﬂammatory 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 restriction were included. We found additional
articles through a manual search of the reference lists of prior meta-analyses and reviews.
Study selection
We included only prospective studies that
reported original data relevant to measuring 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 prospective 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 duration of ,1 year. We did not select crosssectional studies, literature reviews, studies
on cell lines or animals, and studies of gestational 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 included article: ﬁrst author’s name, publication year, sample size, study design,
mean (SD) for IL-6 and CRP levels, geographic location of participants, mean
age, race/ethnicity, duration of followup, proportion of women, outcome assessment, reported relative risks (RRs) or
hazard ratios (HRs) of type 2 diabetes and
the corresponding 95% CIs, statistical adjustment for the major confounding factors, and statistical methods used for the
analysis. The full text and any supplementary materials were examined for data extraction. The bibliographic search and
data extraction were performed independently 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 category, we extracted numbers of cases/
noncases, median values, RRs, and 95%
CIs. We also extracted the effect estimate
care.diabetesjournals.org

that was most fully adjusted for potential
confounders if studies reported several
multivariable-adjusted RRs.
Study quality assessment
We assessed study quality and established a quality assessment scale according to the Newcastle-Ottawa quality
assessment scale (Supplementary Table
1). Study quality was evaluated on the basis of selection of participants and study
design, measurement of IL-6 and CRP levels, reliability of studies on outcome assessment, and comparability of studies on
confounders. We assigned low-, moderate-, 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 estimation (GLST) analysis on the basis of the
methods developed by Greenland and
Longnecker (20,21) according to categories 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 approximate medians by using the midpoint of the lower and upper
bounds or by using the mean if the midpoint could not be estimated. Given the
open-ended categories, the median values
were estimated assuming a normal distribution density function (22). Furthermore, 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 studies 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 IL6 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 calculate the overall OR value.
To explore the source of heterogeneity, we ﬁrst performed stratiﬁed analyses
by meta-regression, and then we conducted subgroup analyses according to location (U.S., Europe, Asia, and Aboriginal
populations), sex (proportion of women
and two categories), the study population
(continuous and two categories), duration of follow-up (continuous and two
categories), adjustment for glycemia (homeostasis model assessment [HOMA-IR],
fasting blood glucose, fasting insulin,
impaired glucose tolerance, or HbA1c)
(two categories), adjustment for waist circumference/waist-to-hip ratio (WC/
WHR) (two categories), study design
(two categories), and study quality (three
categories).
To verify the robustness of our ﬁndings and explore possible sources of
statistical heterogeneity, we also performed sensitivity analysis. The absence
or presence of publication bias was assessed using the Begg and Egger test.
Publication bias was further assessed by
the application of contour-enhanced funnel plots (27).
All statistical analyses and contourenhanced 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 diabetes or genetic variants of CRP. Two studies
(18,28) were subsequently excluded because they did not report sufﬁcient data
for using GLST dose-response analysis.
An additional three studies were included
from the bibliographies of prior metaanalyses. Finally, the 19 remaining studies
(4–10,13–17,23–25,29–32) were included
in our meta-analysis. A ﬂowchart presenting the study selection is shown in Supplementary 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)
DIABETES CARE, VOLUME 36, JANUARY 2013
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492 subjects, 207 men
and 285 women,
Aboriginal Canadian
(86)
5,901 participants,
2,388 men and
3,513 women, the
Netherlands (544)
3,782 female subjects,
U.S. (1,584)

Ley et al.,
2008 (24)

Cohort

60

46

0

Wannamethee
3,707 male subjects,
et al., 2007 (10)
U.K. (108)

Cohort

Case cohort

Nested
case-control

Cohort

58

100

Cohort

Study design

53

Proportion
of women (%)

2,225 subjects, 1,194
men and 1,031
women, Germany
(527)

Thorand et al.,
2007 (30)

Liu et al.,
2007 (14)

Dehghan et al.,
2007 (17)

5,571 individuals,
U.S. (410)

Population (cases)

Bertoni et al.,
2010 (15)

Study, year
(reference)

5

10.8

5.9

9.8

10

4.7

Duration
(years)

Adjusted RR
(95% CI)

Per 1 log pg/mL (IL-6) 1.30 (1.09–1.55)
Per 1 log mg/L (CRP) 1.17 (1.06–1.29)

Comparison of
IL-6 and CRP

Conﬁrmed
self-report

Conﬁrmed
self-report

Conﬁrmed
self-report

Highest tertile vs.
lowest (IL-6)

Highest tertile vs.
lowest (CRP)

Highest tertile vs.
lowest (IL-6)

Highest quartile vs.
lowest (IL-6)
Highest quartile vs.
lowest (CRP)

Age, sex, DBP, SBP,
HDL-C, BMI, and
WC

Age, sex, race,
education, site,
alcohol, smoking,
exercise, SBP,
antihypertensive
medication, HOMAIR, and BMI
Age, sex, TG, HDL-C,
hypertension, WC,
and IGT

Adjustment for
covariates

Continued on p. 169

Age, race, clinic, time of
blood draw, BMI,
2.34 (1.38–3.96)
alcohol, physical
activity, smoking,
PMT, FH of diabetes,
and FG
Age, survey, smoking,
Women:
alcohol, physical
2.08 (1.23–3.51)
activity, SBP, totalMen:
to-HDL cholesterol
1.58 (1.09–2.30)
ratio, BMI, and FH of
Women:
diabetes
2.74 (1.47–5.11)
Men:
1.09 (0.71–1.66)
2.12 (1.18–3.81)
Age, social class,
physical activity,
smoking, alcohol,
use of statins, CHD
or stroke, SBP,
treatment for
hypertension, BMI,
and HOMA-IR

2.17 (1.34–3.49)

Per 1 log pg/mL (IL-6) 0.98 (0.74–1.31)
Clinical diagnosis or
FG $7.0 mmol/L or Per 1 log mg/L (CRP) 0.99 (0.77–1.26)
PG2h $11.1
mmol/L
ADA and WHO criteria Highest quartile vs.
1.73 (1.29–2.33)
lowest (CRP)

Using hypoglycemic
medication or FG
$7 mmol/L

Case subject
ascertainment

Table 1dStudy characteristics and RRs of type 2 diabetes risk associated with CRP and/or IL-6
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1,522 female subjects,
U.S. (737)

762 male subjects,
Finland (78)

1,153 individuals, 456
men and 697
women, U.S. (581)

142 subjects, 48 men
and 94 women, Pima
Indians (71)
947 subjects, 96 men
and 551 women,
Japan (122)

Hu et al.,
2004 (32)

Laaksonen et al.,
2004 (29)

Duncan et al.,
2003 (16)

Krakoff et al.,
2003 (13)

Nakanishi et al.,
2003 (23)

1,759 subjects, 694
men and 1,065
women, Japan (131)

Population (cases)

Doi et al.,
2005 (4)

Study, year
(reference)

Table 1dContinued

Nested
case-control
Cohort

58

Case cohort

60

66

Cohort

Nested
case-control

Cohort

Study design

0

100

61

Proportion
of women (%)

6.5

4.6

9

11

10

9.0

Duration
(years)

Adjustment for
covariates

1.65 (1.01–2.68)1
Highest quartile vs.
lowest (IL-6)
Highest quartile vs.
lowest (CRP)

Age, WC, FPG, PG2h,
HbA1c, and FI

Age, CVD,
socioeconomic
status, physical
activity, alcohol,
smoking, FH of
diabetes, SBP,
medication of BP,
WC, BMI, and levels
of insulin and
glucose
Age, center, sex,
ethnicity, FH of
diabetes,
hypertension, BMI,
WHR, FG, and FI
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Age, smoking, FH of
Women:
diabetes,
1.40 (1.09–1.80)
classiﬁcation of a
Men:
75-g GTT, HRT,
1.14 (0.89–1.45)
BMI, and HOMA-IR

Per 1 log pg/mL (IL-6) 0.75 (0.45–1.30)
Per 1 log mg/L (CRP) 0.96 (0.60–1.55)

1.23 (0.74–2.03)

2.30 (1.04–5.07)

Age, FH of diabetes,
Women:
TC, HDL-C, TG,
2.25 (1.01–5.01)
SBP, drinking,
Men:
smoking, physical
2.63 (1.23–5.65)
activity, BMI, and FI
1.91 (1.27–2.86)
Age, race, time at blood
drawn, alcohol,
4.36 (2.80–6.80)
physical activity,
smoking, FH of
diabetes, PMT, MP,
diet score, fasting
status, and BMI

Adjusted RR
(95% CI)

Highest tertile vs.
lowest (CRP)

Highest quintile vs.
lowest (IL-6)
Highest quintile vs.
lowest (CRP)

Highest tertile vs.
lowest (CRP)

Comparison of
IL-6 and CRP

FG $7.0 mmol/L or
Per 1 log mg/L (CRP)
PG2h $11.1 mmol/L

Reported physician
diagnosis, use of
antidiabetes
medications, FG
$7.0 mmol/L, or
a nonfasting glucose
of $11.1 mmol/L
WHO criteria

Classic symptoms plus
elevated glucose
levels; two elevated
plasma glucose if no
symptoms;
treatment with
agents or insulin,
after 1998, ADA
criteria
FG $6.1 mmol/L or
clinical diagnosis

ADA criteria

Case subject
ascertainment
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2,052 male subjects,
Germany (101)
5,888 participants,
U.S. (45)

1,047 subjects, 455
men and 592
women, U.S. (144)
5,245 male individuals,
U.K. (127)

Thorand et al.,
2003 (31)
Barzilay et al.,
2001 (6)

Festa et al.,
2002 (25)

550 female subjects,
U.S. (188)

Pradhan et al.,
2001 (5)

100

Nested
case-control

Cohort

59

Cohort

56

Cohort

Cohort

61

0

Cohort

Nested
case-control

Study design

0

21

Proportion
of women (%)

4

6

5

5.2

3–4

7.2

2.3

Duration
(years)

Per 1 log mg/L (CRP)

Per 1 log mg/L (CRP)

Highest quartile vs.
lowest (CRP)
75th percentile vs.
25th (CRP)

Highest quartile vs.
lowest (IL-6)
High vs. low (CRP)

Comparison of
IL-6 and CRP

FPG $7 mmol/L (126 Highest tertile vs.
lowest (CRP)
mg/dL) or a 2-h
glucose level $11.1
mmol/L (200 mg/dL)
Conﬁrmed self-report
Highest quartile vs.
lowest (IL-6)
Highest quartile vs.
lowest (CRP)

ADA criteria

WHO criteria

ADA criteria

Questionnaire

Conﬁrmed self-report

Case subject
ascertainment

4.3 (1.1–17.1)

Women:
3.1 (1.2–8.1)
Men:
0.8 (0.4–1.9)
1.5 (0.5–4.8)

1.30 (1.07–1.58)

1.17 (0.95–1.43)

1.83 (1.24–2.86)

1.49 (0.76–2.91)

Age, FH of diabetes,
smoking, physical
activity, alcohol,
PMT, fasting status,
BMI, and FI

Age, alcohol, smoking,
TG, TC, HDL-C,
WCC, SBP,
pravastatin
treatment, BMI,
and glucose
Age and BMI

Age, sex, sporting
activities, smoking,
alcohol, educational
attainment, BMI,
WHR, and HbA1c
Age, survey, smoking,
SBP, and BMI
Age, sex, FI, subclinical
CVD, use of thiazide
diuretics, BMI, and
FG
Age, sex, clinic,
smoking, and BMI

2.57 (1.24–5.47)
1.9 (1.2–3.2)

Adjustment for
covariates

Adjusted RR
(95% CI)

ADA, American Diabetes Association; CHD, coronary heart disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; FG, fasting glucose; FH, family history; FI, fasting insulin; FPG, fasting plasma glucose;
GTT, glucose tolerance test; HDL-C, HDL cholesterol; HRT, hormone replacement therapy; IGT, impaired glucose tolerance; MP, menopausal; PG2h, 2-h plasma glucose; PMT, postmenopausal with hormone replacement therapy; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WCC, white cell count; WHO, World Health Organization.

1,132 participants, 460
men and 672
women, U.S. (89)

Han et al.,
2002 (8)

Freeman et al.,
2002 (7)

565 subjects, 333 men
and 118 women,
Germany (188)

Population (cases)

Spranger et al.,
2003 (9)

Study, year
(reference)

Table 1dContinued
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Figure 1dForest plot of prospective studies examining IL-6 level and risk of type 2 diabetes. F, female; M, male.

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 diabetes. 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 of men only. Five of these studies
were performed in the U.S., three in Europe, and two in North American Aboriginal 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 difference between the medians of the highest and the lowest tertiles of the eligible
studies. Between-study heterogeneity was
found among studies (P heterogeneity =
0.066; I2 = 42.5%).
care.diabetesjournals.org

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 randomeffects 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 diabetes, 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 association between elevated levels of IL-6 and
diabetes risk was consistently observed in
studies from the U.S. and Europe. However, 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
by whether or not a study adjusted for WC/
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 for WC/WHR, IL-6
levels were not associated with diabetes
risk (1.25 [0.82–1.92]; P = 0.303). However, after excluding the two low-quality
studies, the relationship remained signiﬁcant (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 both men and women.
Four studies (4,8,23,30) reported data
separately for men and women, and our
analyses of CRP therefore included a total
DIABETES CARE, VOLUME 36, JANUARY 2013
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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 simultaneous 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.

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.

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 diabetes 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 betweenstudy heterogeneity. Although the magnitude of the association was not
signiﬁcantly changed (1.20 [1.13–1.27]),
between-study heterogeneity was signiﬁcantly decreased (I2 from 63.9 to 23.2%)
with the removal of that study (32). Restricting analyses to high- and averagequality studies did not appreciably change
the results (1.28 [1.18–1.40]).
To further conﬁrm our results, we conducted stratiﬁed analyses. Supplementary
172
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Fig. 2 shows the results of the analyses of
all subgroups at the CRP level. The association between CRP and diabetes was
consistently observed in the U.S., Europe,
and Asia, but not in Aboriginal populations. The associations remained signiﬁcant but attenuated in studies adjusted
for glycemia or WC/WHR.
Notably, stratiﬁcation by sex revealed
that elevated levels of CRP were associated with an increased risk of diabetes
in women and men. However, for the
subgroup, in women, signiﬁcant heterogeneity existed between studies
(Pheterogeneity = 0.000; I2 = 85.7%). In contrast, for the subgroup, in men, no heterogeneity 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). Excluding 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 quality, and study design.

Study quality and publication bias
According to study quality, we performed
subgroup analyses (Fig. 2 and Supplementary Fig. 2). IL-6 and CRP were signiﬁcantly 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 publication bias in the analysis relating IL-6 to
type 2 diabetes. Visual inspection of contour-enhanced funnel plots (Supplementary Fig. 3) did not result in the
identiﬁcation of substantial asymmetry.
For the relation of CRP and diabetes, contour-enhanced funnel plots (Supplementary Fig. 4) were symmetrical, and neither
the Begg (P = 0.063) nor the Egger test
(P = 0.149) suggested publication bias.
CONCLUSIONSdThe present metaanalysis of prospective studies suggests a
signiﬁcant association of elevated levels
of IL-6 and CRP with type 2 diabetes risk.
Our ﬁndings further support the hypothesis that chronic inﬂammation
is a predictor of type 2 diabetes development.
In subgroup analyses, the associations of IL-6 and CRP with diabetes
were not substantially changed by geographic region, with the exception of
Aboriginal populations. In view of only
two small studies involving these populations, further studies will be required to
conﬁrm these data in Pima Indians/Aboriginal Canadians.
Differences between sexes in the diabetes 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 demonstrated 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,
care.diabetesjournals.org
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Figure 3dForest plot of prospective studies examining CRP level and risk of type 2 diabetes. F, female; M, male.

stratiﬁcation by sex showed substantial
between-study heterogeneity in the subgroup when only women were included,
but no between-study heterogeneity in
the subgroup when only men were included. We made 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 confounded results among women. Two of
the studies in women (5,32) demonstrated that CRP was more strongly associated with type 2 diabetes, but those two
studies adjusted for being postmenopausal with hormone replacement therapy. Therefore, it remains unclear
whether it is a reﬂection of a different confounding in those studies in women or
care.diabetesjournals.org

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 association of CRP with diabetes remained
signiﬁcant but attenuated in the studies
that adjusted for WC/WHR. For IL-6, after excluding the two low-quality studies,
the relationship also remained signiﬁcant. This ﬁnding suggests that although
there may be complex interrelationships
between adiposity, inﬂammation, and diabetes, the associations between inﬂammatory 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 glucose and/or insulin resistance and subsequent diabetes. In the past decade, the
role of inﬂammatory markers in the development 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 understood. Potential environmental triggers 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 receptors recognize and bind potentially harmful substances, which activates signaling
pathways and releases proinﬂammatory
cytokines mainly including IL-6 and tumor necrosis factor-a (34). IL-6 may contribute to the pathology and physiology of
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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). Furthermore, the recent Mendelian randomization studies by Brunner et al. (37)
failed to demonstrate a causal role between CRP levels and diabetes.
In contrast to previous meta-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 contrast, one previous meta-analysis that included 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 limitation 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 compared with FPG only. FPG was used as the
only method for the screening of diabetes,
which does not seem to show high
enough sensitivity in obese subjects
174
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(38). Misclassiﬁcation of diabetes cases
is inevitable. These misclassiﬁcations
could weaken the association obtained
in our ﬁndings. Furthermore, the adjustments 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 possibility that this aspect affected the results of
the study. Finally, we could not completely exclude the possibility that inaccurately measured IL-6 and CRP are
partly responsible for the observed associations.
These ﬁndings may have important
implications for the prevention and treatment of type 2 diabetes. Measurements of
IL-6 and CRP in apparently healthy subjects may help to identify high-risk populations 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 clinical 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 diabetes. However, it remains important to focus 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 autoinﬂammatory disease.
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