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Abstract
Aims/hypothesis We examined the association between
serum C-reactive protein (CRP) and incident diabetes in a
prospective study, and added these data to a literature-based
meta-analysis to explore potential sources of heterogeneity
between studies.
Methods We analysed a case–control study nested within
the European Prospective Investigation of Cancer (EPIC)-
Norfolk cohort, including 293 incident diabetes cases and
708 controls. We combined 16 published studies on CRP
and incident diabetes in a random-effect meta-analysis.
Results In the EPIC-Norfolk cohort, serum CRP was
associated with a higher risk of diabetes after adjusting
for age, sex, BMI, family history of diabetes, smoking and
physical activity (OR 1.49, comparing the extreme thirds of
CRP distribution [95% CI 1.03–2.15], p=0.03). However,
the association was completely attenuated after further
adjustment for WHR, serum γ-glutamyltransferase and
serum adiponectin (OR 1.00; 95% CI 0.66–1.51, p=1.0).
In a meta-analysis of 16 published studies with 3,920
incident diabetes cases and 24,914 controls, the RR was

1.72 (95% CI 1.54–1.92), comparing the extreme thirds of
CRP distribution, with substantial heterogeneity between
studies (I2=52.8%, p=0.007).
Conclusions/interpretation Initial evidence of association
between CRP and incident diabetes was confounded by
central adiposity, markers of liver dysfunction and adipo-
nectin in the primary analysis. Despite an overall positive
association in the meta-analysis, considerable heterogeneity
existed between studies. The degree of adjustment for
central adiposity and baseline glycaemia explained some of
this heterogeneity and suggests that CRP may not be an
independent risk factor for type 2 diabetes.
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Abbreviations
BMI Body mass index
CRP C-reactive protein
EPIC European Prospective Investigation of Cancer
GGT γ-Glutamyltransferase

Introduction

Type 2 diabetes mellitus is associated with chronic low-
grade inflammation, possibly through a pathway involving
a cytokine-mediated acute-phase response to infection and
other inflammatory processes [1]. C-reactive protein (CRP)
is an acute-phase reactant produced primarily in the liver un-
der the stimulation of adipocyte-derived pro-inflammatory
cytokines, including IL-6 and TNF-α. CRP is the most
commonly measured circulating marker for subclinical
inflammation, with widely available, stable and standardised
assays for its measurement [2].
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A number of prospective studies have described the
association between circulating CRP levels and risk of
incident type 2 diabetes. There is heterogeneity between
studies, with some demonstrating an independently positive
association of CRP with incident diabetes [3–11], while
others show no association after adjustment for adiposity
and insulin resistance [12–15]. Differences in the associa-
tion between CRP and diabetes by sex have also been
reported [16–18].

A recent meta-analysis synthesised available data from
ten prospective studies [3] and showed a positive associa-
tion between serum CRP and incident diabetes indepen-
dently of obesity. The review combined effect estimates, e.g.
ORs, based on different distributions of CRP (e.g. tertiles,
quartiles and quintiles), and used overlapping categories of
CRP levels. However, this does not allow appropriate
comparison of the association between CRP and diabetes
across different studies. In addition, potential sources of
heterogeneity were not fully explored in this report.

The major challenge in elucidating the aetiological role
of CRP in the development of type 2 diabetes is confound-
ing, i.e. the presence of other factors which might explain
the association between CRP and diabetes risk. Adjustment
for different potentially confounding factors in regression
models and imprecise measurement of the confounders that
are included (residual confounding) could at least partly
account for the inconsistencies in observed associations.
Two potentially confounding factors are adiponectin con-
centrations and markers of liver dysfunction. Emerging
evidence suggests that plasma concentrations of the adipo-
cytokine adiponectin [19–21], and markers of liver injury,
such as the hepatic enzyme γ-glutamyltransferase (GGT) [22–
24] predict the development of type 2 diabetes, independently
of traditional risk factors. Adiponectin and GGT are also
associated with CRP levels [15, 25, 26]. To date, no published
studies of the association between CRP and incident diabetes
have considered these potentially important confounders.

In this study, we examined the impact of confounding on
the association between serum CRP and incident diabetes
using two approaches. First, we used data relating to a
range of potentially confounding factors in a case–control
study nested within a prospective cohort. Second, we
examined factors that might account for the heterogeneity
of associations and the effects of the degree of adjustment
for confounding on the size of the observed effect estimates
in a meta-analysis of published prospective analyses on
serum CRP and incident diabetes. Since CRP, GGT and
adiponectin may share common biological pathways, we
also sought to assess whether CRP mediates the effect of
adiposity on the risk of type 2 diabetes, and whether
adjusting for GGT and adiponectin, compared with tradi-
tional measures of adiposity, i.e. BMI and WHR, would
alter the association between CRP and incident diabetes.

Methods

Primary analysis

Study design and population The current case–control
study was nested within the European Prospective Investi-
gation of Cancer (EPIC)-Norfolk population-based cohort
study, which recruited 25,631 men and women aged 40–
74 years residing in the city of Norwich and its surrounding
towns between 1993 and 1997. Approval was obtained
from the Norfolk Local Research Ethics Committee. At the
baseline study visit (1993–1997), after written informed
consent was obtained, participants completed a health and
lifestyle questionnaire, had non-fasting blood samples
drawn and anthropometric measures taken. Then, 18 months
later, they responded to a mailed follow-up questionnaire.
Finally, they attended a second study visit for repeat
anthropometric assessment and blood testing, 3–5 years
after the first visit (1998–2000) [27].

People with prevalent diabetes at baseline, defined by
self-report only (n=845), were excluded from this analysis.
Incident diabetes that developed after baseline and prior to
2000, or previously undiagnosed at baseline, was ascer-
tained using multiple sources of information. These
included self-reported diabetes in follow-up questionnaires
(18 month follow-up and at the health check in 1998–
2000), self-reported use of diabetes-specific medication on
follow-up lifestyle questionnaires or brought in to follow-
up health checks, or HbA1c >7% at either baseline or
follow-up health checks. The sources of information
external to the EPIC-Norfolk study included documentation
of diabetes in the general practitioner’s register, in the local
hospital diabetes register, in hospital records, or on a death
certificate. A validation study estimated that three sources,
general practice registers, HbA1c level and self-report,
captured 96% of all known cases of diabetes [28].

After a mean follow-up of 3.7 years, 417 incident cases
of diabetes had developed. Each case was matched with
two controls; the first control was matched for age, sex,
general practice and recruitment date, and the second
control was additionally frequency matched for BMI. Of
the 1,251 participants, those who had CRP levels >10 mg/l
(n=90) were excluded to avoid individuals with acute
infection [2]. After exclusion of individuals with missing
values of CRP (n=146) and baseline variables (n=14), the
study population of this analysis consisted of 293 cases and
708 control participants.

Health and lifestyle questionnaire Information on demog-
raphy, socioeconomic characteristics, lifestyle factors (in-
cluding physical activity, cigarette smoking and alcohol
consumption), medications and personal and family histo-
ries of diabetes, was collected in the questionnaire at

Diabetologia (2009) 52:1040–1047 1041



baseline, at the 18 month follow-up and at the second
health check.

Anthropometric measurement and biochemical analysis An-
thropometric measurements including height, weight, and
waist and hip circumferences were taken in light indoor
clothing, without shoes. BMI was calculated as weight
(kg)/height (m)2. WHR was calculated as waist (cm)/hip
(cm). Non-fasting blood samples were obtained during
baseline health checks and were stored frozen. The frozen
serum samples were thawed in 2005 and were used to assay
serum levels of CRP, GGT and adiponectin. Serum high-
sensitivity CRP (mg/l) and GGT (U/l) were measured using
a Dade Behring Dimension Arx automated clinical chem-
istry system (Deerfield, IL, USA), with between-batch CV
values of 5.0% at 14 mg/l and 2.8% at 120 mg/l for CRP,
and 2.9% at 80 U/l and 1.7% at 147 U/l for GGT. Serum
adiponectin (μg/l) was measured by fluoroimmunoassay
using an AutoDELFIA kit (Wallac Oy, Finland). The
between-batch CV values were 5.2% at 3.49 μg/l, 6.95%
at 8.85 μg/l and 11.9% at 15.8 μg/l for adiponectin [29].

Statistical analysis Baseline metabolic variables and risk
factors for diabetes were described separately for cases and
controls, using means and SD for continuous variables, and
counts and percentages for categorical variables. Differ-
ences between cases and controls were tested using t tests
for the continuous variables and χ2 tests for the categorical
variables.

We used unconditional logistic regression to explore the
association between CRP levels and odds of developing
diabetes. CRP levels were categorised into thirds based
on the baseline distribution in controls. All analyses were
adjusted for age, sex and BMI to enable the use of all
control participants (two controls for every case), as BMI
was only frequency matched for one set of controls [29].
Established diabetes risk factors (positive family history of
diabetes, higher WHR and physical inactivity) and potential
confounders (cigarette smoking, serum levels of GGT and
adiponectin) were included in the regression models.
Fasting or random blood glucose levels at baseline were
not available. HbA1c at baseline was available in approx-
imately half of the study population. We examined potential
interactions between CRP levels and baseline variables
using a variable representing the product of both factors.

Meta-analysis

Literature search We identified studies with a MEDLINE
search to the end of December 2007, using the terms ‘C-
reactive protein’ and ‘type 2 diabetes’ and by scanning
relevant reference lists. Studies were included if they used a
prospective cohort design or if they were case–control

studies nested within a cohort, if CRP level was measured
at baseline, and if incident diabetes was the outcome.
Sixteen studies met the inclusion criteria. One study was
excluded because of overlapping study populations [12]
with an updated analysis of the same cohort [18].
Therefore, a total of 16 independent studies (including the
present study) were included in the meta-analysis.

Data extraction We extracted information on the character-
istics of the 16 published studies including demographic
data, study design, duration of follow-up, assay method for
CRP, ascertainment of diabetes, adjustment for potential
confounders and effect estimates (risk ratio or OR, and the
95% CI) for the association between CRP and incident
diabetes. We used the effect estimates from the models with
the greatest degree of covariate adjustment in the meta-
analysis. From our primary analysis (the EPIC-Norfolk
study), we used the ORs adjusted for age, sex, BMI,
cigarette smoking, physical activity, family history of
diabetes and WHR in the meta-analysis.

Data synthesis We converted the published effect estimates
(i.e. HR, OR or RR), if reported per SD, quartiles and
quintiles, into common metrics of thirds of the CRP
distribution. This assumed a normal distribution of the loge
of CRP concentration in the general population and a log–
linear association between CRP and risk of diabetes [30].
Where studies reported men and women separately, we
combined the effect estimates prior to conversion. After
appropriate conversion of the effect estimates, studies were
combined using a random-effects meta-analysis. We per-
formed two types of subgroup analyses to explore possible
sources of heterogeneity, i.e. differences in effect measures
by subgroup. First, we grouped studies according to study-
level characteristics including sex, geographical location
(Asia, North America, Europe), study design and number of
incident diabetes cases (<250 vs ≥250). Second, we defined
subgroups by whether or not a study adjusted for baseline
glycaemia (fasting blood glucose or HbA1c) or central
adiposity (WHR or waist circumference). For both types
of analyses, we used the Cochran Q test and I2 statistics
[31] to assess heterogeneity. A p value <0.05 suggested a
significant difference between effect estimates by subgroup.
All statistical analyses were performed using STATA 9.1
(Stata Corporation, College Station, TX, USA).

Results

Primary analysis

The baseline characteristics of cases and controls are shown
in Table 1. The mean ages of cases and controls were
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Table 1 Baseline characteristics of cases and controls: the EPIC-Norfolk population-based cohort study 1993–2000

Variable Diabetes (cases, n=293) No diabetes (controls, n=708) p value

Age (years) 62.2±8.3 61.9±8.3 0.6

CRP (mg/l) 4.7±2.0 4.2±2.0 0.0001

GGT (U/l) 62.3±51.8 37.9±21.6 <0.0001

Adiponectin (μg/l) 5.3±2.7 8.0±4.2 <0.0001

HbA1c (%)a 7.4±1.6 5.1±0.5 <0.0001

Systolic BP (mmHg) 143±18.2 138±18.4 <0.0001

Total cholesterol (mmol/l) 6.4±1.3 6.3±1.2 0.3

BMI (kg/m2) 29.4±4.4 27.6±3.8 <0.0001

WHR 0.92±0.09 0.88±0.09 <0.0001

Alcohol (units per week)b 7.2±9.4 6.8±9.2 0.5

Sex

Male 180 (61.4) 409 (57.8) 0.3

Smoking

Current smoker 29 (9.9) 61 (8.6) 0.2
Former smoker 158 (53.9) 346 (48.9)

Family history of diabetes

Positive 58 (19.8) 71 (10.0) <0.001

Physical activityc

Level 4 (active) 42 (14.3) 150 (21.2) 0.04

Hormone replacement therapy

Former user 13 (11.5) 31 (10.4) 0.9
Current user 21 (18.6) 56 (18.7)

Use of antihypertensive medication 96 (32.8) 143 (20.2) <0.001

Use of lipid-lowering medication 5 (1.7) 7 (1.0) 0.3

Values are means ± SD or n (%)
aMeasured randomly in approximately half the cohort at the time of this analysis; n=109 and n=274 for cases and controls, respectively
b One unit of alcohol is equivalent to 0.5 pints of beer, lager or cider, or one glass of wine, spirits or fortified wine
c Four-level physical activity scale: inactive, moderately inactive, moderately active, active

Table 2 Logistic regression models for the association between CRP and incident type 2 diabetes: the EPIC-Norfolk population-based cohort
study 1993–2000

Variable OR (95% CI)a p valueb

Middle thirds Upper thirds

Age-, sex-, BMI-adjustedc (Model 1) 1.24 (0.86–1.79) 1.55 (1.08–2.21) 0.02

Model 1+smoking, family history of diabetes, physical activity (Model 2) 1.23 (0.85–1.79) 1.49 (1.03–2.15) 0.03

Model 2+WHR (Model 3) 1.15 (0.79–1.68) 1.41 (0.97–2.04) 0.07

Model 2+GGT+adiponectin 0.97 (0.64–1.46) 1.02 (0.67–1.53) 0.4

Model 3+GGT+adiponectin 0.94 (0.62–1.43) 1.00 (0.66–1.51) 1.0

n=1,001 (293 cases, 708 controls)
a Compared with lowest third of baseline CRP distribution
b p value for trend across thirds of the baseline CRP distribution
cMatching factors for the selection of cases and controls. Age and BMI as continuous variables; family history of diabetes coded yes/no; smoking
coded never, former or current smoker; physical activity coded inactive, moderately inactive, moderately active or active; WHR, GGT and
adiponectin as continuous variables
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similar. Sixty-one per cent of cases were men, compared
with 58% male control participants. Cases had significantly
higher levels of CRP, GGT and adiponectin at baseline,
compared with controls, as well as higher measures of
adiposity, including BMI and WHR. Participants who
developed diabetes reported less physical activity and were
more likely to have a family history of diabetes.

Participants with CRP levels in the top third of the
baseline distribution had an increased risk of developing
diabetes, compared with those in the bottom third, after
adjusting for age, sex and BMI (OR 1.55; 95% CI 1.08–
2.21, p for trend across thirds=0.02). The association
remained significant after adjusting for family history of
diabetes, physical activity and cigarette smoking (OR 1.49;
95% CI 1.03–2.15, p for trend across thirds=0.03). The
association was no longer statistically significant after
adjusting for WHR. Regardless of whether WHR was
retained in the model, additional adjustment for GGT and
adiponectin further attenuated the association between CRP
and incident diabetes, as shown in Table 2. Sensitivity
analysis of participants with HbA1c measures showed that
the association was attenuated after adding HbA1c to the
multivariate model (OR 0.72; 95% CI 0.17–3.07, p for
trend across thirds=0.4).

In multivariate models adjusted for age, sex, cigarette
smoking, family history of diabetes and exercise, the ORs
for BMI and WHR associated with the risk of diabetes were
1.06 (95% CI 1.02–1.11, p=0.002) and 2.15 (95% CI 1.64–
2.81, p<0.001), respectively. After adjusting for CRP, we
observed no change in the magnitude of the association
(OR 1.06; 95% CI 1.01–1.10, p=0.008 for BMI and OR
2.12; 95% CI 1.62–2.77, p<0.001 for WHR). However,
when CRP was replaced by GGT and adiponectin, the
association was attenuated for WHR (OR 1.62; 95% CI
1.21–2.18, p<0.001), but not for BMI (OR 1.04; 95% CI
0.99–1.09, p=0.08).

Meta-analysis

Sixteen studies (including the present study), comprising a
total of 3,920 incident diabetes cases and 24,914 controls,
were included in the meta-analysis. The combined risk ratio
for diabetes comparing individuals in top vs bottom thirds
of baseline CRP distribution was 1.72 (95% CI 1.54–1.92),
with substantial heterogeneity between studies (I2=52.8%,
p=0.007), as shown in Fig. 1. Subgroup analysis showed
significant differences between subgroups defined by sex
(p<0.0001), whether or not the analyses were adjusted for

RR (95% CI)

Study Top third vs bottom third Cases/controls

Hisayama Study [4] 131/1,628

EPIC-Potsdam Study [8] 192/384

MONICA/KORA Augsburg Study [18] 527/1,698

EPIC-Norfolk Study 293/708

WOSCOPS [9] 127/5,118

Hoorn Study [17] 54/225

KIHD Study [5] 78/684

Rotterdam Study [3] 544/5,357

Women Health Study [11] 188/362

Pima Indian Study [15] 71/71

Nurses Health Study [6] 737/785

ARIC Study [13] 581/572

Japanese American Study [7] 122/825

IRAS [14] 144/903

Mexico City Diabetes Study [16] 86/1,158

Cardiovascular Health Study [10] 45/4,436

Overall (I2= 52.8%, p=0.007) 1.72 (1.54–1.92)

0.5 1 2 4

Fig. 1 Prospective studies of
the association between CRP
levels and type 2 diabetes. The
size of the squares is propor-
tional to the inverse of the
variance of the ORs. The dia-
mond represents the summary
estimates. ARIC, Atherosclero-
sis Risk in Communities; IRAS,
Insulin Resistance Atherosclero-
sis Study; KIHD, Kuopio
Ischaemic Heart Disease Risk
Factor Study; MONICA/KORA,
Monitoring of Trends and
Determinants in Cardiovascular
Disease/Cooperative Research
in the Region of Augsburg;
WOSCOPS, West of Scotland
Coronary Prevention Study
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central adiposity (p=0.004) and whether or not the analyses
were adjusted for baseline glycaemia (p=0.05), as shown in
Fig. 2.

Discussion

Our analysis of a nested case–control study within the
prospective EPIC-Norfolk study provides evidence that
elevated baseline CRP levels were not associated with
increased risk of developing diabetes after controlling for
risk factors for diabetes, WHR, GGT and adiponectin. An
association was demonstrable when only a restricted list of
possible confounding factors was considered, but was
entirely attenuated when WHR, GGT and adiponectin were
considered, suggesting that these factors are important
confounders.

The possibility of GGT and adiponectin being con-
founders is strengthened by previous observations of the
association of these factors with CRP [15, 25, 26] and also
with diabetes risk [19–24]. CRP originates in the liver and
is increased in people with liver steatosis [32], suggesting a
link between chronic inflammation and non-alcoholic fatty-
liver disease. The association of GGT with insulin resis-
tance, fasting blood glucose and triacylglycerols [33–35]
and type 2 diabetes [22–24] is well described.

Low levels of adiponectin have similarly been associated
with the development of type 2 diabetes [19–21]. Plasma
adiponectin levels are also inversely associated with CRP
[25]. It is possible that adiponectin may act as an
intermediate between CRP and diabetes. Recent in vitro

evidence suggests that CRP inhibits adiponectin gene
expression in adipocytes [36], and this may lead to reduced
insulin sensitivity and diabetes. If true, adjustment for
adiponectin in regression models would be overadjustment.

Although the meta-analysis of 16 prospective studies
showed an overall association between CRP levels and
incident diabetes, these studies vary in certain character-
istics. Those studies which adjusted for visceral adiposity,
as measured by WHR or waist circumference, showed
weaker associations than those that did not. Visceral
adipose tissue, compared with subcutaneous fat, is known
to produce more pro-inflammatory cytokines [37] and is
associated with CRP levels [38], suggesting that visceral
adiposity could be an additional important confounding
factor that was not considered in all studies.

Complex links exist between inflammation, adiposity
and diabetes. If adiposity increases the risk of diabetes
through both inflammatory and non-inflammatory process-
es, any significant association remaining after adjustment
of measures of adiposity might be a result of residual
confounding. However, if adiposity is caused in part by
inflammatory processes, then any significant association
might represent an overadjustment for adiposity. In our
sensitivity analyses, the association between measures of
adiposity (BMI and WHR) and the risk of diabetes did not
change materially after adjustment for CRP, suggesting
that CRP might not be an important mediator of adiposity.
Adjusting for adiponectin and GGT attenuated the associ-
ation of WHR on the risk of diabetes more significantly
than adjusting for CPR, suggesting that GGT and adipo-
nectin may mediate the effects of visceral adiposity.

Study characteristics p valuea

Sex Male

Female <0.0001

Location Asia

Europe

N. America 0.2

Design Case–control

Cohort 0.8

Visceral adiposityb Yes

No 0.004

Baseline glycaemiac Yes

No 0.05

Number of cases <250

≥250 0.2

1 2 4
RR (95% CI)

Fig. 2 Subgroup analysis of
study-level characteristics in 16
published studies. The size of
the squares is proportional to the
inverse of the variance of the
ORs. ap value for heterogeneity
between subgroups. bVisceral
adiposity refers to whether
studies have adjusted for indices
of visceral adiposity. cBaseline
glycaemia refers to whether
studies have adjusted for indices
of baseline glycaemia
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Those studies which adjusted for baseline glycaemia, as
measured by fasting blood glucose or HbA1c, had weaker
associations than those that did not. Although the restriction
in our meta-analysis to prospective studies strengthened our
inferences about the direction of causality, since the
observation of elevated CRP levels preceded the develop-
ment of diabetes, these data do not completely rule out the
possibility of reverse causation as an alternative explanation
of our observation. The weaker association found after
adjusting for baseline hyperglycaemia suggests that raised
CRP levels could be associated with early alterations in
glucose control. Thus, the elevated CRP levels could be a
consequence of the diabetes process, rather than the cause of it.

Our data also show heterogeneity by sex, which is
consistent with previous reports [16–18]. Whether this
represents a fundamental biological process between sexes
or more probably is a reflection of a different pattern of
confounding between men and women is uncertain. In an
attempt to examine the latter, we investigated whether
hormone replacement therapy (HRT) could be one such
sex-linked confounding factor, since HRT is associated with
increased CRP levels in women [39]. However, the positive
CRP–diabetes association in women could not be explained
by use of oestrogen or HRT.

The strengths of our prospective analysis are the
consideration of a wider range of potentially confounding
factors than in previous studies, and the robust ascertain-
ment of incident diabetes. In the meta-analysis, a particular
strength relates to the conversion of different studies’ effect
estimates into a common measure of the distribution of CRP
level and an exploration of possible sources of heterogeneity.

Our study has potential limitations. The relatively wide
CIs for the associations in the EPIC-Norfolk cohort
suggested that more incident cases of diabetes would
improve the precision of the effect estimates. We measured
CRP on non-fasting blood samples, but a previous study
has shown no postprandial increase in CRP levels [40].
Another potential weakness is the possibility of undiagnosed
diabetes in the control population. However, because the
highest HbA1c level in the control participants was 5.1%,
this is unlikely. Finally, CRP level was measured in serum
stored frozen for 7 years, but levels of CRP may remain
stable for at least 12 years [41].

In conclusion, our primary analysis of the nested case–
control study suggests that there is no association between
CRP and risk of diabetes after taking into consideration a
wide range of potentially confounding factors, including
central adiposity, markers of liver dysfunction and adipo-
nectin. Our meta-analysis differs from a previous report in
that we have converted effect estimates into a common
measure and have focused on exploring sources of
heterogeneity between studies. The observation of substan-
tial heterogeneity is probably explained by the varying

consideration between studies of potential confounders.
Taken together, our findings demonstrate that the associa-
tions between CRP and type 2 diabetes appear to be weaker
than previously reported, and that CRP may not be an
independent risk factor for type 2 diabetes. As a means to
identify individuals at risk of diabetes, measuring CRP in a
clinical setting currently has no usefulness beyond estab-
lished risk factors. Our study also highlighted that the
traditional approach of analysing the pattern of confound-
ing in existing studies is a useful adjunct to alternative ap-
proaches for investigating causal inference through molecular
epidemiological approaches.
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