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OBJECTIVE — To calculate the population-attributable risk (PAR) of C-reactive protein
(CRP) and other risk factors for type 2 diabetes.

RESEARCH DESIGN AND METHODS — The Rotterdam Study is a population-based,
prospective follow-up study among 7,983 participants aged �55 years. Risk factors including
serum CRP were determined at baseline. Participants with diabetes at baseline were excluded,
and the cohort was followed for a mean of 10.8 years. The hazard ratio (HR) and PAR for diabetes
were computed for all studied risk factors.

RESULTS — Serum CRP �1 mg/l (HR 1.67, PAR 0.33), BMI �25 kg/m2 (HR 2.51, PAR 0.51),
waist circumference �102 for men and �88 cm for women (HR 1.36, PAR 0.14), current
smoking (HR 1.16, PAR 0.03), age �65 years (HR 1.35, PAR 0.15), and family history of diabetes
(HR 1.87, PAR 0.16) were related to diabetes and contributed to the risk of the disease. Serum
CRP was a greater contributor to the risk of diabetes in women than in men (PAR values of 0.37
vs. 0.28, respectively). Age and current smoking PARs were not statistically significantly con-
tributing to the risk of diabetes in women. Combined PAR was 0.80 (95% CI 0.74–0.85) for all
six studied risk factors and 0.71 (0.64–0.78) for modifiable risk factors (serum CRP, BMI, waist
circumference, and current smoking).

CONCLUSIONS — High CRP is one of the major contributors to the risk of type 2 diabetes.
The contribution of modifiable risk factors to the risk of diabetes is considerable.

Diabetes Care 30:2695–2699, 2007

There is a growing body of evidence
that low-grade systemic inflamma-
tion enhances the risk of type 2 dia-

betes (1). Furthermore, anti-inflammatory
medication may prevent diabetes or delay
the onset of the disease (2). Whether in-
flammation is a major contributor to the
risk of diabetes is not yet clear.

Population-attributable risk (PAR) is
a relevant measure used to judge the pub-
lic health impact of different risk factors
(3). The PAR of a risk factor for a disease is
the proportion of those with the disease
that is due to that risk factor. The PAR
depends on both the relative risk esti-
mate and the prevalence of the risk
factor.

C-reactive protein (CRP), a marker of
inflammation, is independently associ-
ated with the development of diabetes
(1,4,5) and can be reduced by the use of
anti-inflammatory medications (6).
Therefore, the PAR of serum CRP for dia-
betes can be used to estimate the contri-
bution of inflammation to the risk of
diabetes. To our knowledge, there is no
previously published study on the PAR of
high serum CRP for diabetes. We sought
to quantify the contribution of a number
of risk factors including serum CRP to the
risk of diabetes in the Rotterdam Study, a
large population-based prospective co-
hort study in Caucasians aged �55 years.

RESEARCH DESIGN AND
METHODS — The study was con-
ducted within the framework of the Rot-
terdam Study, an ongoing prospective,
population-based cohort study on deter-
minants of a number of chronic diseases.
The Rotterdam Study has been described
in detail elsewhere (7). In brief, all inhab-
itants of Ommoord, a district of Rotter-
dam in the Netherlands, who were aged
�55 years were invited to participate in
this study. Of 10,275 eligible individuals,
7,983 agreed to participate (78%).

The baseline examinations took place
from 1990 to 1993. Follow-up for clinical
events started at baseline, and follow-up
examinations were carried out periodi-
cally in 1995–1996, 1997–1999, and
2000 –2005. In addition, participants
were continuously monitored for major
events through automated linkage with
files from general practitioners and phar-
macies working in the study district of
Ommoord. Information on vital status
was obtained regularly from municipal
health authorities in Rotterdam. For the
present study, follow-up data were avail-
able until 1 October 2005. Written in-
formed consent was obtained from all
participants, and the medical ethics com-
mittee of the Erasmus Medical Center ap-
proved the study.

Serum CRP
High-sensitivity CRP was measured in
nonfasting serum samples kept frozen at
�20°C by use of Rate Near Infrared Par-
ticle Immunoassay (Immage Immuno-
chemistry System; Beckman Coulter).
This method has been described in more
detail elsewhere (1). Serum samples were
stored for �10 years at �20°C until the
measurements were carried out in 2003–
2004. We compared these CRP measure-
ments with CRP measurements in the
serum samples stored at �80°C in a ran-
dom sample of 29 participants. The
Spearman correlation coefficient was 0.99
between the CRP serum level measure-
ments carried out on samples kept at
�20°C and �80°C (P � 0.001).

Diabetes
At baseline, participants were defined as
prevalent cases with type 2 diabetes when
they had nonfasting glucose level �11.1
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mmol/l, oral glucose tolerance test �11.1
mmol/l, or when they were using antidia-
betes medications. Incident cases of type
2 diabetes were diagnosed based on a fast-
ing plasma glucose level �7.0 mmol/l, a
random (nonfasting) plasma glucose level
�11.1 mmol/l, use of oral antidiabetes
medications, or use of insulin or treat-
ment by diet and registered by a general
practitioner as having diabetes (1).

Population for analysis
We excluded 861 prevalent diabetic par-
ticipants and 187 participants who did
not provide any information on their glu-
cose levels at baseline. The population for
analysis consisted of 6,935 participants.
Of these, serum CRP level was available in
5,901, BMI in 6,136, waist circumference
in 5,837, and smoking status in 6,765
participants.

Statistical analysis
High serum CRP (1,4), overweight (8),
truncal fat distribution (9,10), physical
inactivity (11), smoking (12–14), aging,
and family history of diabetes (15) have
been reported as risk factors for diabetes.
Established cutoff points were used to di-
chotomize continuous covariates into
normal and elevated levels. On this basis,
serum CRP �1 mg/l, BMI �25 kg/m2,
waist circumference �102 cm for men
and �88 cm for women, and age �65
years were considered risk factors for di-
abetes. Smoking was assessed as current
smoking versus nonsmoking, and family
history of diabetes was considered posi-
tive in the presence of diabetes in parents,
children, or any of the siblings. A Cox
regression analysis was used to investigate
the association of risk factors with inci-
dence of diabetes.

PARs and 95% CIs were calculated by
the use of the Interactive Risk Assessment
Program developed by Dr. Mitchell Gail
(U.S. National Cancer Institute, 2002)
(16–19). A PAR adjusted for confounding
is estimated by the following:

PAR � 1 � �
i�1

I �
j�1

J � ijRi�j
� 1

where the relative risk is

Ri�J �
PR(D � 1 X � � i,C � cj)

Pr(D � 1 X � �1,C � cj)

and

� i�j � Pr(X � � i,C � cj�D � 1)

given D � 1 denoting presence of disease,
X denoting exposure with i levels, and C
denoting a confounder with j levels. The
relative risk is estimated from a multivar-
iate Poisson model (18).

The PAR for a combination of risk fac-
tors corresponds with the proportion of
the disease that can be attributed to any of
the studied risk factors. The combined
PAR is not a simple product of summing
up the single PARs. A diseased case can
simultaneously be attributed to more than
one risk factor. As a result, the fraction of
the population that is attributed to or pre-
vented by each risk factor overlaps with
other risk factors. Hence, the combined
PAR is usually lower than the sum of in-
dividual PARs. To estimate the propor-
tion of the disease that is exclusively
attributed to a specific risk factor, we cal-
culated the combined PAR in the presence
and absence of this risk factor. The differ-
ence is the so-called “extra attributable
risk,” which indicates the proportion of

the disease that can be attributed exclu-
sively to this specific risk factor (20).

To provide a similar study population
for different analysis and to increase the
statistical power, we imputed missing
data using the expectation maximization
method in SPSS 11.0, which is based on
the correlations between each variable with
missing values and all other variables.

RESULTS — Table 1 shows the base-
line characteristics of the studied popula-
tion in tertiles of serum CRP.

During a mean follow-up time of 9.9
years (interquartile range 6.5–13.2), dia-
betes developed in 645 subjects (inci-
dence rate 9.4 per 1,000 person-years).
Table 2 shows the proportion of the par-
ticipants who were exposed to each risk
factor and their association with risk of
type 2 diabetes. BMI (�25 kg/m2) and
family history of diabetes were the stron-
gest risk factors. High serum CRP (�1
mg/l) had a greater hazard ratio (HR) in
women (1.77) than in men (1.42), and
current smoking had a greater HR in men
(1.37) than in women (1.10). However,
the differences between HRs were not sig-
nificant. The association between age
(�65 years) and diabetes was stronger in
men (HR 1.64) than in women (HR 1.15),
and the difference between HRs was sig-
nificant (P for interaction �0.05).

Multivariate-adjusted PAR was 0.33
(95% CI 0.21–0.46) for high serum CRP.
The PAR of high serum CRP for diabetes
was 0.17 (0.08–0.25) and 0.08 (0.02–
0.15) when cutoff points of 2 and 3 mg/l
were used, respectively. Moreover, the
PAR was 0.17 for the highest versus the
lowest and 0.32 for the top two tertiles
versus the lowest tertile of serum CRP.
High BMI (�25 kg/m2) was the main con-
tributor to the risk of diabetes (PAR 0.51
[95% CI 0.41–0.60]) (Table 3).

Collectively, studied risk factors con-
tributed to 80% (95% CI 74–85) of the
risk of diabetes. Modifiable risk factors
(serum CRP, BMI, waist circumference,
and current smoking) contributed to 71%
of the risk, suggesting that more than two-
thirds of incident diabetes cases might
have been prevented if all the above risk
factors were eliminated (Table 4). More-
over, we estimated the combined PAR for
modifiable risk factors in the absence of
each risk factor to estimate the extra at-
tributable risk. Exclusion of serum CRP
decreased the combined PAR from 0.71
to 0.58, indicating that the extra attribut-
able risk was 0.13 for high serum CRP
(Table 4).

Table 1—Baseline characteristics of participants in different categories of serum CRP

Risk factor

Serum CRP

P value�1 mg/l 1–3 mg/l �3 mg/l

n 1,717 2,702 2,516 —
Men (%) 40.5 64.5 57.2 �0.001
BMI (kg/m2) 24.9 � 3.2 26.5 � 3.4 26.9 � 3.6 �0.001
Waist circumference (cm) 85.9 � 10.4 90.1 � 10.2 93.4 � 9.5 �0.001
Current smoking (%) 16.6 19.5 28.7 �0.001
Age (years) 67.3 � 8.5 68.5 � 8.8 72.9 � 9.9 �0.001
Family history of diabetes (%) 21.3 21.3 19.8 0.37
HDL cholesterol (mmol/l) 1.44 � 0.39 1.36 � 0.36 1.29 � 0.35 �0.001
Systolic blood pressure (mmHg) 134.0 � 21.4 139.0 � 21.7 142.0 � 22.3 �0.001
Diastolic blood pressure (mmHg) 72.8 � 11.3 74.2 � 11.3 74.1 � 11.9 �0.001
Hypertension (%) 23.5 33.7 42.7 �0.001

Data are means � SD or n (%).

Attributable risk of CRP for Diabetes
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CONCLUSIONS — In this study, we
found that high serum CRP is a major
contributor to the risk of type 2 diabetes,
independent of the other established risk
factors. In addition, we observed that es-
tablished risk factors account for a large
proportion (80%) of the risk of type 2
diabetes in the general population aged
�55 years.

Our study underscores chronic in-
flammation as a major contributor to the
risk of diabetes by showing that one-third
of the cases with diabetes are attributed to
high serum CRP. Serum CRP, a marker of
chronic low-grade inflammation, is a
novel risk factor for diabetes. PAR is
mostly estimated for the risk factors of
which a causal role is evidenced. High se-
rum CRP predicts diabetes, and a growing
body of evidence supports the causal role
of CRP (1,2,4). Hence, it would be logical
to attribute a part of the risk of diabetes to
chronic low-grade inflammation. How-
ever, estimation of PAR for a new risk fac-
tor when the causal role is not yet widely
accepted illustrates the potential impact
of the risk factor, were it later accepted to
be causal (20).

Serum CRP is a marker of inflamma-
tion but is also closely related to adiposity.
This may raise doubt about whether CRP
is a marker of inflammation or adiposity.
We believe that even the variation of se-
rum CRP, correlated with obesity, indi-
cates an inflammatory state. The
increased level of serum CRP in obese in-
dividuals is due to increased secretion of
interleukin-6 and tumor necrosis factor-	
in adipocytes, which regulate CRP pro-
duction in hepatocytes and induce a
chronic inflammatory state (21).

We adjusted the association for age,
BMI, and waist circumference as potential
confounders. However, the covariates
were dichotomized, and dichotomization
increases the likelihood of residual con-
founding. To estimate the magnitude of

the residual confounding, we introduced
age, BMI, and waist circumference as co-
variates with 10 categories to the model.
Estimated PAR for high serum CRP
slightly attenuated to 0.32 (95% CI 0.20–
0.45). Therefore, residual confounding
by age and obesity in our findings should
be trivial.

To obtain a reasonable estimate of the
PAR, one should use a cutoff point that
could be achieved in practice (22). For
serum CRP, however, no cutoff point has
been recommended in relation to the risk
of diabetes. The American Heart Associa-
tion suggests two cutoff points of 1 and 3
mg/l in relation to cardiovascular risk
(23). When we used the cutoff point of 1
mg/l to dichotomize serum CRP, 75% of
our population was exposed, which may
seem to be overestimating. However,
where over 61% of men and 67% of
women were overweight or obese, it is not
too far to consider serum CRP, which is
highly correlated with BMI, to be high
in 75% of our population in regard to
diabetes.

A disease can simultaneously be at-

tributed to or prevented by more than one
risk factor. Therefore, the fractions of the
disease, which are attributed to different
risk factors, overlap with each other and
cannot be simply summed up. To esti-
mate the proportion of the disease that is
attributed to a certain number of risk fac-
tors, combined PAR should be estimated.
Our combined PAR showed that the ma-
jority of diabetes cases are preventable.
This finding is in agreement with other
studies. Hu et al. (24) reported that 91%
of diabetes cases in women can be attrib-
uted to overweight, poor diet, lack of ex-
ercise, smoking, and abstinence from
alcohol. Hu et al. studied diet and physi-
cal activity, which were not present in our
study, and their study was restricted to
women. This may explain why they found
a slightly higher estimate for the com-
bined PAR. However, they did not study
any marker of inflammation.

Extra attributable risk was 0.13 for
high serum CRP. This should not be con-
fused with the single adjusted PAR, which
was 0.33 for high serum CRP. Single PAR
indicates the fraction of cases that can be

Table 3—Multivariate-adjusted* PARs of different risk factors for diabetes

All participants Men Women

CRP (3rd vs.
1st tertile)

0.17 (0.11–0.23) 0.16 (0.06–0.26) 0.18 (0.10–0.25)

CRP (2nd and 3rd vs.
1st tertile)

0.32 (0.22–0.42) 0.23 (0.8–0.39) 0.39 (0.26–0.53)

CRP �1 mg/l 0.33 (0.21–0.46) 0.28 (0.10–0.47) 0.37 (0.20–0.53)
BMI �25 kg/m2 0.51 (0.41–0.60) 0.50 (0.37–0.63) 0.51 (0.37–0.64)
High waist

circumference†
0.14 (0.06–0.22) 0.07 (�0.01 to 0.14) 0.22 (0.08–0.35)

Current smoking 0.03 (�0.01 to 0.07) 0.05 (�0.02 to 0.13) 0.02 (�0.03 to 0.06)
Age �65 years 0.15 (0.06–0.24) 0.25 (0.13–0.37) 0.06 (�0.07 to 0.19)
Family history of

diabetes
0.16 (0.11–0.20) 0.15 (0.08–0.21) 0.16 (0.10–0.23)

Data are PAR (95% CI). *Model adjusted for all present covariates: CRP, BMI, waist circumference, current
smoking, age, and family history. †Waist circumference �102 cm for men and �88 cm for women.

Table 2—Percent exposed and multivariate-adjusted* HR of diabetes associated with risk factors

Risk factor

Exposed (%) HR (95% CI) for diabetes

Men
(n � 2,733)

Women
(n � 4,202) All participants Men Women

CRP �1 mg/l 74.8 75.9 1.67 (1.34–2.09) 1.42 (1.11–2.12) 1.77 (1.30–2.40)
BMI �25 kg/m2 61.2 67.0 2.51 (2.00–3.16) 2.57 (1.86–3.56) 2.44 (1.76–3.39)
High waist circumference† 17.6 53.4 1.36 (1.14–1.63) 1.43 (0.97–1.68) 1.47 (1.14–1.88)
Current smoking 29.7 17.2 1.16 (0.96–1.40) 1.37 (0.93–1.56) 1.10 (0.84–1.44)
Age �65 years 60.7 67.9 1.35 (1.14–1.59) 1.64 (1.26–2.11) 1.15 (0.92–1.42)
Family history of diabetes 18.8 22.0 1.87 (1.59–2.20) 1.86 (1.44–2.40) 1.88 (1.52–2.33)

*Model adjusted for CRP, BMI, waist circumference, current smoking, age, and family history. †Waist circumference �102 cm for men and �88 cm for women.
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prevented by lowering serum CRP, as-
suming that the other risk factors remain
unchanged. However, extra attributable
risk suggests that if a hypothetical preven-
tion program has eliminated all other
studied risk factors, lowering serum CRP
still can prevent 13% of incident diabetes
cases. The difference between the single
PAR and the extra attributable risk is due
to those cases that were alternatively at-
tributed to high serum CRP and other risk
factors. These risk factors may act in the
same pathway with CRP, leading to the
development of diabetes. For instance, re-
cent studies suggest that at least a part of
the association of obesity (4) and smoking
(25,26) with diabetes may be through
low-grade chronic inflammation.

Caution should be taken in interpret-
ing the PAR in practice. In computing
PARs, we assume that all participants who
are labeled as exposed will shift to the
nonexposed group without causing any
change in the risk factor distribution in
the nonexposed group. Moreover, we as-
sume that the risk of the disease decreases
instantly after the intervention. In prac-
tice, however, the effect of an intervention
is likely to be different. First, a part of the
population succeeds to modify the risk
factor but cannot avoid it. Second, the
risk factor distribution will change in the
nonexposed population. Third, the risk of
the disease does not decrease instantly af-
ter removing the risk factor. Therefore,
one should be careful in translating the
PAR from such studies into practice. Fur-
thermore, a high combined PAR does not
mean that no additional risk factors can
be detected for diabetes. The diabetes
cases that are attributed to the current risk
factors can alternatively be attributed to a
novel risk factor, when the novel risk fac-
tor interacts with the currently known
risk factors.

Our study has the advantage of hav-

ing a large sample size, a long follow-up
period, and a considerable number of in-
cident diabetes cases. However, a limita-
tion is that physical activity was not
measured in our study at baseline. Inclu-
sion of physical activity in the models will
probably modify the HR and the PAR of
other risk factors. One other limitation
was that our study population was �55
years old, which may raise a debate on the
generalizability of our results. To examine
the issue, we divided the population to
subgroups of �65 and �65 years old.
The PAR estimates were nearly the same
for both groups (32.3 vs. 32.9%). This is
not surprising since the association be-
tween serum CRP and diabetes was stron-
ger in subjects age �65 years, and high
serum CRP (�1 mg/l) was more prevalent
in subjects aged �65 years. This shows
that PAR estimates are not modified by
age and that our findings can be extrapo-
lated to other age-groups.

In conclusion, high CRP is a major
contributor to the risk of type 2 diabetes.
The modifiable risk factors studied con-
tribute to two-thirds of the risk of diabe-
tes. A large part of the diabetes cases can
be prevented if the modifiable risk factors
were eliminated.
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