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OBJECTIVE — Several large prospective studies have shown that baseline levels of C-reactive
protein (CRP) are an independent predictor of cardiovascular events among apparently healthy
individuals. However, prospective data on whether CRP predicts cardiovascular events in dia-
betic patients are limited so far.

RESEARCH DESIGN AND METHODS — To investigate the association between
plasma CRP levels and incidence of cardiovascular events among men with type 2 diabetes, we
followed prospectively a cohort of 746 American men aged 46–81 years who were free of
cardiovascular diseases at the time of blood collection in 1993–1994.

RESULTS — During an average of 5 years of follow-up (3,986 person-years), we identified
103 incident cardiovascular events (18 myocardial infarction, 70 coronary artery bypass grafting
or angioplasty, and 15 stroke), confirmed by medical records. After adjustment for age, BMI,
smoking, alcohol consumption, physical activity, family history of coronary heart disease, his-
tory of high blood pressure, history of high serum cholesterol, aspirin use, and fasting status as
well as for fibrinogen, creatinine, HbA1c, and non-HDL cholesterol levels, CRP remained signif-
icantly associated with an increased risk of cardiovascular events. The relative risks for quartiles
were 1.00, 1.51, 2.52, and 2.62 (95% CI: 1.29–5.32; P for trend: 0.011). We observed no effect
modifications by plasma levels of LDL cholesterol, HDL cholesterol, non-HDL cholesterol,
apolipoprotein B, HbA1c, and fibrinogen or by BMI.

CONCLUSIONS — High plasma levels of CRP were associated with an increased risk of
incident cardiovascular events among diabetic men, independent of currently established life-
style risk factors, blood lipids, and glycemic control.

Diabetes Care 27:889–894, 2004

P atients with type 2 diabetes have a
markedly increased atherosclerotic
risk (1). The risk of fatal coronary

heart disease (CHD) among subjects with
diabetes is comparable to that observed in
subjects who have had a previous myo-
cardial infarction (2,3). Although this
increased risk has previously been attrib-

uted mainly to hyperglycemia, dyslipide-
mia, and a prothrombotic state (4), recent
observations in apparently healthy indi-
viduals have focused attention on inflam-
matory mechanisms that may be relevant
in patients with diabetes as well (5). Sev-
eral large prospective studies have shown
that baseline levels of C-reactive protein

(CRP) are an independent predictor of
cardiovascular events among apparently
healthy individuals (6,7). However, data
on CRP and cardiovascular disease (CVD)
among diabetic subjects are limited, and
in many cases, study size was too small to
be informative (8,9). In the prospective
Honolulu Heart Program (10,11), the as-
sociations between CRP and risk of
thromboembolic stroke or myocardial in-
farction were generally weaker and not
significant in diabetic compared with
nondiabetic subjects. Given the relatively
scarce data at hand, we conducted this
study to determine whether CRP predicts
cardiovascular events among subjects
with diabetes, independent of currently
established risk factors, e.g., blood lipid
levels and glycemic control.

RESEARCH DESIGN AND
METHODS — The Health Profession-
als Follow-up Study is a prospective co-
hort study of 51,529 American male
health professionals (dentists, veterinari-
ans, pharmacists, optometrists, osteo-
pathic physicians, and podiatrists) aged
40–75 years at study initiation in 1986.
This cohort is followed through biennial
mailed questionnaires focusing on vari-
ous lifestyle factors and health outcomes.
In addition, between 1993 and 1994,
18,159 study participants provided blood
samples by overnight courier. Among
participants who returned blood samples,
1,000 had a confirmed diagnosis of type 2
diabetes (as reported on a supplementary
questionnaire sent to all men who re-
ported a diagnosis of diabetes) at baseline
or during follow-up through 1998. The
present study included 746 men who did
not report a diagnosis of angina pectoris,
myocardial infarction, coronary artery
bypass grafting (CABG) or percutaneous
transluminal coronary angioplasty
(PTCA), or stroke on any of the biennially
questionnaires before blood collection.

Diabetes and cardiovascular end
point definitions
In accordance with the criteria of the Na-
tional Diabetes Data Group (12), confir-
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mation of diabetes required at least one
of the following self-reports on a sup-
plementary questionnaire: 1) elevated
plasma glucose concentration (fasting
plasma glucose �7.8 mmol/l, random
plasma glucose �11.1 mmol/l, and/or
plasma glucose �11.1 mmol/l after �2 h
during an oral glucose tolerance test) plus
at least one classic symptom (excessive
thirst, polyuria, weight loss, or hunger);
2) no symptoms but at least two elevated
plasma glucose concentrations (by the
above criteria) on different occasions; or
3) treatment with hypoglycemic medica-
tion (insulin or oral hypoglycemic agent).
We used the National Diabetes Data
Group criteria to define diabetes because
most of our subjects were diagnosed be-
fore the release of the American Diabetes
Association criteria in 1997 (13). The va-
lidity of self-reported diabetes using the
supplementary questionnaire has been
documented in a subsample of 71 men
from the Health Professionals Follow-up
Study cohort. Of these, 12 had incom-
plete records, whereas the diagnosis of
type 2 diabetes was confirmed in 57
(97%) of the remaining 59 subjects (14).

Cardiovascular end points consisted
of fatal stroke, nonfatal stroke, fatal CHD,
nonfatal myocardial infarction, and
CABG/PTCA. The end points did not
include angina pectoris. Nonfatal myo-
cardial infarction was confirmed by re-
viewing medical records using the criteria
of the World Health Organization of
symptoms plus either typical electrocar-
diographic changes or elevated cardiac
enzyme levels (15). Stroke was confirmed
by reviewing medical records using the
criteria of the National Survey of Stroke
(16), requiring evidence of a neurological
deficit with sudden or rapid onset that
persisted for �24 h or until death. Physi-
cians who reviewed the records had no
knowledge of the self-reported risk factor
status. Deaths were reported by next of
kin, the postal system, and through
records of the National Death Index. Us-
ing all sources combined, it is estimated
that follow-up for deaths was �98% com-
plete (17). Cardiovascular deaths (fatal
myocardial infarction, fatal stroke, and
coronary disease) were confirmed by re-
view of medical records or autopsy re-
ports with the permission of the next of
kin. The cause listed on the death certifi-
cate was not sufficient alone to confirm
coronary death or stroke. Sudden deaths
(i.e., death within 1 h of symptom onset

in a man without known disease that
could explain death) were included in the
fatal CHD category.

Blood collection and processing
Each interested participant was sent a
blood collection kit containing instruc-
tions and needed supplies (blood tubes,
tourniquet, gauze, adhesive bandages,
and needles). The participants made ar-
rangements for the blood to be drawn.
Blood samples were collected in three
10-ml liquid EDTA blood tubes, placed
on ice packs stored in Styrofoam contain-
ers, and returned to our laboratory via
overnight courier; �95% of the samples
arrived within 24 h. After receipt, the
chilled blood was centrifuged; aliquoted
into plasma, erythrocytes, and buffy coat;
and stored in continuously monitored ni-
trogen freezers at a temperature not
higher than �130°C. We requested infor-
mation on the date and time of the blood
sample collection and the time elapsed
since the preceding meal to identify non-
fasting (�8 h) subjects. All biomarker as-
says were performed using a Hitachi 911
analyzer (Roche Diagnostics, Indianapo-
lis, IN). CRP was measured via an immu-
noturbidimetric assay using reagents and
calibrators from Denka Seiken (Niigata,
Japan). This assay has a sensitivity of 0.1
mg/l. The day-to-day variability of the as-
say at concentrations of 0.91, 3.07, and
13.38 mg/l were 2.8, 1.6, and 1.1%, re-
spectively. Determination of HbA1c was
based on turbidimetric immunoinhibi-
tion using hemolyzed whole blood or
packed red cells. The day-to-day variabil-
ity at HbA1c concentrations of 5.5 and
9.1% was 1.9 and 3.0%, respectively.
Creatinine was measured by a rate-
blanked method that is based on the Jaffe
reaction using Roche Diagnostics reagents
(Indianapolis, IN) with a day-to-day vari-
ability of 5.0 and 2.2% at concentrations
of 106.1 and 565.8 �mol/l, respectively.
Fibrinogen was measured with an immu-
noturbidimetric assay using reagents and
calibrators from Kamiya Biomedical (Se-
attle, WA). The day-to-day variability of
the assay at concentrations of 4.92, 9.51,
and 16.29 �mol/l were 0.9, 1.1, and
1.5%, respectively. The determination of
total cholesterol and HDL cholesterol
concentrations was simultaneously per-
formed using reagents and calibrators
from Roche Diagnostics (Indianapolis,
IN); coefficients of variation for these
measurements were �1.8%. LDL choles-

terol was measured by a homogenous di-
rect method from Genzyme Corporation
(Cambridge, MA). The day-to-day vari-
ability at LDL cholesterol concentrations
of 2.33, 2.74, and 3.34 mmol/l was
�3.1%. Measurement of apolipoprotein
B-100 (apoB) was based on the immu-
nonephelometric assay using reagents
and calibrators from Wako Chemicals
(Richmond, VA) with a day-to-day vari-
ability of �5%. We calculated non-HDL
cholesterol as the difference between total
and HDL cholesterol.

Assessment of lifestyle exposures
Participants provided information bien-
nially on their age, weight, smoking sta-
tus, aspirin use, and physical activity. If
the weight was missing, we used the
weight reported on the preceding ques-
tionnaire instead. We calculated BMI as
the ratio of weight (in kg) to squared
height (in m2). Self-reports of body
weight have been shown to be highly cor-
related with technician-measured weights
(r � 0.97) in this cohort (18). Physical
activity was computed as metabolic
equivalents per week using the duration
per week of various forms of exercise,
weighting each activity by its intensity
level (19). History of high blood pressure,
high serum cholesterol, and cancer was
determined from self-reports preceding
the blood collection. Family history of
CHD was reported in 1986. Alcohol in-
take was estimated with a dietary ques-
tionnaire in 1994.

Statistical analysis
We used Cox proportional hazards anal-
ysis stratified on 5-year age categories and
over each 2-year follow-up interval to es-
timate the relative risk (RR) for each cat-
egory of CRP compared with the lowest
category. Person-months of follow-up ac-
cumulated starting with the reported date
of blood collection. Participants in whom
CVD was diagnosed or who died during
follow-up were censored at the date of
diagnosis or death. All other participants
were followed through January 2000 or
the return date of the last questionnaire if
no questionnaire was returned in 2000.
Participants were divided according to
the American Heart Association risk cate-
gories for CRP (�1.0, 1.0–3.0, and �3.0
mg/l) (20). Because these risk categories
are largely based on studies among appar-
ently healthy individuals and their rele-
vance among patients with diabetes is
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unknown, we also used a population-
based approach and divided participants
into quartiles of CRP levels. Tests for
trend were calculated by assigning the
median values to increasing categories of
CRP. Multivariate models included the
following covariates: physical activity
(quartiles), alcohol intake (0, 0.1–4.9,
5.0–9.9, 10.0–14.9, and �15.0 g/day),
family history of CHD, history of high
blood pressure at blood collection, his-
tory of high blood cholesterol at blood
collection, aspirin use, smoking (never,
past, and current), and BMI (missing,

�23, 23–24, 25–27, 28–30, and �31 kg/
m2). In secondary analyses, we addition-
ally controlled for creatinine, HbA1c,
fibrinogen, and non-HDL cholesterol to
estimate whether CRP predicts CVD risk
independent of these risk markers. We
also constructed Kaplan-Meier curves for
event-free survival for American Heart
Association risk categories and tested for
effect modification by BMI, LDL choles-
terol, HDL cholesterol, and apoB by per-
forming Cox proportional hazards
analyses stratified by these variables and
by evaluating interaction terms. All statis-

tical analyses were performed using SAS
statistical software (SAS Institute, Cary,
NC).

RESULTS — During an average of 5
years of follow-up (3,986 person-years),
we identified 103 incident cases of CVD
(18 myocardial infarction, 70 CABG/
PTCA, and 15 stroke) confirmed by med-
ical records. Among the study population
of 746 men, case subjects had a signifi-
cantly higher baseline age and higher lev-
els of CRP, apoB, LDL cholesterol, and
non-HDL cholesterol but lower levels of
HDL cholesterol (Table 1). In addition,
case subjects were more likely to have a
history of hypertension at the time of
blood collection. Although case subjects
tended to use aspirin more frequently and
to have higher HbA1c levels, these differ-
ences were not statistically significant.

Increasing CRP levels were strongly
associated with progressively higher risk
of CVD (Table 2). The age-adjusted RRs
across quartiles were 1.00, 1.77, 2.52,
and 2.23 (P for trend: 0.037). This asso-
ciation remained strong after further ad-
justment for BMI, alcohol consumption,
smoking, family history of CHD, physical
activity, history of high blood pressure,
history of high serum cholesterol, aspirin
use, and fasting status. Further adjust-
ment for fibrinogen, creatinine, HbA1c,
and non-HDL cholesterol levels did not
materially change this observation. The
RRs for quartiles were 1.00, 1.51, 2.52,
and 2.62 (95% CI: 1.29 –5.32; P for
trend: 0.011). Adjustment for HDL cho-
lesterol in addition to non-HDL choles-
terol only slightly attenuated this
association (RR for extreme quartiles:
2.25, 95% CI: 1.09–4.63; P for trend:
0.037). Furthermore, results remained
similar after adjustment for apoB instead

Table 1—Baseline characteristics of case subjects and non-case subjects

Case
subjects

Non-case
subjects P value

n 103 643
Age (years) 65.4 � 7.1 62.7 � 8.6 0.005
BMI (kg/m2)* 27.6 � 3.9 27.9 � 4.3 0.820
Physical activity (metabolic

equivalents/week)†
32.7 � 36.2 29.2 � 33.2 0.235

Currently smoking (%) 7.8 5.9 0.467
Aspirin use (%) 46.6 37.2 0.068
Duration of diabetes (years) 6.8 � 8.0 7.4 � 9.7 0.574
Family history of CHD (%) 13.6 12.4 0.744
History of hypertension (%) 61.2 44.8 0.002
History of high serum

cholesterol (%)
47.6 42.6 0.346

Alcohol (g/day)‡ 7.7 � 13.5 9.5 � 14.4 0.105
CRP (mg/l) 3.25 � 4.24 2.83 � 4.48 0.010
HbA1c (%) 7.6 � 1.7 7.3 � 1.6 0.062
apoB (g/l) 1.11 � 0.22 1.04 � 0.25 0.007
Fibrinogen (�mol/l) 13.75 � 3.66 13.69 � 3.69 0.964
Creatinine (�mol/l) 93.75 � 33.69 92.71 � 21.94 0.670
LDL cholesterol (mmol/l) 3.48 � 0.90 3.24 � 0.95 0.012
HDL cholesterol (mmol/l) 0.99 � 0.23 1.07 � 0.29 0.023
Non-HDL cholesterol (mmol/l) 4.69 � 0.93 4.35 � 1.02 0.002

Data are means � SD or percentages. Tests were two-sided Wilcoxon’s signed-rank test or �2 test. *98 case
subjects and 619 non-case subjects due to missing values; †97 case subjects and 600 non-case subjects due
to missing values; ‡99 case subjects and 600 non-case subjects due to missing values.

Table 2—RRs of cardiovascular events according to quartiles of CRP among 746 men with diabetes

Quartiles of CRP P for
trend1 2 3 4

Median (mg/l) 0.53 1.18 2.26 4.86
Age-adjusted RR 1.00 1.77 (0.92–3.42) 2.52 (1.36–4.70) 2.23 (1.18–4.22) 0.037
Multivariate-adjusted RR* 1.00 1.59 (0.81–3.11) 2.47 (1.30–4.70) 2.26 (1.15–4.41) 0.037
Further adjustment for fibrinogen, creatinine, and HbA1c 1.00 1.65 (0.83–3.25) 2.63 (1.36–5.06) 2.68 (1.32–5.43) 0.012
Further adjustment for fibrinogen, creatinine, HbA1c,

and non-HDL
1.00 1.51 (0.76–2.98) 2.52 (1.31–4.86) 2.62 (1.29–5.32) 0.011

Data are RR (95% CI). *Adjusted for age, physical activity (quartiles), alcohol intake (0, 0.1–4.9, 5.0–9.9, 10.0–14.9, and �15.0 g/day), family history of CHD,
history of high blood pressure at blood collection, history of high serum cholesterol at blood collection, aspirin use, smoking (never, past, current), fasting status,
and BMI (missing, �23, 23–24, 25–27, 28–30, and �31 kg/m2).

Schulze and Associates

DIABETES CARE, VOLUME 27, NUMBER 4, APRIL 2004 891



of non-HDL cholesterol (RR for extreme
quartiles: 2.51; 95% CI: 1.23–5.09; P for
trend: 0.020). We repeated our analysis
considering CHD end points only, thus
not including stroke. Results were very
similar (RR for extreme quartiles adjusted
for lifestyle covariates and fibrinogen,
creatinine, HbA1c, and non-HDL choles-
terol: 2.54; 95% CI: 1.16 –5.58; P for
trend: 0.045). Because inflammation
might be related to cancer risk and sur-
vival (21), we excluded in a secondary
analysis 16 study participants who had a
diagnosis of cancer at the time of blood
collection (n � 99 remaining CVD cases).
CRP remained strongly associated with
CVD risk (RR for extreme quartiles: 2.48;
95% CI: 1.21–5.05; P for trend: 0.015).
Because our initial analysis combined
men with both prevalent and incident di-
abetes but associations between CRP and
CVD risk might differ between both
groups, we excluded 198 participants
who were diagnosed with diabetes after
blood collection (n � 84 remaining CVD
cases) in a further analysis. The RRs for
quartiles were 1.00, 1.86, 3.21, and 2.90
(95% CI: 1.25–6.77; P for trend: 0.039).

We examined the joint effect of CRP
and non-HDL cholesterol by cross-
classifying participants by both variables.
The effect of CRP was independent but

additive to that of non-HDL cholesterol.
The RR for the combination of a CRP level
above the population median (�1.63
mg/l) and a non-HDL cholesterol level
above the population median (�4.34
mmol/l) compared with the opposite ex-
treme was 3.57 (95% CI: 1.84–6.92).

The probability of event-free survival
according to American Heart Association
risk categories (CRP �1.0, 1.0–3.0, and
�3.0 mg/l) is shown in Fig. 1. Multivari-
ate adjusted RRs for these categories were
1.00, 1.50, and 2.09 (95% CI: 1.12–3.89,
P for trend: 0.028). We used stratified
analysis to assess whether BMI, hyperten-
sion, LDL cholesterol, HDL cholesterol,
apoB, HbA1c, and fibrinogen modified
this association (Table 3). The association
between CRP and CVD appeared to be
stronger among subjects with higher BMI,
HDL cholesterol, and HbA1c, with lower
apoB, and with a history of hypertension.
However, none of the tests for interaction
were statistically significant, although ad-
mittedly, we had limited statistical power.

CONCLUSIONS — We found that
among men with type 2 diabetes, high
plasma levels of CRP were associated with
an increased risk of incident cardiovascu-
lar events. Although subjects who devel-
oped CVD during follow-up were older

and had a higher prevalence of hyperten-
sion at baseline, this association was inde-
pendent of these and other lifestyle and
clinical risk factors. HbA1c and non-HDL
cholesterol did not account for the ob-
served association between CRP and risk
of cardiovascular events. This suggests
that inflammation might be associated
with cardiovascular complications in dia-
betic subjects independent of hyperglyce-
mia and dyslipidemia.

Although the increased cardiovascu-
lar risk in patients with type 2 diabetes
(2,3) has previously been mainly attrib-
uted to hyperglycemia, dyslipidemia, and
a prothrombotic state, our results confirm
the hypothesis that inflammatory mecha-
nisms may be relevant in patients with
diabetes (4). In addition to advanced gly-
cation end product–mediated cytokine
release, other pathogenic phenomena in
subjects with diabetes, such as an increase
in formulation of immune complexes
with modified lipoproteins, might be rel-
evant contributors to CRP release (4). It is
likely that the associated risk is mediated
through multiple pathways, including in-
sulin resistance and hyperglycemia as
well as direct effects on the vessel wall
(22). CRP levels were found to be associ-
ated with insulin resistance (23,24) and
risk of type 2 diabetes (25,26). In addi-
tion, recent findings suggest that inflam-
mation might not only play a possible role
in diabetogenesis but also in hyperglyce-
mia after diabetes has been established
(27). Furthermore, CRP is associated with
several aspects of the metabolic syndrome
(28) and is not only a marker of low-grade
chronic systemic inflammation but also
causes expression of endothelial cell ad-
hesion molecules (29) and activation of
complement (30). It furthermore medi-
ates LDL uptake to macrophages (31) and
promotes atherothrombosis by increasing
plasminogen activator inhibitor 1 (32).

Several large prospective studies
show that CRP is an independent predic-
tor of cardiovascular events among
healthy individuals (6,7). However, evi-
dence that CRP is a robust predictor
among patients with type 2 diabetes is less
consistent and very limited. In contrast to
case-control studies, which found CRP to
be associated with CHD risk (8,9), in the
prospective Honolulu Heart Program
(10,11), the associations between CRP
and risk of thromboembolic stroke or
myocardial infarction were generally
weaker and not significant in diabetic

Figure 1—Cardiovascular event-free survival stratified by CRP. ——–, CRP �1.0 mg/l; - - - -,
CRP � 1.0–3.0 mg/l; ———-, CRP �3.0 mg/l.

CRP and CVD among men with diabetes
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subjects compared with nondiabetic sub-
jects. The latter results suggest that al-
though inflammation may still be
important, in the presence of other risk
factors, a high risk of CVD could mask
any residual effects of inflammation
(10,11). However, our findings do not
support this hypothesis but are rather
consistent with observations that CRP
adds clinically relevant prognostic infor-
mation among high-risk subjects, e.g.,
those with the metabolic syndrome (28).

One limitation of our study is the rel-
atively small sample size. We were not
able to examine stroke as a separate end
point but included stroke with CHD in a
single end point instead. However, previ-
ous studies have found similar associa-
tions for both end points (10,11). This
relatively small sample power has led to
unstable estimates in stratified analyses.
We do not believe that a lack of control for
confounding by body fatness limits the
validity of our results. We controlled for
BMI in our analysis using several catego-
ries and results were similar using contin-
uous BMI instead (data not shown). In
addition, although body fat distribution,
rather than overall body size, might be a
more important determinant of CRP lev-
els (33,34), the results were similar when
we adjusted for waist circumference or
waist-to-hip ratio instead of BMI (data not
shown).

In conclusion, our findings support
the hypothesis that high CRP levels in-
crease the risk of cardiovascular events
among men with type 2 diabetes, inde-
pendent of currently established lifestyle
and metabolic risk factors in diabetic sub-
jects, e.g., obesity, cholesterol levels, and
HbA1c.
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