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A bs tr ac t

Background

Elevated levels of C-reactive protein (CRP) are associated with increased risks of 
ischemic heart disease and ischemic cerebrovascular disease. We tested whether 
this is a causal association.

Methods

We studied 10,276 persons from a general population cohort, including 1786 in 
whom ischemic heart disease developed and 741 in whom ischemic cerebrovascular 
disease developed. We examined another 31,992 persons from a cross-sectional 
general population study, of whom 2521 had ischemic heart disease and 1483 had 
ischemic cerebrovascular disease. Finally, we compared 2238 patients with ischemic 
heart disease with 4474 control subjects and 612 patients with ischemic cerebrovas-
cular disease with 1224 control subjects. We measured levels of high-sensitivity 
CRP and conducted genotyping for four CRP polymorphisms and two apolipopro-
tein E polymorphisms.

Results

The risk of ischemic heart disease and ischemic cerebrovascular disease was in-
creased by a factor of 1.6 and 1.3, respectively, in persons who had CRP levels above 
3 mg per liter, as compared with persons who had CRP levels below 1 mg per liter. 
Genotype combinations of the four CRP polymorphisms were associated with an 
increase in CRP levels of up to 64%, resulting in a theoretically predicted increased 
risk of up to 32% for ischemic heart disease and up to 25% for ischemic cerebro-
vascular disease. However, these genotype combinations were not associated with 
an increased risk of ischemic vascular disease. In contrast, apolipoprotein E geno-
types were associated with both elevated cholesterol levels and an increased risk of 
ischemic heart disease.

Conclusions

Polymorphisms in the CRP gene are associated with marked increases in CRP levels 
and thus with a theoretically predicted increase in the risk of ischemic vascular 
disease. However, these polymorphisms are not in themselves associated with an 
increased risk of ischemic vascular disease.
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Elevated plasma levels of C-reactive 
protein (CRP) are associated with increased 
risks of ischemic heart disease and ischemic 

cerebrovascular disease.1-5 However, whether CRP 
is simply a marker for ischemic vascular disease 
or whether elevated CRP levels actually contrib-
ute directly to causing such disorders is presently 
unknown. This question has clinical importance, 
since several drugs that specifically lower CRP 
levels are being developed,6 with the ultimate 
aim of preventing ischemic vascular disease.

The random assortment of genes that occurs 
during gamete formation provides a relatively un
biased method of assessing whether risk factors 
that have a genetic component are in fact causal
ly related to clinical outcomes.7 This phenomenon 
has sometimes been termed “mendelian random-
ization.” Thus, genetic variants that specifically 
increase plasma levels of CRP8,9 provide an ideal 
system to assess the consequences of lifelong high 
CRP levels, independently of other risk factors.7

We examined the hypothesis that genetically 
elevated CRP levels cause increased risks of ische
mic heart disease and ischemic cerebrovascular 
disease. We tested, first, whether CRP levels were 
associated with the risks of ischemic heart dis-
ease and ischemic cerebrovascular disease; sec-
ond, whether CRP single-nucleotide polymor-
phisms were associated with CRP levels; and 
third, whether CRP polymorphisms were associ-
ated with increases in the risks of ischemic heart 
disease and ischemic cerebrovascular disease that 
were consistent with their effects on CRP levels.

Me thods

We studied four independent cohorts of white 
people of Danish descent. These groups were de-
fined so that no person appears in more than 
one of the four analysis groups, thus permitting 
independent confirmation of the findings in each 
group. Details about each study cohort are pro-
vided in the Supplementary Appendix, available 
with the full text of this article at www.nejm.org.

The studies were approved by Herlev Hospital 
and by Danish ethics committees (the Copenha-
gen and Frederiksberg committee and the Copen-
hagen County committee) and were conducted 
according to the standards of the Declaration of 
Helsinki. Written informed consent was obtained 
from the participants.

Study Cohorts

The Copenhagen City Heart Study10,11 is a pro-
spective study of a cohort of persons randomly 
selected from the population of the city of Co-
penhagen. Data were available from this study on 
rates of ischemic heart disease (including fatal or 
nonfatal myocardial infarction, symptoms of an-
gina pectoris, and revascularization procedures) 
and rates of ischemic cerebrovascular disease (in-
cluding fatal or nonfatal ischemic stroke, tran-
sient ischemic attack, and amaurosis fugax). We 
included 10,276 participants from this study in the 
present analysis, including 1786 in whom isch-
emic heart disease developed and 741 in whom 
ischemic cerebrovascular disease developed.

The Copenhagen General Population Study10,12 
is a cross-sectional study of persons selected from 
the population of the city of Copenhagen. Diag-
noses of ischemic heart disease and ischemic 
cerebrovascular disease were made according to 
the same criteria as those used in the Copenha-
gen City Heart Study. We included 37,690 par-
ticipants in this study in the present analysis. Of 
these, 31,992 participants (of whom 2521 had 
ischemic heart disease and 1483 had ischemic 
cerebrovascular disease) were analyzed as a sin-
gle cohort for the association of CRP polymor-
phisms with clinical events; 4474 additional 
participants were used as controls for the Co-
penhagen Ischemic Heart Disease Study, and 
1224 were used as controls for the Copenhagen 
Carotid Stroke Study. Of the 37,690 participants, 
34,233 who were not receiving statin treatment 
were included in the analysis of correlation 
between CRP polymorphisms and plasma CRP 
levels.

The Copenhagen Ischemic Heart Disease 
Study12 was conducted on a cohort of 2238 pa-
tients who had been referred for coronary angiog-
raphy and had documented evidence of ischemic 
heart disease on the basis of characteristic symp-
toms of stable angina pectoris, plus at least one 
of the following: at least one coronary stenosis 
of more than 50% of vessel diameter or diffuse 
atherosclerosis according to coronary angiogra-
phy, a previous myocardial infarction, or a posi-
tive result on a bicycle exercise electrocardiogra-
phy test. These patients were matched according 
to sex and age (within 1-year strata) with 4474 
control subjects without ischemic heart disease 
from the Copenhagen General Population Study.
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The Copenhagen Carotid Stroke Study13 was 
conducted on a cohort of 612 patients who had 
been referred for carotid artery ultrasonography 
and had documented evidence of ischemic cere-
brovascular disease on the basis of ischemic 
stroke, transient ischemic attack, or amaurosis 
fugax, together with a stenosis of at least 50% of 
a carotid artery. Patients with hemorrhage were 
excluded by means of computed tomography. 
These patients were matched according to sex and 
age (within 1-year strata) with 1224 control sub-
jects without ischemic cerebrovascular disease 
from the Copenhagen General Population Study.

Genotyping and Biochemical Analyses

An ABI PRISM 7900HT Sequence Detection Sys-
tem (Applied Biosystems) was used to perform 
genotyping for four single-nucleotide polymor-
phisms in the CRP gene (rs3091244, rs1130864, 
rs1205, and rs3093077)8 and two in the apolipo-
protein E gene (rs429358 and rs7412).14 Genotyp-
ing was verified by DNA sequencing in more than 
30 persons with each genotype. High-sensitivity 
CRP was measured by nephelometry or turbidim-
etry. CRP levels were classified as low (<1.0 mg 
per liter), average (1.0 to 3.0 mg per liter), or high 
(>3.0 mg per liter). Levels of total cholesterol, 
low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglyc-
erides were measured with the use of standard 
hospital assays (Boehringer Mannheim or Kone
lab). The level of LDL cholesterol was calculated 
with the use of the Friedewald equation if the 
triglyceride level was less than 4 mmol per liter 
(354 mg per deciliter) and was measured directly 
for higher triglyceride levels.

Statistical Analysis

We used Stata and NCSS-PASS software for all 
analyses. For trend tests, the groups of subjects 
classified according to CRP level, genotype, or 
genotype combination were coded as 1, 2, 3, and 
so forth, ranked according to increasing CRP lev-
els. From the four CRP polymorphisms, we gen-
erated all possible genotype combinations and 
ranked the nine most common combinations ac-
cording to increasing plasma CRP levels. Apolipo-
protein E genotypes were ranked in a similar 
fashion according to increasing plasma choles-
terol levels.

To investigate our study hypothesis, we first 

analyzed the relationship between plasma CRP 
levels and the risks of ischemic heart disease 
and ischemic cerebrovascular disease in the pro-
spective Copenhagen City Heart Study, with the 
use of left truncation (or delayed entry) from the 
results of examinations conducted from 1991 
through 1994.15 Cox regression models with age 
as the time scale, adjusted for age, sex, and use 
or nonuse of statins, were used to estimate the 
hazard ratios for ischemic heart disease and is
chemic cerebrovascular disease. Additional re-
gression models that included CRP genotype 
and multivariable models that included a full set 
of available risk factors (see Tables 1 and 2 in the 
Supplementary Appendix) were also developed. 
Data from the serial examinations of the Copen-
hagen City Heart Study were used as time-depen-
dent covariates for multivariable adjustment.

Second, we analyzed the relationship between 
CRP polymorphisms and polymorphism combi-
nations and plasma CRP levels in the cross-sec-
tional Copenhagen General Population Study. 
Analyses were performed with the use of Kruskal–
Wallis analysis of variance.

Third, we analyzed the relationship between 
CRP polymorphisms and the risks of ischemic 
heart disease and ischemic cerebrovascular dis-
ease in the prospective Copenhagen City Heart 
Study, with the use of the results of examina-
tions conducted from 1976 through 1978 that 
involved left truncation (or delayed entry).15 Cox 
regression models with age as the time scale, 
adjusted for age and sex (or adjusted for all co-
variates), were used to estimate the hazard ratios 
for ischemic heart disease and ischemic cardio-
vascular disease. This analysis was retested in the 
cross-sectional Copenhagen General Population 
Study; conditional logistic-regression analyses ad-
justed for age and sex (or for all covariates) were 
used to estimate the odds ratios for ischemic heart 
disease and ischemic cerebrovascular disease.

Finally, a third test of the relationship between 
CRP polymorphisms and the risk of vascular 
disease was performed, with data from the Co-
penhagen Ischemic Heart Disease Study used for 
the ischemic heart disease end point and data 
from the Copenhagen Carotid Stroke Study used 
for the ischemic cerebrovascular disease end point. 
For each of these analyses, patients were matched 
according to age and sex with control subjects 
from the Copenhagen General Population Study, 
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and conditional logistic-regression analyses (ei-
ther crude or adjusted for all covariates) were used 
to estimate the odds ratios for ischemic heart 
disease and ischemic cerebrovascular disease.

The increases in the hazard ratios for ische
mic heart disease and ischemic cerebrovascular 
disease for a 1% increase in CRP level in the 
Copenhagen City Heart Study were used to pre-
dict theoretical hazard ratios for ischemic heart 
disease and ischemic cerebrovascular disease as-
sociated with the changes in CRP levels caused 
by the combined genotypes. Observed and theo-
retically predicted hazard ratios as a function of 
plasma CRP levels were corrected for regression 
dilution bias16,17; similar calculations were per-
formed for apolipoprotein E genotype, plasma 
cholesterol levels, and the risk of ischemic heart 
disease. Logistic-regression analysis was used to 
calculate a combined odds ratio for ischemic 
heart disease and ischemic cerebrovascular dis-
ease as a function of genotype for all studies 
combined (all patients with ischemic heart dis-
ease or ischemic cerebrovascular disease as com-
pared with all control subjects).

R esult s

Selected clinical characteristics of the participants 
in each study cohort are shown in Tables 1, 2, 
and 3 of the Supplementary Appendix. As would 
be anticipated, persons in both cohorts with vas-
cular disease were older and more likely to be 
male than those without vascular disease, except 
for the age- and sex-matched patients and con-
trol subjects of the Copenhagen Ischemic Heart 
Disease Study and the Copenhagen Carotid Stroke 
Study. Those with vascular disease also tended to 
have higher levels of total and LDL cholesterol 
(except for those in the Copenhagen General 
Population Study, in which persons with vascular 
disease were more likely to use lipid-lowering 
therapy) and higher rates of diabetes, cigarette 
smoking, and use of antihypertensive therapy.

Plasma CRP and the Risk of Vascular Disease

The risk of ischemic heart disease was increased 
by a factor of 2.2 (95% confidence interval [CI], 
1.6 to 2.9) and the risk of ischemic cerebrovascu-
lar disease by a factor of 1.6 (95% CI, 1.1 to 2.5) 
in persons with CRP levels above 3 mg per liter, 
as compared with persons with CRP levels below 
1 mg per liter, after adjustment for age, sex, and 

use or nonuse of statins (Fig. 1). After adjustment 
for age, sex, use or nonuse of statins, and CRP 
genotype, the corresponding hazard ratios were 
2.2 (95% CI, 1.6 to 2.9) and 1.6 (95% CI, 1.1 to 2.5). 
After multivariate adjustment, the hazard ratios 
were 1.6 (95% CI, 1.2 to 2.1) and 1.3 (95% CI, 0.8 
to 2.0). P for trend was less than 0.001 in all 
analyses.

CRP Polymorphisms and Plasma CRP

For the CRP polymorphism rs1205, the AA geno-
type was associated with plasma CRP levels that 
were 23% lower than those associated with the 
GG genotype (P for trend, <0.001) (Fig. 2). Signifi-
cant differences in plasma CRP levels were also 
associated with the rs1130864 polymorphism 
(TT vs. CC genotype, 24% increase), the rs3091244 
polymorphism (AA vs. CC genotype, 67% in-
crease), and the rs3093077 polymorphism (GG 
vs. TT genotype, 53% increase) (P for trend for 
all polymorphisms, <0.001). Combining the gen-
otypes resulted in a difference of up to 64% in 
plasma CRP levels between the lowest and high-
est levels among the most common genotype com-
binations (Fig. 2). Partial r 2 values for the differ-
ent CRP polymorphisms ranged from 0.4 to 2.0%.

CRP Polymorphisms and the Risk of Vascular 
Disease

The various cardiovascular risk factors were equal-
ly distributed among the different CRP genotype 
combinations (see Table 3 in the Supplementary 
Appendix). This was also true for each of the four 
genotypes separately and for genotype combina-
tions in each of the individual studies (data not 
shown).

The hazard ratios for ischemic heart disease 
and ischemic cerebrovascular disease as a function 
of genotype in the Copenhagen City Heart Study 
did not differ from 1.0 for any of the individual 
CRP polymorphisms or for genotype combinations 
(P for trend, 0.28 to 0.94) (Fig. 3 and 4). These 
findings were confirmed in the Copenhagen Gen-
eral Population Study (P for trend, 0.13 to 0.95), 
the Copenhagen Ischemic Heart Disease Study 
(P for trend, 0.53 to 0.97), and the Copenhagen 
Carotid Stroke Study (P for trend, 0.79 to 0.99).

Predicted versus Observed Risk of Vascular 
Disease

We assumed that if an elevation in CRP level has 
a causal association with ischemic vascular dis-
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ease, then genetically elevated plasma CRP levels 
should confer the same increase in disease risk 
as that observed for elevated plasma CRP levels 
encountered in the general population. On the 
basis of this assumption, we estimated that the 
64% increment in plasma CRP levels due to CRP 
genotype combination would predict increased 
risks of up to 32% (hazard ratio, 1.32; 95% CI, 
1.26 to 1.39) for ischemic heart disease and of up 
to 25% (hazard ratio, 1.25; 95% CI, 1.15 to 1.35) 
for ischemic cerebrovascular disease (Fig. 5 and 6). 

However, when the data from all studies of ische
mic heart disease and ischemic cerebrovascular 
disease shown in Figures 3 and 4 were combined 
to achieve the maximal statistical power, the ob-
served odds ratios for ischemic heart disease and 
ischemic cerebrovascular disease as a function of 
genotype combination did not differ significant-
ly from 1.0 (Fig. 5 and 6). Similar observations 
were made when genotype combinations 3 to 6 or 
7 to 9 were pooled and compared with genotype 
combination 1.
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Figure 1. Risk of Ischemic Heart Disease (Panel A) and Ischemic Cerebrovascular Disease (Panel B) as a Function  
of Plasma Levels of C-Reactive Protein (CRP) in the General Population. 

Plasma levels of high-sensitivity CRP were measured in persons who participated in the examination of the Copen-
hagen City Heart Study conducted from 1991 through 1994 and were subsequently followed for 12 to 15 years for in-
cident ischemic heart disease events (7934 participants) and ischemic cerebrovascular disease events (8111 partici-
pants); persons who had ischemic heart disease, ischemic cerebrovascular disease, or both before study entry were 
excluded. Multifactorial adjustment was performed for all risk factors shown in Tables 1 and 2 in the Supplementary 
Appendix.
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To test the predictive power of our method and 
to demonstrate that the risk of coronary disease 
in the study cohorts follows established patterns, 
we examined the influence of apolipoprotein E 
genotype on the risk of ischemic heart disease 
in our study sample. The range of apolipoprotein 
E genotypes was associated with an increment 
in plasma cholesterol levels of up to 14%. Given 
this increment, we predicted hazard ratios for 
ischemic heart disease of up to 1.12 (95% CI, 
1.06 to 1.17) across the range of apolipoprotein E 
genotypes (Fig. 5). When the data from all stud-
ies of ischemic heart disease were combined to 
achieve the maximal statistical power, the ob-

served odds ratio for ischemic heart disease as a 
function of apolipoprotein E genotype increased 
with increasing cholesterol levels to 1.35 (95% 
CI, 1.12 to 1.61) for the highest-risk genotype. 
We did not perform a similar analysis for ische
mic cerebrovascular disease, since a relationship 
with apolipoprotein E genotype has not been 
clearly established for this disorder.

Discussion

The principal finding of this study is that CRP 
polymorphisms are associated with markedly in-
creased CRP levels but not with an increased risk 
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Figure 2. Plasma Levels of C-Reactive Protein (CRP) as a Function of CRP Genotype and Genotype Combination  
in the General Population. 

Plasma levels of high-sensitivity CRP were measured and CRP genotyping was performed in 34,233 persons who 
were not receiving statin treatment and who were participating in the Copenhagen General Population Study. Partial 
r2 values were determined after adjustment for variation in plasma CRP levels due to age, sex, smoking status, and 
body-mass index. An asterisk indicates a substitution located after the gene, and a minus sign a substitution located  
in a promoter.
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of ischemic heart disease or ischemic cerebrovas-
cular disease. The absence of an increased risk of 
ischemic vascular disease associated with geneti-
cally elevated CRP levels was consistently observed 
in four large, independent studies, including a 
prospective study of the general population, a cross-
sectional study of the general population, and two 
case–control studies.

In epidemiologic studies, elevated plasma CRP 
levels are consistently associated with increased 
risks of ischemic heart disease and ischemic 
cerebrovascular disease,1-5 as was confirmed in 
the present study. However, most8,18-27 but not 
all8,28-30 previous studies have shown no associa-
tion between CRP polymorphisms or haplotypes 
and the risk of ischemic vascular disease. It has 
therefore been unclear whether CRP is merely a 
marker of underlying atherosclerosis or is itself 
a causal factor for atherosclerosis and ischemic 
vascular disease. The present study, which is sub-
stantially larger than previous studies, was able 
to exclude small increases in the risk of ischemic 
vascular disease. For example, in our analysis, 
we described a genotype combination (7 to 9 vs. 1) 
associated with a 43% increase in CRP level and 
thus a theoretically predicted risk of ischemic heart 
disease of 1.21 (95% CI, 1.17 to 1.25). Instead of 
this elevated risk, however, we observed a risk of 
0.87 (95% CI, 0.75 to 1.02), and our analysis had 
90% statistical power to exclude an odds ratio 
for ischemic heart disease of 1.16, thus effective
ly excluding the predicted association.

Our CRP results are in contrast to our results 
for apolipoprotein E genotypes and to emerging 
genetic data31,32 that show that nearly all gene 
variants that increase LDL cholesterol (8 of 11 
alleles32) are also associated with an increased 
risk of ischemic heart disease. The finding that 
apolipoprotein E genotype variants were associ-
ated with higher odds ratios for ischemic heart 
disease in our study than would be theoretically 
predicted on the basis of elevated cholesterol 
levels alone may be explained by the fact that 
these genotypes also cause elevated levels of non-
fasting triglycerides,14 which are known to in-
crease the risk of ischemic heart disease inde-
pendently of cholesterol levels.10,33 The CRP 
genetic data are more like the genetic data for 
HDL cholesterol. Only a very small fraction of 
alleles related to HDL cholesterol were associat-
ed with the risk of coronary artery disease.12,32

Several limitations of our study should be con-

33
p9

 
(b

ro
ad

si
de

)

C
R

P 
ge

no
ty

pe
 c

om
bi

na
tio

n

1.
 A

A
 

C
C

 
C

C
 

TT

2.
 G

A
 

C
C

 
C

C
 

TT

3.
 G

G
 

C
C

 
C

C
 

TT

4.
 G

A
 

C
T 

C
T 

TT

5.
 G

G
 

C
T 

C
T 

TT

6.
 G

A
 

C
C

 
C

A
 

G
T

7.
 G

G
 

TT
 

TT
 

TT

8.
 G

G
 

C
C

 
C

A
 

G
T

9.
 G

G
 

C
T 

A
T 

G
T

3–
6

7–
9

G
en

ot
yp

e

A
U

TH
O

R
:

FI
G

U
R

E:

JO
B

:

4-
C

H
/T

R
ET

A
K

E SI
Z

E

IC
M

C
A

SE

EM
ai

l
Li

ne
H

/T
C

om
bo

R
ev

is
ed

A
U

TH
O

R
, P

LE
A

SE
 N

O
TE

: 
Fi

gu
re

 h
as

 b
ee

n 
re

dr
aw

n 
an

d 
ty

pe
 h

as
 b

ee
n 

re
se

t.
Pl

ea
se

 c
he

ck
 c

ar
ef

ul
ly

.

R
EG

 F

En
on

1s
t

2n
d

3r
d

Z
ac

ho
 (

N
or

de
st

ga
ar

d)

6 
of

 6

10
-3

0-
08

A
R

TI
ST

:
ts

35
91

8
IS

SU
E:

1.
0

2.
0

3.
0

4.
0

3,
88

7

6,
87

6

3,
05

1

7,
00

6

6,
48

6

1,
12

5

3,
41

2

99
8

1,
04

5

17
,6

68

5,
45

5

0 7 18 18 25 35 38 36 64 22 43

M
ea

n 
±S

E

Pl
as

m
a 

C
R

P 
(m

g/
lit

er
)

N
o.

 o
f

Pa
rt

ic
i-

pa
nt

s

5,
05

6

9,
03

8

3,
91

5

9,
17

3

8,
40

3

1,
47

3

4,
42

2

1,
30

7

1,
32

8

22
,9

64

7,
05

7

C
on

tr
ol

Su
bj

ec
ts

33
1

57
8

27
0

61
7

50
0 96 29
1 83 88

14
83 46
2

Su
bj

ec
ts

w
ith

IC
V

D

– 
 

1.
22

1.
27

1.
22

1.
23

1.
38

1.
26

1.
40

1.
40

1.
18

1.
23

O
dd

s 
R

at
io

w
ith

 9
0%

Po
w

er

0.
0

1.
1

1.
2

1.
3

1.
5

1.
4

1.
0

Th
eo

re
tic

al
ly

 P
re

di
ct

ed
R

is
k 

of
 IC

V
D

0.
7

1.
0

2.
0

1.
4

0.
5

O
bs

er
ve

d 
R

is
k 

of
 IC

V
D

H
az

ar
d 

R
at

io
 (9

5%
 C

I)
O

dd
s 

R
at

io
 (9

5%
 C

I)

C
ha

ng
e 

in
C

R
P 

Le
ve

l
%

Fi
gu

re
 6

. S
um

m
ar

y 
of

 S
tu

di
es

 o
f t

he
 E

ff
ec

t 
of

 C
-R

ea
ct

iv
e 

Pr
ot

ei
n 

(C
R

P)
 G

en
ot

yp
e 

C
om

bi
na

ti
on

 o
n 

th
e 

R
is

k 
of

 I
sc

he
m

ic
 C

er
eb

ro
va

sc
ul

ar
 D

is
ea

se
 (

IC
V

D
). 

Th
e 

ha
za

rd
 r

at
io

 u
se

d 
fo

r 
ca

lc
ul

at
in

g 
th

e 
th

eo
re

ti
ca

lly
 p

re
di

ct
ed

 r
is

k 
of

 I
C

V
D

 w
as

 a
dj

us
te

d 
fo

r 
ag

e,
 s

ex
, a

nd
 u

se
 o

r 
no

nu
se

 o
f s

ta
tin

s.
 T

he
 o

dd
s 

ra
ti

os
 f

or
 t

he
 o

bs
er

ve
d 

ri
sk

 o
f I

C
V

D
 

w
er

e 
m

ul
ti

fa
ct

or
ia

lly
 a

dj
us

te
d 

fo
r 

al
l c

ov
ar

ia
te

s 
sh

ow
n 

in
 T

ab
le

 2
 in

 t
he

 S
up

pl
em

en
ta

ry
 A

pp
en

di
x;

 t
he

 r
es

ul
ts

 w
er

e 
si

m
ila

r 
af

te
r 

ad
ju

st
m

en
t 

fo
r 

ag
e 

an
d 

se
x 

on
ly

 (
se

e 
Fi

g.
 4

 in
 t

he
 

Su
pp

le
m

en
ta

ry
 A

pp
en

di
x)

. T
o 

ac
hi

ev
e 

m
ax

im
al

 s
ta

tis
ti

ca
l p

ow
er

, d
at

a 
fr

om
 a

ll 
pe

rs
on

s 
w

it
h 

th
e 

ni
ne

 m
os

t 
co

m
m

on
 C

R
P 

ge
no

ty
pe

 c
om

bi
na

ti
on

s 
fr

om
 t

he
 C

op
en

ha
ge

n 
C

it
y 

H
ea

rt
 

St
ud

y,
 t

he
 C

op
en

ha
ge

n 
G

en
er

al
 P

op
ul

at
io

n 
St

ud
y,

 a
nd

 t
he

 C
op

en
ha

ge
n 

C
ar

ot
id

 S
tr

ok
e 

St
ud

y 
(2

85
4 

pa
ti

en
ts

 v
s.

 4
4,

11
5 

co
nt

ro
l s

ub
je

ct
s)

 w
er

e 
co

m
bi

ne
d.

 T
he

 r
ig

ht
-h

an
d 

co
lu

m
n 

sh
ow

s 
th

e 
od

ds
 r

at
io

 t
ha

t 
ca

n 
be

 d
et

ec
te

d 
w

it
h 

a 
on

e-
si

de
d 

P 
va

lu
e 

le
ss

 t
ha

n 
0.

05
 in

 t
he

se
 c

om
bi

ne
d 

st
ud

ie
s 

w
it

h 
90

%
 s

ta
tis

ti
ca

l p
ow

er
.

The New England Journal of Medicine 
Downloaded from nejm.org at LEIDS UNIVERSITY MEDISCH CENTRUM on February 28, 2012. For personal use only. No other uses without permission. 

 Copyright © 2008 Massachusetts Medical Society. All rights reserved. 



Genetically Elevated C-Reactive Protein and Vascular Disease

n engl j med 359;18  www.nejm.org  october 30, 2008 1907

sidered in evaluating our results. It cannot be 
totally ruled out that the CRP polymorphisms 
studied are related to higher plasma levels of 
functionally less active CRP. However, we con-
sider this unlikely, since none of the polymor-
phisms in our analysis are located in the coding 
sequence of the CRP gene. The three-allelic CRP 
promoter polymorphism studied (rs3091244) af-
fects transcription-factor binding and transcrip-
tional activity, which probably leads to increased 
levels of fully functional CRP.21,34 In addition, the 
meaning of theoretically predicted hazard ratios 
as a function of plasma CRP (as shown in Fig. 5 
and 6) may be somewhat difficult to understand. 
However, presentation of the data in this form 
offers a simple way of visualizing the study de-
sign, and the oversimplification involved in these 
predictions does not invalidate the conclusions 
of the study. Furthermore, our four studies have 
limitations and potential biases that differ from 
study to study owing to their different designs, 
although the results of the four studies were 
similar. Also, we studied only persons of white 
race, and therefore our results may not apply to 
other races or ethnic groups.

A potential limitation of our study is lack of 
statistical power. We cannot exclude a small but 
measurable increase in risk associated with CRP 
genotype. For example, the 95% confidence in-
terval for the comparison of genotype combina-
tions 7 to 9 versus combination 1 was 0.75 to 1.02. 
This suggests that CRP genotypes may be asso-
ciated with an increase in risk of up to 2%. How-
ever, the CRP genotypes clearly were not associ-
ated with increases in the risks of ischemic heart 
disease and ischemic cerebrovascular disease of 
the magnitudes that were theoretically predicted 
by the change in CRP levels.

Finally, the limitations of the study design also 
need to be considered.35,36 Our study makes use 
of naturally occurring genetic variation resulting 
from independent gene assortment, sometimes 
termed “mendelian randomization,” as the basis 
for our analyses of association. The principal 
potential limitation to this method is confound-
ing by variation in nearby genes. If variants of 

another gene related to the risk of ischemic vas-
cular disease are in linkage disequilibrium with 
the CRP polymorphisms we have studied, this will 
confound our analysis. Although such confound-
ing is difficult to exclude completely, it is un-
likely that it would explain our finding that CRP 
genetic variation was associated with elevated 
CRP levels without predicting an increased risk 
of ischemic vascular disease. For example, one 
could assume that elevated CRP levels in fact 
cause ischemic vascular disease but that this rela-
tionship is obscured in our analysis by confound-
ing. For this to be true, all CRP variants exam-
ined in this study would have to be in linkage 
disequilibrium with another gene that, indepen-
dently of plasma CRP levels, decreases the risk 
of ischemic vascular disease to the same extent 
that plasma CRP increases the risk. Such a circum-
stance is unlikely. Furthermore, according to the 
HapMap database, linkage disequilibrium is not 
detected between the CRP polymorphisms used 
in our study and other known nearby genes.

In conclusion, we show that genetic variants 
that are associated with lifelong increases in 
plasma CRP levels are not associated with an in-
creased risk of ischemic heart disease or ische
mic cerebrovascular disease. This finding sug-
gests that the increase in the risk of ischemic 
vascular disease associated with higher plasma 
CRP levels observed in epidemiologic studies may 
not be causal, but rather that increased CRP levels 
are simply a marker for atherosclerosis and ische
mic vascular disease.
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