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Abstract
In this study, we analyzed the relationship between
serum C-reactive protein (CRP) and the intima to media
thickness (IMT) of the common carotid artery in 411 con-
secutive neurological inpatients (215 males, mean age
64.1 years). The CRP concentration was determined
within 12 h and patients were subdivided according to
the CRP level. Patients with an elevated CRP (n = 149)
showed a significantly larger IMT [1.05 mm (95% confi-
dence interval (CI) 1.02–1.09) vs. 0.92 mm (95% CI 0.89–
0.94)]. Multivariate linear regression analysis revealed
that an elevated CRP level, age, pack-years of smoking,
body mass index, incidence of diabetes mellitus and
ischemic stroke were independently associated with an
increased IMT (p ! 0.05).

Copyright © 2002 S. Karger AG, Basel

Introduction

Elevated levels of C-reactive protein (CRP), a sensitive
marker of systemic inflammation, appear to predict car-
diovascular events such as stroke and myocardial infarc-
tion among apparently healthy individuals [1–4]. More-
over, elevated CRP levels are associated with an increased
risk of recurrent infarction or death [5]. However, the role
of CRP in the pathogenesis of atherosclerosis has not yet
been unequivocally clarified. In normal human coronary
arteries, no CRP-specific immunoreactivity could be
found [6]. The grade of immunoreactivity of CRP has
been found to be positively correlated with the size of cor-
onary plaques, as well as the coronary intima to media
wall thickness (IMT) [6]. The use of B-mode real-time
ultrasound offers the opportunity to assess the IMT of the
common carotid artery (CCA) as a suitable marker for
subclinical atherosclerosis [7–9]. A large prospective mul-
ticenter study identified the IMT as a strong predictor of
stroke and myocardial infarction in healthy adults over 65
years of age [10]. Nevertheless, the impact of CRP on
carotid IMT in patients with and without cerebrovascular
disease has not yet been studied in detail. As CRP levels
appear to be a marker for subclinical chronic inflamma-
tion [11], it was the aim of our study to analyze the asso-
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Table 1. Demographic data, cardiovascular risk factors and baseline laboratory parameters of the patients with (CRP
60.5 mg/dl) and without (CRP !0.5 mg/dl) increased CRP concentration

CRP !0.5 mg/dl CRP 60.5 mg/dl p values

262 149
Age, years 63 (61–64) 67 (65–69) 0.001
Sex (male/female) 129/133 86/63 NS
Hypertension 141 (54%) 110 (74%) !0.0001
Ischemic stroke 131 (50%) 101 (68%) !0.0001
IHD 51 (20%) 45 (30%) 0.013
Hypercholesterolemia 119 (45%) 84 (56%) 0.033
Plaques 125 (48%) 95 (64%) 0.002

Carotid artery stenosis
None 222 (85%) 122 (82%) NS
Moderate 24 (9%) 15 (11%) NS
Severe 16 (6%) 12 (8%) NS

Pack-years of smoking 10.7 (8.3–13.0) 16.1 (12.0–20.2) 0.024
HbA1c, % 5.4 (5.4–5.6) 6.0 (5.3–6.7) NS
Cholesterol, mmol/l 6.06 (5.9–6.24) 5.88 (5.64–6.08) NS
HDL, mmol/l 1.43 (1.35–1.51) 1.25 (1.17–1.33) 0.001
Triglyceride, mmol/l 1.71 (1.53–1.89) 1.8 (1.60–2.05) NS
LDL, mmol/l 3.9 (3.78–4.08) 3.87 (3.67–4.11) NS
BMI 24.1 (23.4–24.7) 25.5 (24.7–26.4) 0.004
IMT, mm 0.92 (0.89–0.94) 1.05 (1.02–1.09) !0.0001
Adjusted IMT1, mm 0.92 (0.92–0.93) 0.98 (0.97–0.99) !0.0001

Values in parentheses represent 95% CIs, except where otherwise indicated. NS = Not significant.
1 IMT adjusted for other possible risk factors (age, BMI, hypertension, hypercholesterolemia, pack-years of smok-
ing, incidence of ischemic stroke, carotid plaques and IHD).

ciation between CRP levels determined within 12 h (ini-
tial CRP) and the IMT of the CCA in a large number of
consecutive neurological inpatients.

Patients and Methods

Patients
Four hundred and fifty-six consecutive neurological inpatients

(214 males; mean age 64.1 years, 95% confidence interval (CI) 62.7–
65.5 years) hospitalized for the first time because of a cerebral isch-
emic event [transient ischemic attack (n = 59) or ischemic stroke (n =
151)] or other neurological disorders [Parkinson’s disease (n = 23),
dementia (n = 11), vertigo (n = 13), syncope (n = 12), chronic pain
(n = 24), myasthenia gravis (n = 5), intracerebral bleeding (n = 28),
polyneuropathy (n = 12), movement disorders (n = 17), dystonia
(n = 7), seizures (n = 17), multiple sclerosis (n = 9), headache (n = 13),
normal pressure hydrocephalus (n = 4) and myopathy (n = 6)] were
studied. The initial CRP level, other laboratory parameters such as
total cholesterol, triglycerides and HbA1c and cardiovascular risk fac-
tors such as body mass index (BMI), pack-years of smoking, hypercho-
lesterolemia (treatment with cholesterol-lowering drugs or a total cho-
lesterol level 6240 mg/dl), incidence of arterial hypertension (treat-
ment with antihypertensive medication or documented blood pres-

sure 6140 mm Hg systolic and/or 690 mm Hg diastolic), diabetes
mellitus (treatment with antidiabetic drugs or diagnosis of diabetes
during hospital stay), cerebral ischemic events, ischemic heart dis-
ease (IHD; documented by previous myocardial infarction or angina
pectoris, bypass surgery or 150% angiographic stenosis of 61 major
coronary artery), carotid artery stenosis and carotid plaques were
determined. According to the CRP level, patients were subdivided
into two groups: normal CRP (!0.5 mg/dl, n = 262) and elevated
CRP (60.5 mg/dl, n = 149) (table 1). To further analyze the associa-
tion between CRP and IMT with regard to cerebrovascular disease,
patients were also subdivided according to cerebrovascular events.

Cholesterol Measurement
After overnight fasting, a blood sample was drawn and the lipids

were measured by our laboratory. The cholesterol was measured on a
Hitachi 747 analyzer (Roche Diagnostics, Mannheim, Germany)
using original reagent kits. The determination is based on an enzy-
matic cleavage of cholesterol esters by cholesterol esterase at 37°C
followed by an oxidation step catalyzed by cholesterol oxidase. Mea-
suring range is from 3 to 800 mg/ml.

CRP Measurement
In all stroke patients (n = 210), the CRP concentration was mea-

sured within 12 h after symptom onset, and in patients without a
cerebral ischemic event, the CRP concentration was measured with-
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in 12 h after admission. The CRP was determined in a serum speci-
men using a Dimension® RxL clinical chemistry analyzer with CRP
FlexTM reagent cartridges. Latex particles coated with antibody to
CRP aggregate in the presence of CRP in the serum sample. The
increase in turbidity (measured at 340 nm), which accompanies
aggregation, is proportional to the actual CRP concentration. The
assay range was 0.2–12 mg/dl. A concentration 60.5 mg/dl was
defined as elevated according to the reference values of our laborato-
ry. The intraassay variability of the test is 4.2% at 0.7 mg/ml and the
interassay variability is 7.1% at 0.7 mg/ml.

Carotid Artery Measurements
Duplex ultrasonography was performed by an investigator

blinded to the CRP measurement, using a 7.5-MHz linear array
transducer (Acuson 128 XP10, USA). Both internal carotid arteries
were defined as normal, or having plaques (1–29% reduction), mod-
erate stenosis (30–70% reduction) or severe stenosis (170% reduc-
tion) according to the European Carotid Surgery Trial criteria [12].
The measurement of CCA IMT was done according to the methods
of the Atherosclerosis Risk in Communities study [13–15]. An opti-
mal longitudinal image was saved and the IMT was analyzed using a
computerized image analysis system (SigmaScan Pro, Jandel, USA)
off-line. IMT measurements were performed 0.8–1.8 cm proximal to
the tip of the flow divider at the far wall of the CCA because of the
more clearly defined boundaries there [16]. In this segment, the IMT
was measured five times every 2 mm. The mean IMT was defined as
the average across the left and the right side. The reproducibility of
the CCA IMT measurement using duplex ultrasonography has been
demonstrated in several studies [13–15, 17, 18]. For the computer-
ized image analysis used in our study, reproducibility of the IMT
measurements with a Spearman correlation coefficient ranging from
0.82 to 0.86 was described recently [19].

Statistical Analysis
All values are given as the mean and 95% CI. Independent t tests

were used to test for differences between both subgroups. Because the
distribution of CRP was highly skewed, the CRP levels were natural
log transformed. Adjustment for multiple comparisons was done
using the Bonferroni method. The variation of the IMT between the
subgroups according to gender, age, BMI, pack-years of smoking,
cholesterol, log CRP, incidence of plaques, stroke, IHD and hyper-
tension was tested with an analysis of covariance (ANCOVA) using
SYSTAT (SPSS Inc., USA). The covariate-adjusted means were cal-
culated using this software. Multivariate linear regression analysis
was performed using forward selection followed by backward elimi-
nation of covariates, resulting in an equation where only covariates
that significantly increase the predictability of the dependent vari-
able are included. All covariates were tested for interactions with
each other. The IMT was defined as the dependent variable. Age,
BMI, pack-years of smoking, cholesterol, log CRP, gender and the
incidence of hypertension, cerebral ischemic events, IHD and dia-
betes were defined as independent variables. The IMT data were
entered as continuous values in the model. A p value !0.05 was con-
sidered statistically significant. The observed adjusted IMT values
(minimum = 0.72 mm, maximum 1.12 mm) were equally subdivided
into quartiles. Additionally, we determined the prevalence of an ele-
vated CRP within increasing IMT quartiles. For this analysis, the
IMT was adjusted for age, pack-years of smoking, BMI, incidence of
hypertension, ischemic stroke, IHD, diabetes and hypercholesterol-
emia.

Results

From the 456 consecutive inpatients, 411 (215 males;
mean age 64.1 years, 95% CI 62.7–65.5 years) were
enrolled in this study. Forty-five patients were excluded
because of (1) acute or recently treated infections or dis-
ease-related CRP elevation (n = 32) or (2) missing CRP
data within the first 12 h after symptom onset/hospitaliza-
tion (n = 14). The mean CRP level was 0.69 mg/dl (95%
CI 0.64–0.73) and ranged from 0.2 to 3.7 mg/dl. We
found no significant differences in the CRP concentration
at the different times of measurement (i.e. 0–3, 3–6 and
6–12 h after symptom onset). No significant differences
for gender, triglycerides, LDL cholesterol, total cholester-
ol and incidence of diabetes mellitus were observed
between the subgroups with normal and elevated CRP
(table 1). Patients with increased CRP levels on admis-
sion (60.5 mg/dl) showed a significantly increased CCA
IMT (fig. 1, table 1). In addition, BMI, age, incidence of
ischemic stroke, arterial hypertension and IHD were sig-
nificantly elevated. These patients also showed lower
HDL cholesterol and more pack-years of smoking (ta-
ble 1). The association between elevated CRP levels and
increased IMT remains nearly unchanged after adjust-
ment for the other risk factors using an ANCOVA model.
To evaluate the influence of the different risk factors on
IMT, a stepwise multivariate linear regression analysis
was performed. This analysis revealed six independent
factors that were significantly correlated with IMT (ta-
ble 2). None of the other tested risk factors significantly
increased the predictability of the regression. The pre-
dicted model accounted jointly for 28% of the variation in
IMT. From the 411 inpatients included, 210 were hospi-
talized because of a cerebrovascular ischemic event. To
analyze the effect of CRP on cerebrovascular disease, the
patients were subdivided according to this parameter. In
addition to an increased incidence of several known car-
diovascular risk factors, including the CCA IMT, a signif-
icantly elevated CRP was observed in the stroke group
(table 3). Patients with increased CRP levels showed sig-
nificantly increased IMT values in both subgroups as
compared to patients with normal CRP (fig. 1). No signif-
icant difference in IMT was found between patients with
and without stroke and elevated CRP levels (fig. 1),
whereas stroke patients with normal CRP showed signifi-
cantly larger IMT values as compared to patients without
stroke and normal CRP. The prevalence of elevated CRP
levels within increasing IMT quartiles is given in figure 2.
We observed the most increased prevalence for an ele-
vated CRP in the highest IMT quartile.
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Table 2. Determinants of CCA IMT
Coefficient Standardized

partial regression
coefficient

p value

0.006 (0.004–0.008) 0.383 !0.0001
Pack-years of smoking 0.002 (0.0019–0.002) 0.188 !0.0001
Cerebral ischemic events 0.027 (0.007–0.047) 0.117 !0.05
BMI 0.008 (0.002–0.014) 0.108 !0.05
Diabetes mellitus 0.024 (–0.005–0.053) 0.077 !0.05
Log CRP 0.042 (–0.001–0.085) 0.084 !0.05
Multiple R2 0.28 !0.0001

Values in parentheses represent the 95% CIs. The coefficient gives estimates for how
much the dependent variable (IMT) will change if the respective variable is increased by 1
and the other variables were held constant. The standardized partial regression coefficient
gives the coefficients that would be obtained if all variables were standardized. If there were
just one predictor, then this parameter would be its correlation with the dependent variable.

Table 3. Demographic data, cardiovascular risk factors and baseline laboratory parameters of the patients with and
without acute or former cerebral ischemic events (including transient ischemic attack and ischemic stroke)

Ischemic event

yes no

p values

210 201
Age, years 65 (63–67) 59 (57–62) !0.0001
Sex (male/female) 116/94 106/95 NS
Hypertension 157 (75%) 72 (36%) !0.0001
IHD 71 (34%) 10 (5%) !0.0001
Hypercholesterolemia 94 (48%) 55 (27%) !0.0001
Plaques 118 (56%) 64 (32%) !0.0001

Carotid artery stenosis
None 166 (79%) 195 (97%) !0.0001
Moderate 27 (13%) 3 (1%) !0.0001
Severe 17 (8%) 3 (1%) 0.002

Pack-years of smoking 19.5 (16.0–22.9) 8.1 (5.9–10.2) !0.0001
HbA1c, % 5.8 (5.7–5.9) 5.4 (5.4–5.5) !0.0001
Cholesterol, mmol/l 6.01 (5.80–6.23) 5.98 (5.77–6.16) NS
HDL, mmol/l 1.33 (1.27–1.40) 1.43 (1.33–1.53) NS
Triglyceride, mmol/l 1.82 (1.65–2.07) 1.63 (1.53–1.74) NS
LDL, mmol/l 3.64 (3.48–3.82) 4.06 (3.74–4.37) NS
CRP, mg/dl 0.64 (0.59–0.69) 0.52 (0.50–0.54) !0.0001
Log CRP, mg/dl –0.61 (–0.58 to –0.65) –0.697 (–0.67 to –0.71) 0.002
BMI 24.1 (23.3–24.9) 23.6 (22.8–24.4) NS
IMT, mm 0.98 (0.95–1.02) 0.87 (0.84–0.89) !0.0001
Adjusted IMT1, mm 0.97 (0.96–0.98) 0.89 (0.88–0.89) !0.0001

Values in parentheses represent 95% CIs, except where otherwise indicated. NS = Not significant.
1 IMT adjusted for other possible risk factors (age, BMI, hypertension, hypercholesterolemia, pack-years of smok-
ing, incidence of carotid plaques and IHD).
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Fig. 1. Relationship between IMT (adjusted for age, hypertension,
hypercholesterolemia and IHD) and CRP in patients with and with-
out cerebrovascular ischemic events. NS = Not significant compared
to patients with increased CRP levels and no history of cerebrovascu-
lar ischemic events. * p ! 0.001 compared to patients with normal
CRP levels and no history of cerebrovascular ischemic events.

Fig. 2. Prevalence of elevated CRP levels within increasing IMT
quartiles (adjusted for age, BMI, pack-years of smoking, incidence of
hypertension, IHD, stroke and hypercholesterolemia).

Discussion

Our study demonstrates that an increased initial serum
CRP concentration determined within 12 h after stroke
onset or admission (nonstroke patients) was associated
with an increased IMT of the CCA in a large number of
patients with and without cerebrovascular disease. A mul-
tivariate linear regression analysis revealed that the CRP
represents an independent predictor for intimal thicken-
ing. These results cannot be explained in terms of estab-
lished risk factors for cardiovascular disease, because the
association remains nearly unchanged after adjustment
for several other indices of disease risk. Hak et al. [20]
described a weak association between CRP and IMT of
the CCA in healthy middle-aged women, which was, how-
ever, limited to ever-smokers. Two limitations of our
study should be discussed. Firstly, one could argue that
our results may be influenced by a selection bias concern-
ing the patient population because the measurements
were performed on an inpatient basis. However, we found
comparable risk factors for an increased IMT to those in
other population-based studies, i.e. age, BMI, pack-years
of smoking, incidence of diabetes and stroke [10, 13, 21–
24]. Previous investigators found hypertension to be ei-
ther associated [25–27] or not associated [28, 29] with
carotid atherosclerosis. Additionally, Sander et al. [19]

and Sander and Klingelhöfer [25] described the daytime
blood pressure variability rather than the absolute blood
pressure values as the strongest predictor of early carotid
atherosclerosis and progression of IMT. In contrast to
other studies [13, 30, 31], hypercholesterolemia was not
independently associated with IMT in the present study.
This might be explained by the fact that the subjects were
younger in the other studies and the incidence of ischemic
stroke, hypertension and IHD was lower. Furthermore,
we included the incidence of stroke and IHD in the linear
regression analysis. Moreover, a treatment effect might
explain the differences between our investigation and
population-based studies, as most of our inpatients were
already being treated with antihypertensive and lipid-low-
ering drugs. Secondly, the study was not prospectively
designed to assess the CRP development in patients with
ischemic stroke and patients without ischemic stroke.
Therefore, we could not completely exclude the possibili-
ty that any acute-phase response following brain ischemia
is differently expressed in patients with and without
increased IMT. However, we could not find a significant
difference regarding the CRP concentration measured 0–
3, 3–6 or 6–12 h after stroke onset. Liuzzo et al. [32] dem-
onstrated that the CRP peak after myocardial infarction
occurs at 48 h or later. Because of these findings, we pro-
pose that the CRP concentration measured within 12 h
after stroke symptom onset is not influenced by any acute-
phase response. Up to now, it was an issue of debate
whether the relationship between CRP and cardiovascu-
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lar disease was due to inflammation of the vascular wall
because of chronic infection or inflammation originating
in a more remote site, with secondary effects on the vascu-
lar wall through cytokines and other mediators [33, 34].
Recently, Zhang et al. [6] demonstrated the existence of
CRP in human coronary arteries and observed a positive
correlation between increased coronary IMT and the
grade of CRP immunoreactivity. Yudkin et al. [35] hy-
pothesize that a low-level chronic inflammatory state may
induce endothelial dysfunction leading to cardiovascular
diseases. An association between chronic inflammation
and the early stages of carotid atherosclerosis was sup-
ported by our data concerning the close relationship
between CRP levels and IMT measured by high-resolu-
tion B-mode ultrasonography. However, to define more
exactly the role of the CRP level in the development of
subclinical atherosclerosis, particularly in asymptomatic
patients with no other cardiovascular risk factors, a pro-
spective study is needed. We observed an association
between CRP and IMT in patients with, as well as with-
out, a history of cerebrovascular ischemic events. In both
subgroups, patients with elevated CRP levels showed sig-
nificantly increased IMT values as compared to patients
with normal CRP. Interestingly, no significant difference
in IMT was found between patients with and without
stroke and elevated CRP levels. In contrast, patients with
normal CRP levels and cerebrovascular disease showed a
larger IMT than patients without a history of a cerebro-
vascular event and normal CRP. One could argue that the
increased IMT in the subgroups of patients with and with-
out stroke might be due to a different expression of wall
modifications, i.e. media layer for increased CRP without
stroke and intimal layer for the stroke subgroups. How-
ever, to the best of our knowledge, it is not possible using
duplex ultrasonography to reliably differentiate between

the media layer and the intimal layer of the CCA. The
importance of the CRP level has also been supported in
studies with clinical end points. Tracy et al. [36] reported
that the CRP level was associated with incident events in
healthy elderly subjects, especially in those with subclini-
cal disease at baseline. Furthermore, in apparently
healthy postmenopausal women, the CRP concentration
was the strongest predictor for the risk of cardiovascular
events over a mean follow-up of 3 years [4].

The IMT was recently described as a strong predictor
of both myocardial infarction and stroke even after ad-
justment for other risk factors and is associated with sev-
eral cardiovascular risk factors [30, 37], the prevalence of
cardiovascular disease [30, 37, 38] and general atheroscle-
rosis [13, 39]. The association between IMT and outcome
was at least as strong as the association seen with tradi-
tional risk factors [10]. Based on our findings, we consider
that a combination of carotid IMT and baseline CRP
measurements may help to identify patients with a high-
risk profile for future cardiovascular events, particularly
in asymptomatic subjects.

In conclusion, our data showed that an elevated initial
CRP was independently associated with increased IMT of
the CCA in a large number of consecutive patients with
and without a history of a cerebrovascular ischemic
events and a different cerebrovascular risk pattern and
may support the importance of inflammation even in the
early stages of atherosclerosis development.
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