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Background and Purpose—Leukocyte count has been associated with cardiovascular and cerebrovascular disease,
including carotid plaque thickness, in several studies. We hypothesized that white blood cell count is associated with
aortic arch plaque thickness (AAPT).
Methods—Leukocyte count was measured in randomly selected stroke-free community participants undergoing transesophageal echocardiography. AAPT was measured for each subject and dichotomized into ⬍4 and ⱖ4 mm (thick
plaque). Multivariate linear and logistic regression was used to calculate the effect of leukocyte count on AAPT after
adjustment for potential confounding factors. Mean age of the 145 participants was 68.5⫾8.3 years; 43.5% were women;
15.9% were white; 31.7% were black; and 49.0% were Hispanic.
Results—Mean leukocyte count was 5.88⫾1.76⫻109/L. Each unit increase in leukocyte count was associated with a mean
0.28-mm increase in AAPT (P⫽0.0036). After adjustment for other atherosclerosis risk factors, including age, sex,
hypertension, diabetes, hyperlipidemia, and smoking, the relationship persisted (mean increase in AAPT, 0.24 mm;
P⫽0.0064). Thirty-five participants (24.1%) had AAPT ⱖ4 mm. Mean leukocyte count among those with thick plaque
was significantly higher than among those with plaque ⬍4 mm (6.54⫾1.60 versus 5.65⫾1.76⫻109/L, respectively;
P⫽0.009). Each unit increase in leukocyte count was associated with an increased risk of thick plaque (adjusted odds
ratio, 1.38; 95% CI, 1.05 to 1.79). The relationships were similar for men and women and for those ⬍70 or ⱖ70 years
of age.
Conclusions—Leukocyte count is associated with AAPT and is specifically correlated with AAPT ⱖ4 mm, a degree of
thickening associated with increased stroke risk. These findings are consistent with current hypotheses regarding the
inflammatory or infectious etiology of risk of atherosclerosis and stroke. (Stroke. 2002;33:2587-2592.)
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nown risk factors fail to account for all cases of
ischemic stroke and cardiovascular disease.1 Recent
evidence suggests that atherosclerosis is an inflammatory
disease.2 Leukocytes, including macrophages and lymphocytes, play an important role in the initiation and propagation
of the atherosclerotic process. Chronic infection with Chlamydia pneumoniae, cytomegalovirus, and other organisms
has also been postulated as a potential risk factor for
atherosclerosis, heart disease, and stroke.3– 6 Consistent with
these hypotheses, recent data from our laboratory provide
evidence that subclinical carotid atherosclerosis, as assessed
by duplex Doppler ultrasound, is associated with relatively
elevated leukocyte counts in certain populations.7 Other
studies have found that leukocyte count is associated with
incident heart disease8 and stroke.9
Aortic arch atheroma is an increasingly recognized stroke
risk factor, particularly among the elderly.10 –12 Aortic arch
plaque thickness (AAPT) ⱖ4 mm has been found to increase

the odds of stroke by as much as 9 times.10 The underlying
pathogenesis of aortic arch atheroma is thought to be similar
to that of atherosclerosis affecting the rest of the arterial tree.
There may be differences, however, because the aortic media
is much thicker than that of other vessels. The carotid arteries,
moreover, are more readily studied in large epidemiological
studies of subclinical atherosclerosis, which typically rely on
noninvasive measures of atherosclerosis such as highresolution duplex Doppler ultrasound. Transesophageal echocardiography, the most reliable method to detect the presence
and thickness of aortic arch plaque, is a semi-invasive test.
The Aortic Plaque and Risk of Ischemic Stroke (APRIS)
study, in which transesophageal echocardiography is performed in patients with acute ischemic stroke and in matching
control subjects, affords a rare opportunity to examine risk
factors associated with aortic arch atherosclerosis in a sample
of stroke-free individuals ⱖ55 years of age. We hypothesized
that white blood cell count (WBC) is associated with AAPT
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in a cross-sectional analysis of a stroke-free, elderly, multiethnic urban population.

Subjects and Methods
The APRIS study was designed to test the hypothesis that aortic arch
atheroma, as assessed by transesophageal echocardiography, is
associated with ischemic stroke risk and to examine the effects on the
stroke risk of associated hypercoagulability and lipid disorders. As
part of the study, stroke-free participants ⱖ55 years of age are
invited to undergo transesophageal echocardiography. All participants come from the northern Manhattan area, which is an area of
New York City with a diverse ethnic background. Northern Manhattan consists of the area north of 145th Street and south of 218th
Street that is bordered on the west by the Hudson River and on the
east by the Harlem River. In 1990, ⬇260 000 people lived in the
community with 40% of them ⬎39 years of age and a race-ethnic
mixture consisting of 20% black, 63% Hispanic, and 15% white
residents.13

Selection of APRIS Cohort
The participants in the APRIS study have been recruited from a
larger population-based cohort study among residents of northern
Manhattan (the Northern Manhattan Stroke Study [NOMASS]). The
methods of subject recruitment and enrollment in NOMASS have
been described in previous publications.14 Briefly, random-digit
dialing of ⬇24 000 households was performed by Audits and
Surveys, Inc. Community participants were enrolled in NOMASS if
they (1) had never been diagnosed with stroke, (2) were ⬎40 years
of age, and (3) resided in Northern Manhattan for ⱖ3 months in a
household with a telephone. Seventy percent of those invited to
participate came to the medical center for an in-person evaluation.
To enrich the sample for those likely to have aortic arch atheroma,
participants in APRIS were limited to those ⱖ55 years of age.
NOMASS participants ⱖ55 years of age were contacted by telephone and invited to come in for transesophageal echocardiogram.
All participants who were unable to go to the medical center did not
undergo transesophageal echocardiography and were not included in
APRIS. The study was approved by the Institutional Review Board
at Columbia-Presbyterian Medical Center. All participants gave
consent directly or through a surrogate when appropriate.

Index Evaluation of Subjects
Information about risk factors was collected through interviews by
trained research assistants, and physical and neurological examinations were performed by study physicians. Standardized questions
were adapted from the Behavioral Risk Factor Surveillance System15
of the Centers for Disease Control and Prevention regarding the
following conditions: hypertension, diabetes, hypercholesterolemia,
peripheral vascular disease, transient ischemic attack, cigarette
smoking, and cardiac conditions such as myocardial infarction,
coronary artery disease, angina, congestive heart failure, atrial
fibrillation, other arrhythmias, and valvular heart disease. Assessments were conducted in English or Spanish, depending on the
primary language of the participant. Race-ethnicity was based on
self-identification through a series of interview questions modeled
after the US census and conforming to the standard definitions
outlined by Directive 15.16 When possible, data were obtained
directly from participants with the standardized data collection
instruments. When the participant was unable to provide answers, a
proxy knowledgeable about the participant’s history was interviewed. Direct participant data were obtained from 99% of strokefree participants in the cohort.
Standard techniques were used to measure blood pressure, height,
weight, and fasting glucose as described in prior publications.14,17
Fasting lipid panels (including total cholesterol, low-density lipoprotein [LDL], high-density lipoprotein [HDL], and triglycerides) were
measured with a Hitachi 705 automated spectrometer (Boehringer).
Hypertension and diabetes mellitus were defined as in prior publications.14,17 Hypercholesterolemia was defined as a history of
elevated cholesterol, the taking of medications for elevated choles-

terol, or a total cholesterol level ⬎240 mg/dL. The definitions are
noted in the table footnotes.

Assessment of Leukocyte Counts, C-Reactive
Protein, and C pneumoniae Titers
Leukocyte counts were measured with automated cell counters via
standard techniques (Coulter STK-R and Coulter STK-S, Coulter
Electronics, and Sysmex SE-9500, TOA Medical Electronics).
Whole blood was collected in 5-cm3 EDTA-anticoagulated tubes by
a trained phlebotomist. The automated cell counter aspirated a
sample from the collection tube, and after lysis of red blood cells and
platelets, white blood cells were counted with a standard directcurrent detection method. Normal values for WBC in the hematology
laboratory are 3.54 to 9.06⫻109/L. Quality control is maintained by
the laboratory through standard procedures. The coefficient of
variation for repeated measurements on samples from individual
hospitalized patients is maintained at ⱕ2.5%.
High-sensitivity C-reactive protein (CRP) levels were measured in
a subsample (n⫽71) of participants in batched samples with enzymelinked immunosorbent assay using monoclonal antibodies to CRP
(Biosource International). C pneumoniae titers (IgG and IgA) were
also measured in a subsample (n⫽111) of participants with microimmunofluorescence performed at the Centers for Disease Control.
Assays were performed blinded as to aortic plaque status of subjects.

Assessment of AAPT
The method for assessment of AAPT has been described fully in
previous publications.12,18 Briefly, transesophageal echocardiography was performed with an Agilent 2500, 4500, or 5500 system with
a 5-MHz omniplane transducer. AAPT was assessed by a single
experienced echocardiographer blinded to the participant’s risk
factors. AAPT was measured in the horizontal plane, perpendicular
to the major axis of the aortic lumen. Measurements of plaque
thickness were also made in the ascending aorta, aortic arch, and
descending aorta. Echocardiographers were blinded to status of
WBC and other risk factors.

Statistical Analysis
The distributions of the variable of interest, WBC, and other
variables were examined. Means were calculated for continuous
variables, and proportions were found for categorical variables.
Simple and multiple linear regression was used to analyze the
association between WBC and AAPT before and after adjustment for
potential confounding demographic and medical variables; analyses
were also performed stratified by sex and age. Similar analyses were
performed for the association of WBC and plaque thickness at the
ascending and descending aortic segments, as well as for the
maximum value of all 3 segments. Participants were then dichotomized into those with aortic arch plaque ⬍4 mm and those with
plaque ⱖ4 mm (ie, thick plaque [TP]). This cutoff has been shown
to correlate with risk of stroke in prior studies10,19 and is generally
accepted as the clinically relevant cutoff for increased stroke risk.20
Participants with TP were further dichotomized according to the
presence or absence of ulcerated or mobile plaque, which has also
been shown to correlate with an increased risk of stroke.10,11,18 A
univariate comparison of WBC in these groups was performed with
t tests. Univariate and multivariate logistic regression analyses were
then performed with WBC as a continuous independent variable and
TP as the dependent dichotomous variable. Results were also
stratified by sex and age.
Statistical significance was determined at the ␣⫽0.05 level with
2-sided tests. Statistical analyses were conducted with SAS computer
software (SAS Institute).

Results
The mean age of the 145 participants was 68.5⫾8.3 years.
Eighty-two (56.6%) were men; 49.0% (n⫽71) of the participants were Hispanic; 15.9% (n⫽23) were white nonHispanic; 31.7% (n⫽46) were black non-Hispanic; and 3.5%
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TABLE 1.

Prevalence, %, or Value,
Mean⫾SD

Total

145

Age, y

145

Men

䡠䡠䡠
68.5⫾8.3

82

56.6

White, non-Hispanic

23

15.9

Black, non-Hispanic

46

31.7

Hispanic

71

49.0

Race-ethnicity

5

3.5

Completed high school

Other

72

49.7

Hypertension

85

58.6

Diabetes mellitus

34

23.5

Cardiac Disease

44

30.3

Current smoking

26

17.9

Ever smoked

94

64.8

Total cholesterol, mg/dL

144

192.8⫾37.3

HDL, mg/dL

144

45.2⫾13.4

LDL, mg/dL

143

123.1⫾35.4

WBC, ⫻109/L

145

5.87⫾1.76

AAPT, mm

145

2.16⫾2.02

Hypertension was defined as a systolic blood pressure recording of
ⱖ160 mm Hg or a diastolic blood pressure recording of ⱖ95 mm Hg or the
patient’s self-report of a history of hypertension or antihypertensive use.
Diabetes mellitus was defined by a fasting blood glucose level ⱖ126 mg/dL,
the patient’s self-report of such a history, or insulin or hypoglycemic use.

(n⫽5) were other race-ethnicities. The distribution of sociodemographic factors, comorbid vascular diseases, and conventional atherosclerotic risk factors is shown in Table 1. All
WBC measurements were performed before transesophageal
echocardiogram. The median time between measurements of
WBC and aortic arch was 39 days.
The mean WBC for the entire cohort was 5.88⫾1.76⫻109/L
(median, 5.60⫻109/L; interquartile range, 4.70 to 7.10⫻109/L;
range, 2.60 to 10.80⫻109/L; Table 1). WBC was associated with
current smoking but not with age, sex, hypertension, diabetes
mellitus, or hypercholesterolemia. The mean WBC among current
TABLE 2.
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smokers was 6.65⫾1.89⫻109/L compared with a mean WBC of
5.70⫾1.69⫻109/L among current nonsmokers (P⫽0.02).
The mean AAPT for the entire cohort was 2.16⫾2.02 mm.
AAPT was strongly associated in univariate analyses with
age (P⬍0.0001), hypercholesterolemia (P⫽0.03), and current
smoking (P⫽0.023). Cholesterol, HDL, LDL, and homocysteine levels did not correlate significantly with thickness as a
continuous variable (AAPT) or with the dichotomous cutoff
of ⱖ4 mm. There was no clear association of AAPT with
diabetes mellitus (mean AAPT, 1.76⫾1.81 mm among diabetics versus 2.28⫾2.08 mm among nondiabetics; P⫽0.16).
The presence of TP was associated with age (P⫽0.017) and
hypercholesterolemia (P⫽0.025) in univariate analyses.
There were trends toward an association with hypertension
(P⫽0.081) and to a lesser extent with male sex (P⫽0.103)
and current smoking (P⫽0.173).
In a univariate linear regression model, WBC was strongly
associated with AAPT (0.28-mm increase in AAPT per unit
increase in WBC, P⫽0.0036). After adjustment for age and
sex, the association was essentially unchanged (0.29-mm
increase in AAPT per unit increase in WBC, P⫽0.001). After
further adjustment for the other conventional atherosclerotic
risk factors of hypertension, diabetes mellitus, current cigarette smoking, and hypercholesterolemia, the association was
only slightly attenuated (0.24-mm increase in AAPT per unit
increase in WBC, P⫽0.0064). In this model, age, current
smoking, and hypercholesterolemia were also independently
associated with AAPT. There was an adjusted mean increase
in AAPT of 1.06 mm (P⫽0.008) and 0.63 mm (P⫽0.037) for
smokers and those with hypercholesterolemia, respectively.
There were also trends toward associations of WBC with
ascending and descending aortic plaque thickness, but these
relationships were not statistically significant after adjustment for other risk factors (Table 2). There was a statistically
significant association of the maximum plaque thickness at
all 3 sites with WBC (mean change in plaque thickness per
unit WBC, 0.28 mm; P⫽0.0029; Table 2).
In analyses stratified by sex, the association was similar for
both men and women (an adjusted increase in AAPT of
0.22 mm in men and 0.26 mm in women; Table 3). The
association between WBC and AAPT appeared to be stronger
among younger participants than among older ones (an adjusted

Characteristics of Participants
n

Leukocyte Count and Aortic Plaque

Association of WBC With Plaque Thickness at Different Aortic Arch Sites
Adjusted for Demographic
Factors†

Unadjusted

Adjusted for Demographic and
Conventional Risk Factors‡

Thickness
(mean⫾SD), mm

Change per
Unit WBC*

P

Change per
Unit WBC*

P

Change per
Unit WBC*

P

Ascending aorta

1.18⫾1.40

0.12

0.0768

0.12

0.0680

0.12

0.0700

Arch

2.16⫾2.02

0.28

0.0036

0.29

0.0010

0.24

0.0064

Descending aorta

2.17⫾2.33

0.25

0.0221

0.27

0.0114

0.14

0.1658

Maximum

3.03⫾2.21

0.36

0.0005

0.37

0.0001

0.28

0.0029

*Change in plaque thickness for each given segment in millimeters per unit increase in WBC.
†Demographic factors are age and sex.
‡Conventional risk factors are hypercholesterolemia, hypertension, diabetes mellitus, and current cigarette smoking. Hypertension was defined as a systolic blood
pressure recording of ⱖ160 mm Hg or a diastolic blood pressure recording of ⱖ95 mm Hg or the patient’s self-report of a history of hypertension or antihypertensive
use. Diabetes mellitus was defined by a fasting blood glucose level ⱖ126 mg/dL, the patient’s self-report of such a history, or insulin or hypoglycemic use.
Hypercholesterolemia was defined as a history of elevated cholesterol, the taking of medications for elevated cholesterol, or a total cholesterol level ⬎240 mg/dL.
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TABLE 3.

Association of WBC With AAPT Overall and Stratified by Sex and Age
Overall

Men

Those ⬍70 y

Women

Change in
AAPT*

P

Change in
AAPT*

P

Change in
AAPT*

P

Change in
AAPT*

Unadjusted

0.28

0.0036

0.32

0.0014

0.24

0.0142

0.19

Adjusted for demographic factors†

0.29

0.0010

0.29

0.0100

0.29

0.0362

Adjusted for demographic and
conventional risk factors‡

0.24

0.0064

0.22

0.0422

0.26

0.0592

Those ⱖ70 y
Change in
AAPT*

P

0.0521

0.34

0.0004

0.41

⬍0.0001

0.21

0.0220

0.37

0.0002

0.16

0.0768

P

*Change in AAPT in millimeters per unit increase in WBC.
†Demographic factors are age and sex.
‡Conventional risk factors are hypercholesterolemia, hypertension, diabetes mellitus, and current cigarette smoking. Risk factors are as defined in Table 2.

with 21.3% of those with IgG ⬍1:64 (n⫽61; P⫽0.14). Among
those with IgA titers ⱖ1:64 (n⫽24), 33.3% had TP compared with
23.0% of those with IgG⬍1:64 (n⫽87; P⫽0.3). Multivariable
analyses were not performed.

increase in AAPT of 0.37 mm among those ⬍70 years of age
and 0.16 mm among those ⱖ70 years of age; Table 3).
TP was present in 35 participants (24.1%). Of these, 8 had
ulcerated (n⫽7) or mobile (n⫽1) plaque. Mean WBC was significantly higher among those with than among those without TP
(WBC, 6.54⫾1.60⫻109/L versus 5.65⫾1.76⫻109/L, respectively;
P⫽0.009). There was also a higher mean WBC among those with
ulcerated or mobile plaques (WBC, 6.56⫾1.37⫻109/L among those
with ulcerated or mobile plaques versus 5.83⫾1.78⫻109/L among
those without; P⫽0.18), although this result was not statistically
significant because of the small number of subjects with ulcerated or
mobile plaques. Among the 35 participants with TP, there was no
difference in mean WBC between those with (n⫽8) and those
without (n⫽27) ulcerated or mobile plaques (mean WBC,
6.56⫾1.37⫻109/L versus 6.53⫾1.68⫻109/L, respectively;
P⫽0.96).
After adjustment for age, sex, hypertension, diabetes mellitus,
hypercholesterolemia, and current smoking, WBC remained associated with TP (adjusted odds ratio [OR] per unit increase in WBC,
1.38; 95% CI, 1.05 to 1.79; Table 4). In analyses stratified by sex,
WBC was associated with TP among both men and women,
although the magnitude of the association was greater in women
(men: adjusted OR per unit increase in WBC, 1.22; 95% CI, 0.89 to
1.65; women: adjusted OR, 1.84; 95% CI, 1.11 to 3.05; Table 4.)
An independent statistically significant association could not be
confirmed in men, who made up ⬇57% of the participants. The
association was similar and independently statistically significant
among both those ⬍70 and those ⱖ70 years of age (Table 4).
Among the subgroups in which CRP and C pneumoniae titers
were measured, there were trends toward an association of AAPT
with CRP and C pneumoniae titers but no statistically significant
differences. The mean CRP was higher among those with TP
(3.81⫾5.94 versus 1.87⫾3.53 mg/dL, P⫽0.11). Among those with
C pneumoniae IgG titers ⱖ1:64 (n⫽50), 30.0% had TP compared
TABLE 4.

Discussion
This cross-sectional study supports a previously described
association between leukocyte count and subclinical atherosclerosis and extends that observation to aortic arch atheroma,
for which data on risk factors are less readily available than
for carotid and coronary atherosclerosis. We found an association for WBC and aortic arch atheroma in an elderly,
urban, mostly Hispanic population, in whom the burden of
stroke and other vascular diseases is high. There was both a
continuous relationship of WBC with aortic arch plaque
thickness and an association with plaque thickness of
ⱖ4 mm, a degree of thickness which in clinical studies
strongly correlated with risk of stroke.10,19 The association
was stronger for AAPT than it was for plaque at other
segments of the aorta. The association of WBC and aortic
arch thickness was similar in magnitude to that for the
maximum measurement at the 3 sites. These associations
were present independently of other traditionally defined risk
factors, including age, sex, hypertension, hypercholesterolemia, smoking, and diabetes mellitus. The effect was present
in subgroups defined by sex and age, although the associations may be more prominent among women and those ⬍70
years of age.
Previous studies of atherosclerotic risk factors using another marker of subclinical atherosclerosis, high-resolution
carotid duplex Doppler ultrasound, have examined WBC,
among other hemostatic and infectious markers. Investigators
found WBC to be independently predictive of atherosclerosis
progression over 2 years in a small sample of Finnish men.21

ORs for AAPT >4 mm (TP) Per Unit Increase in WBC Overall and Stratified by Sex and Age
Overall

Men

Women

Those ⬍70 years

Those ⱖ70 years

n

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

OR

95% CI

Unadjusted

145

1.33

1.07–1.66

1.40

1.11–1.77

1.26

1.00–1.60

1.23

0.97–1.56

1.39

1.10–1.75

Adjusted for demographic factors*

145

1.37

1.09–1.73

1.26

0.96–1.66

1.68

1.08–2.61

1.39

1.05–1.85

1.37

1.08–1.74

Adjusted for demographic and
conventional risk factors†

145

1.38

1.05–1.79

1.22

0.89–1.65

1.84

1.11–3.05

1.44

1.05–1.97

1.35

1.03–1.78

*Demographic factors are age and sex in the overall analysis and age in the analysis stratified by sex.
†Conventional risk factors are hypercholesterolemia, hypertension, diabetes mellitus, and current cigarette smoking. Risk factors are as defined in Table 2.
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In another study22 investigators examined patients with established arterial diseases and did not find an association of carotid
atheroma with any of several hematologic factors. An earlier
study7 from our laboratory of 1422 stroke-free participants
provided evidence that among Hispanics there is an association
between WBC and carotid atheroma. The numbers in each
race-ethnic subgroup in the present study were too small to allow
reliable estimates of the effect of WBC on aortic atheroma
within those groups. Studies of clinical atherosclerotic outcome
events, moreover, have found an association between leukocyte
count and atherosclerotic heart disease8,23 and stroke.9,24 Our
study provides additional evidence that in certain populations
elevations in WBC may be independently associated with
markers of subclinical atherosclerosis.
There are fewer data available on risk factors for aortic
arch plaque than on atherosclerosis at other sites such as the
coronary or carotid arteries. The available data are also
limited by variability in techniques for identifying aortic
atherosclerosis. Large-scale studies have used many different
markers of atherosclerosis, including pathological assessment
of lesion size in children at autopsy,25,26 aortic calcification as
seen on chest x-rays,27 and atherosclerosis detected on transesophageal echocardiography.28,29 These studies have generally found that age, systolic hypertension, smoking, and
dyslipidemia are risk factors for arch atherosclerosis.25–28,30,31
The relationship of sex and diabetes mellitus to aortic
atheroma is less certain.28,32 Several emerging risk factors
such as plasma homocysteine,29,33 maternal hypercholesterolemia during pregnancy,26 and fibrinogen34 have also been
found to be associated with aortic atheroma. No previous
large studies have reported a positive association between
leukocyte count and aortic atheroma.
Smoking is probably at least a partial confounder in the
relationship between WBC and aortic atherosclerosis. We and
others have found that current cigarette smoking is associated
with WBC.7,35 Smoking is also associated with subclinical
atherosclerosis.21,36 Smoking itself could thus be the cause of
the increased AAPT, with elevated WBC also resulting from
smoking. We found, however, that there is an increase in
AAPT even after adjustment for current smoking. Residual
confounding or differential reporting of smoking history
dependent on WBC status, which is unlikely, could mask the
effect of smoking on AAPT. Other risk factors may also be
associated with elevated WBC36 and could confound the
relationship between AAPT and WBC.
The magnitude of the effect of elevated WBC on thickened
aortic plaque in our population may be clinically meaningful.
Aortic arch atheroma ⱖ4 mm increases the odds of having a
stroke by a factor of ⬇9.10 For every unit increase in WBC, the
risk of having plaque ⱖ4 mm increased by ⬇37% in our study.
Thus far, no population-based estimates of the relative risk of
developing stroke in association with aortic atheroma are available. There are also significant variations in the estimates of the
prevalence of aortic arch atheroma. The prevalence of aortic arch
atheroma ⱖ4 mm was 2% among those ⬎60 years of age in a
French population referred for transesophageal echocardiogram
for purposes other than stroke.10 In our population-based sample
identified by random-digit dialing, among those ⬎55 years of
age, the prevalence is ⬇26%. Differences in risk factors between
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these populations may explain the difference in prevalence of
arch atheroma.
Elevated leukocytes may contribute to either initiation or
progression of the atherosclerotic lesion. Monocyte-derived
macrophages and T-lymphocytes have been found in human
fatty streaks, even at the earliest stage of the disease process,
suggesting that immune processes may play an initiating or
early role in the development of the lesion.2 Cytokines,
including interleukins, interferons, tumor necrosis factor, and
several growth factors and colony-stimulating factors, have
also been found within atheromatous lesions at all stages
through the use of various techniques.2,37 As the atherogenic
process continues, there is an increase in inflammatory cells
in the atheroma, which are recruited from the blood and
through multiplication within the lesion itself.2,37 Recent
evidence suggests that circulating levels of specific white cell
types such as the CD4⫹CD28null subset of T lymphocytes may
be associated with unstable angina.38 It remains unknown
whether circulating levels of specific white blood cell types
might be associated with subclinical atherosclerosis. We did
not have data on individual leukocyte classes.
Our study has several limitations. Because of its cross-sectional
design, we cannot claim that elevated WBC leads to an increase in
plaque thickness. The converse could just as well be true, ie, that
participants with greater AAPT develop elevated WBC. Our study
also assesses a measure of subclinical atherosclerosis rather than
clinical end points such as myocardial infarction or stroke. Therefore, the clinical significance of the association between WBC and
atherosclerosis remains undetermined. Other markers of subclinical
atherosclerosis, however, such as carotid intima-media thickness are
predictive of clinical ischemic events.39,40 We also did not have data
on clinical infection and thus were unable to make statements about
the underlying causes of the elevated WBC. There was a suggestion
of an association of AAPT with both CRP levels and C pneumoniae
titers, but the numbers of participants who had these markers
measured were small, and the results are inconclusive. Future
studies will need to incorporate more complete data on these and
other inflammatory and infectious markers. However, no participants had signs of overt clinical infection at the time of the study,
and WBC, although relatively higher in participants with TP, was
still within the physiological range for the vast majority of subjects.
We did not have measurements of changes in WBC over time.
In summary, our study supports an association between
WBC and aortic arch atherosclerosis. Evidence from animal
studies and pilot clinical trials in patients with coronary artery
disease41– 43 suggests that the risk of atherosclerotic disease
associated with certain infections may be modifiable. Corroboration from larger, prospective studies of the role of
inflammatory and infectious markers in aortic arch atheroma
and stroke might lead to clinical trials with novel antiinflammatory or anti-infectious therapies to retard atherosclerosis or prevent incident and recurrent stroke.

Acknowledgments
This work was supported by grants from the Columbia University
Office of Clinical Trials (M.S.V.E.), National Institute of Neurological Disorders and Stroke (R01 NS 36286 [M.D.T.], K23 NS42912
[M.S.V.E.]), General Clinical Research Center (2 M01 RR00645),
and Centers for Disease Control Cooperative Agreement (M.S.V.E.).
We acknowledge the support of Ralph L. Sacco, MD, MS, associate

2592

Stroke

November 2002

director of cerebrovascular research, and the technical support of
Inna Titova, BS, and Gabrielle Gaspard, BS, research associates.
23.

References
1. Grundy SM, D’Agostino RB, Mosca L, Burke GL, Wilson PW, Rader DJ,
Cleeman JI, Roccella EJ, Cutler JA, Friedman LM. Cardiovascular risk
assessment based on US cohort studies: findings from a National Heart,
Lung, and Blood Institute Workshop. Circulation 2001;104:491– 496.
2. Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med 1999;
340:115–126.
3. Saikku P, Leinonen M, Mattila K, Ekman MR, Nieminen MS, Makela
PH, Huttunen JK, Valtonen V. Serologic evidence of an association of a
novel Chlamydia, TWAR, with chronic coronary heart disease and acute
myocardial infarction. Lancet. 1988;2:983–985.
4. Thom DH, Grayston JT, Siscovick DS, Wang SP, Weiss NS, Daling JR.
Association of prior infection with Chlamydia pneumoniae and angiographically demonstrated coronary artery disease. JAMA. 1992;268:68–72.
5. Melnick SL, Shahar E, Folsom AR, Grayston JT, Sorlie PD, Wang SP,
Szklo M. Past infection by Chlamydia pneumoniae strain TWAR and
asymptomatic carotid atherosclerosis. Am J Med. 1993;95:499 –504.
6. Elkind MS, Lin I-F, Grayston TJ, Sacco RL. Chlamydia pneumoniae and
the risk of first ischemic stroke: the Northern Manhattan Stroke Study.
Stroke. 2000;31:1521–1525.
7. Elkind MS, Cheng J, Boden-Albala B, Paik MC, Sacco RL, for the
Northern Manhattan Stroke Study. Elevated white blood cell count and
carotid plaque thickness: the Northern Manhattan Stroke Study. Stroke.
2001;32:842– 849.
8. Yarnell JWG, Baker IA, Sweetnam PM, Bainton D, O’Brien JR,
Whitehead PJ, Elwood PC. Fibrinogen, viscosity, and white blood cell
count are major risk factors for ischemic heart disease. Circulation.
1991;83:836 – 844.
9. Noto D, Barbagallo CM, Cavera G, Cefalú AB, Caimi G, Marino G, Lo Coco L,
Caldarella R, Notarbartolo A, Averna MR. Leukocyte count, diabetes mellitus
and age are strong predictors of stroke in a rural population in southern Italy: an
8-year follow-up. Atherosclerosis. 2001;157:225–231.
10. Amarenco P, Cohen A, Tzourio C, Bertrand B, Hommel M, Besson G, Chauvel
C, Touboul PJ, Bousser MG. Atherosclerotic disease of the aortic arch and the
risk of ischemic stroke. N Engl J Med. 1994;331:1474–1469.
11. Tunick PA, Rosenzweig BP, Katz ES, Freedberg RS, Perez JL, Kronzon
I. High risk for vascular events in patients with protruding aortic atheromas: a prospective study. J Am Coll Cardiol. 1994;23:1085–1090.
12. Di Tullio MR, Sacco RL, Gersony D, Nayak H, Weslow RG, Kargman
DE, Homma S. Aortic atheromas and acute ischemic stroke: a transesophageal echocardiographic study in an ethnically mixed population. Neurology. 1996;46:1560 –1566.
13. United States Census of Population and Housing. Public use microdata
sample. Available at: www.census.gov Accessed November 10, 1997.
14. Sacco RL, Gan R, Boden-Albala B, Lin IF, Kargman DE, Hauser WA,
Shea S, Paik MC. Leisure-time physical activity and ischemic stroke risk:
the Northern Manhattan Stroke Study. Stroke. 1998;29:380 –387.
15. Gentry EM, Kalsbeek WD, Hegelin GC, Jones JT, Gaines KL, Forman MR,
Marks JS, Trowbridge FL. The Behavioral Risk Factor Surveys, II: design,
methods, and estimates from combined state data. Am J Prev Med. 1985;1:9–14.
16. Office of Management and Budget. Race and ethnic standards for federal
statistics and administrative reporting (directive 15). Federal Register.
May 4, 1978;43:19269.
17. Sacco RL, Roberts JK, Boden-Albala B, Gu Q, Lin IF, Kargman DE,
Berglund L, Hauser WA, Shea S, Paik MC. Race-ethnicity and determinants of carotid atherosclerosis in a multi-ethnic population: the
Northern Manhattan Stroke Study. Stroke. 1997;28:928 –935.
18. Di Tullio MR, Sacco RL, Savoia MT, Sciacca RR, Homma S. Aortic
atheroma morphology and the risk of ischemic stroke in a multiethnic
population. Am Heart J. 2000;139:329 –336.
19. French Study of Aortic Plaques in Stroke Group. Atherosclerotic disease
of the aortic arch as a risk factor for recurrent ischemic stroke. N Engl
J Med. 1996;334:1216 –1221.
20. Di Tullio MR, Sacco RL, Savoia MT, Sciacca RR, Homma S. Gender
differences in the risk of ischemic stroke associated with aortic atheromas. Stroke. 2000;31:2623–2627.
21. Salonen R, Salonen JT. Progression of carotid atherosclerosis and its
determinants: a population-based ultrasonography study. Atherosclerosis.
1990;81:33– 40.
22. Cortellaro M, Baldessare D, Cofrancesco E, Tremoli E, Colombo A,
Boschetti C, Paoletti R. Relation between hemostatic variables and

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

increase of common carotid intima-media thickness in patients with
peripheral arterial disease. Stroke. 1996;27:450 – 454.
Kannel WB, Anderson K, Wilson PW. White blood cell count and
cardiovascular disease: insights from the Framingham Study. JAMA.
1992;267:1253–1256.
Grau AJ, Buggle F, Becher H, Werle E, Hacke W. The association of
leukocyte count, fibrinogen and C-reactive protein with vascular risk
factors and ischemic vascular diseases. Thromb Res. 1996;82:245–255.
Homma S, Ishii T, Malcom GT, Zieske AW, Strong JP, Tsugane S, Hirose N.
Histopathological modifications of early atherosclerotic lesions by risk factors:
findings in PDAY subjects. Atherosclerosis. 2001;156:389–399.
Napoli C, Glass CK, Witztum JL, Deutsch R, D’Armiento FP, Palinski
W. Influence of maternal hypercholesterolemia during pregnancy on
progression of early atherosclerotic lesions in childhood: Fate of Early
Lesions in Children (FELIC) study. Lancet. 1999;354:1234 –1241.
Iribarren C, Sidney S, Sternfeld B, Browner WS. Calcification of the
aortic arch. risk factors and association with coronary heart disease,
stroke, and peripheral vascular disease. JAMA. 2000;283:2810 –2815.
Agmon Y, Khanderia BK, Meissner I, Schwartz GL, Petterson TM,
O’Fallon WM, Gentile F, Whisnant JP, Wiebers DO, Seward JB. Independent association of high blood pressure and aortic atherosclerosis: a
population-based study. Circulation 2000;102:2087–2093.
Tribouilloy CM, Peltier M, Iannetta-Peltier MC, Trojette F, Andrejak M,
Lesbre JP. Plasma homocysteine and severity of thoracic aortic atherosclerosis. Chest. 2000;118:1685–1689.
Tribouilloy CM, Peltier M, Iannetta-Peltier MC, Zhu Z, Andrejak M,
Lesbre JP. Relation between low-density lipoprotein cholesterol and
thoracic aortic atherosclerosis. Am J Cardiol. 1999;84:603– 605.
Inoue T, Oku K, Kimoto K, Nomoto J, Handa K, Kono S, Arakawa K.
Relationship of cigarette smoking to the severity of coronary and thoracic
aortic atherosclerosis. Cardiology. 1995;86:374 –379.
Tribouilloy CM, Peltier M, Andrejak M, Rey JL, Lesbre JP. Correlation
of thoracic aortic atherosclerotic plaque detected by multiplane transesophageal echocardiography and cardiovascular risk factors. Am J
Cardiol. 1998;82:1552–1555.
Konecky N, Malinow MR, Tunick PA, Freedberg RS, Rosenzweig BP,
Katz ES, Hess DL, Upson B, Leung B, Perez J, Kronzon I. Correlation
between plasma homocyst(e)ine and aortic atherosclerosis. Am Heart J.
1997;133:534 –540.
Tribouilloy CM, Peltier M, Colas L, Senni M, Ganry O, Rey JL, Lesbre
JP. Fibrinogen is an independent marker for thoracic aortic atherosclerosis. Am J Cardiol. 1998;81:321–326.
Yarnell JW, Sweetnam PM, Rogers S, Elwood PC, Bainton D, Baker IA,
Eastham R, O’Brien JR, Etherington MD. Some long term effects of
smoking on the hemostatic system: a report from the Caerphilly and
Speedwell Collaborative Surveys. J Clin Pathol. 1987;40:909 –913.
Nieto FJ, Szklo M, Rock R, Mercuri M. Leukocyte count correlates in
middle-aged adults: the Atherosclerosis Risk in Communities (ARIC)
Study. Am J Epidemiol. 1992;136:525–537.
Libby P, Ross R. Cytokines and growth regulatory molecules. In: Fuster
V, Ross R, Topol EJ, eds. Atherosclerosis and Coronary Artery Disease.
Philadelphia, Pa: Lippincott-Raven; 1996;1:585–594.
Liuzzo G, Kopecky SL, Frye RL, O’Fallon WM, Maseri A, Goronzy JJ,
Weyand CM. Perturbation of the T-cell repertoire in patients with
unstable angina. Circulation. 1999;100:2135–2139.
O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr.
Carotid-artery intima and media thickness as a risk factor for myocardial
infarction and stroke in older adults. N Engl J Med. 1999;340:14–22.
Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common
carotid intima-media thickness and risk of stroke and myocardial
infarction: the Rotterdam Study. Circulation. 1997;96:1432–1437.
Muhlestein JB, Anderson JL, Hammond EH, Zhao L, Trehan S, Schwobe
EP, Carlquist JF. Infection with Chlamydia pneumoniae accelerates the
development of atherosclerosis and treatment with azithromycin prevents
it in a rabbit model. Circulation. 1998;97:633– 636.
Gupta S, Leatham EW, Carrington D, Mendall MA, Kaski JC, Camm AJ.
Elevated Chlamydia pneumoniae antibodies, cardiovascular events, and
azithromycin in male survivors of myocardial infarction. Circulation.
1997;96:404 – 407.
Gurfinkel E, Bozovich G, Beck E, Testa E, Livellara B, Mautner B.
Treatment with the antibiotic roxithromycin in patients with acute nonQ-wave coronary syndromes: the final report of the ROXIS Study. Eur
Heart J. 1999;20:121–127.

