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Abstract
While certain markers of inflammation and hemostasis are elevated in persons at risk for future
cardiovascular events, data assessing the relation between inflammatory and hemostatic markers of
vascular risk and race/ethnicity are limited. Thus, in a cross sectional analysis of the Women’s Health
Study (WHS), baseline soluble intercellular adhesion molecule-1 (ICAM-1), homocysteine and
fibrinogen levels were measured among 23,687 women without a history of cardiovascular disease
(CVD). Among 22,677 white, 242 Hispanic, 428 black and 340 Asian women, the distribution of
median ICAM-1 levels was significantly lower among black (311.9 ng/ml, interquartile range (IQR)
220.1 – 380.0) and Asian (312.7 ng/ml, IQR 267.3 – 362.3) women than among white (343.1, IQR
301.9 – 394.9) and Hispanic (351.9 ng/ml, IQR 305.9 – 404.2) women (p value < 0.001). While
homocysteine levels were marginally lower among Asian women (p=0.05), fibrinogen
concentrations were higher among black women than their counterparts. After control for body mass
index (BMI), hypertension, diabetes, smoking, alcohol use, family history of myocardial infarction,
education, hormone use and lipids, ICAM-1 concentration remained significantly lower among black
and Asian women. Meanwhile, homocysteine levels were lower in Asian women and fibrinogen
levels remained higher in black women than their counterparts. In conclusion, this cross-sectional
analysis revealed that baseline fibrinogen, ICAM-1 and homocysteine levels vary by self-reported
race/ethnicity.

Keywords
cellular adhesion molecule; homocysteine; fibrinogen; race; ethnicity

Much of the data related to the distribution and utility of novel markers of vascular risk were
obtained in primarily white populations and data from non-white populations remain limited.
In this regard, we have previously shown within the Women’s Health Study (WHS) that C-
reactive protein (CRP) levels are higher among African American women than other self-
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described race/ethnic groups despite adjustment for important confounders of CRP levels, data
corroborated in the Dallas Heart Study (1–2). These data may have clinical relevance because
while the self-designation of race/ethnicity is not a proxy for genetic heritability, data indicate
that in the USA, race/ethnic self-designation tracks with cardiovascular outcome. Since
hormone replacement therapy (HRT) is known to affect cardiovascular disease (CVD) risk,
also of interest is the effect of HRT on the levels of novel CVD risk factors. Consequently, in
this analysis we sought to examine the distribution of ICAM-1, fibrinogen and homocysteine
concentrations by self-reported race/ethnicity among women of different race/ethnic groups
participating in the WHS.

METHODS
Baseline blood samples were collected from 28, 345 initially apparently healthy
postmenopausal women participating in the WHS (3), a randomized, placebo controlled,
double-blinded trial of aspirin and vitamin E in the primary prevention of cancer and
cardiovascular disease. Data for age, weight, height, blood pressure, smoking status, diabetic
status, estrogen use, alcohol consumption, exercise frequency, family history of myocardial
infarction, education, self-identified race/ethnicity were available for 23, 687 participants and
form the basis of this analysis. Race/ethnicity, height and weight were self-reported. Race/
ethnicity was reported in one of six categories (white, Hispanic, black, Asian/Pacific Islander,
American Indian/Alaskan native, other) but only women who identified themselves as white,
Hispanic, black or Asian/Pacific Islander (hereafter referred to as Asian) will be included in
this analysis since the sample size of the other two categories were small.

Baseline blood samples were assayed for ICAM-1, fibrinogen, homocysteine and lipid levels.
ICAM-1 concentrations were determined using an ELISA assay (R & D Systems, Minneapolis
MN). Fibrinogen concentration was determined using a Roche Diagnostics (Indianapolis, IN)
immunoturbidimetric assay utilizing reagents and calibrators from Kamiya Biomedical
Company (Seattle, WA), and homocysteine was measured using an enzymatic assay with
reagents and calibrators from Catch Inc. (Seattle, WA). Lipid levels were measured in a
certified Centers for Disease Control and Prevention standardized laboratory.

The significance of any differences in means or proportions of baseline cardiovascular risk
factors was assessed by analysis of variance or chi square statistic respectively. Median
ICAM-1, fibrinogen and homocysteine levels are reported for each race/ethnic group and the
Kruskall-Wallis test evaluated any difference in their individual distributions. Since the
distributions of ICAM-1, fibrinogen and homocysteine levels are skewed, log-transformed
levels were used in regression analyses. We have also performed one way ANOVA followed
by the student newman keuls test for multiple comparisons (p =0.05 level) utilizing log
normalized levels of the different biomarkers.

Multivariate linear regression analyses were used to evaluate the relation between log-
normalized levels of ICAM-1, fibrinogen, homocysteine and race/ethnic group. We first
assessed the age-adjusted relationship between race/ethnic categories and log-normalized
levels of ICAM-1, fibrinogen and homocysteine separately. Thereafter, we evaluated the
individual contribution of various CVD risk factors to the plasma concentration of each
vascular marker by constructing additional models that independently predicted log-ICAM-1/
fibrinogen/homocysteine. These models included age, the potential confounder of interest and
indicator variables for the different race/ethnic groups. White women served as the reference
category. Fully-adjusted models included age, smoking status, diabetic status, hypertension
history, exercise, HRT use, history of myocardial infarction in the mother/father < 60 years
old, education level, lipid parameters (low density lipoprotein (LDL-C), high density
lipoprotein (HDL-C)), body mass index and race/ethnic category.
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RESULTS
There were 22, 677 white, 242 Hispanic, 428 black and 340 Asian participants. Overall, the
mean age of the 23, 687 women at baseline was 54.2 ± 7.1 years. In general, Asian women
were younger, had the lowest body mass index, were less likely to be smokers and to use alcohol
than their counterparts (Table 1). Black women were more likely to have a history of
hypertension, diabetes mellitus and had the highest body mass index compared to the women
of other race/ethnic categories. The distribution of total cholesterol (p=0.6) and LDL-C (p=0.2)
levels were not significantly different between women of the various race/ethnic groups.
However, Hispanic women were more likely to have lower HDL-C than other women.

Figure 1 shows the median ICAM-1 levels by race/ethnic group. Overall, ICAM-1 levels were
lower among black (311.9 ng/ml, IQR 220.1, 380.0) and Asian (312.7 ng/ml, IQR 267.3, 362.3)
women than among white (343.1 ng/ml, IQR 301.9, 394.9) and Hispanic (351.9 ng/ml, IQR
305.9, 404.2) women [p overall < 0.001]. In fully adjusted multivariate regression analyses,
ICAM-1 levels among black and Asian women remained 20.2% and 8.8% lower respectively
than the ICAM-1 levels of their white counterparts. As expected, multiple comparison testing
for differences in ICAM-1 levels between the various race/ethnic groups indicate that the
ICAM-1 levels of black and Asian women were significantly different from each other and
from those of white and Hispanic women at the 0.05 significance level. There was no significant
difference between baseline ICAM-1 levels of white and Hispanic women (Table 2).

Among Asian women, alcohol use (−13.1%, p <0.001) and among black women, body mass
index (−17.3%; p <0.001) resulted in the largest attenuations in ICAM-1 concentrations.
Overall, black race and a history of current smoking were the strongest determinants of baseline
ICAM-1 l concentrations. There were no significant differences in median ICAM-1 levels
between HRT users (341.3 ng/ml, 300.8, 391.1) and non-users (343.4 ng/ml, IQR 300.8, 396.5)
[p = 0.09].

Figure 2 shows the distribution of homocysteine levels by race/ethnicity. Homocysteine levels
were lower among Asian women than those of black, white and Hispanic women (Table 2).
However, median homocysteine levels were higher among women not taking HRT (HRT: 10.2
umol/L, IQR 8.5, 12.3 versus no HRT: 10.7 umol/L, IQR 8.8, 13,2; p <0.001).

Black women were noted to have the highest fibrinogen levels (395.7 mg/dL, IQR 341.4, 454.5)
[Figure 3]. Fibrinogen levels of Asian and white women were similar, whereas those of black
and Hispanic women were different from each other and from the fibrinogen levels of white
and Asian women (p = 0.05). Similar to the case for ICAM-1, multivariate models demonstrated
that black race and current smoking were the strongest determinants of fibrinogen levels.
Finally, fibrinogen levels were higher among non-HRT users compared to HRT users (HRT:
341.5 mg/dL, IQR 301.5, 388.1 versus no HRT: 358.2 mg/dL, IQR 312.0, 412.6; p <0.001).

DISCUSSION
These cross-sectional data demonstrate that baseline plasma concentrations of ICAM-1,
fibrinogen and homocysteine vary by self reported race/ethnicity. Prior data examining
ICAM-1 levels among different race/ethnic groups are scant. Our results support European
data from Miller et al (4) who demonstrated that Afro-Caribbean and West Africans living in
England had significantly lower ICAM-1 levels than whites or South Asians. Likewise, results
from a case control evaluation among Atherosclerosis Risk in Communities Study (ARIC)
participants that assessed the relationship between ICAM-1 levels and CVD indicate that
among controls, ICAM-1 levels were also lower in blacks than in whites (5). The lower ICAM-1
levels noted in both European and American blacks have inconsistent relations with CVD risk
for these groups in the respective countries. For example, in England CVD risk is lower among
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blacks than whites, while in the US, CVD risk is higher among blacks compared to whites.
This observed dichotomy between ICAM-1 levels among blacks and differing CVD population
risk suggests that intrinsic biology likely heavily dictates the observed differences in ICAM-1
levels by race/ethnic identification.

Our finding of higher fibrinogen levels among black women compared to women in the other
race/ethnic groups concurs with published data related to fibrinogen in this regard. Previous
studies indicate that fibrinogen levels are higher among blacks than whites and Asian sub-
populations. For example, research from the Coronary Artery Risk Development in Young
Adults (CARDIA), Cardiovascular Health Study (CHS), and ARIC all demonstrate that
fibrinogen levels were significantly higher among blacks and women than among whites and
men (6–8). By contrast, among Afro-Caribbean and West-African blacks residing in London,
fibrinogen levels were noted to be lower than those of whites and South Asians (9). It is
plausible that both environmental and genetic factors influence fibrinogen levels, although the
degree of contribution of each factor is unknown. Of interest is the finding of a low prevalence
of the C148 → T allele in the black population in England, a polymorphism that is associated
with higher fibrinogen levels. Meanwhile, among various Asian groups, fibrinogen levels seem
to differ. Japanese men appear to have lower fibrinogen levels than Americans (10), a finding
that correlates with lower rates of coronary heart disease mortality observed in this population.
Still, in South Asian populations, studies related to baseline fibrinogen levels are conflicting.
Whereas some research show fibrinogen levels to be higher among South Asians than in whites,
particularly among Hindus, a finding that might be in part be related to the prevalence of the
metabolic syndrome and vegetarianism in this population (11–12). Other data show that
fibrinogen levels are similar among South Asians and whites (13–14).

These data demonstrate that homocysteine levels were lower among Asian women than among
women who belonged to the other race/ethnic groups. In data obtained prior to folate
supplementation from the National Health and Nutrition Examination Survey III, whites were
noted to have the highest homocysteine levels, followed by Mexican Americans and blacks, a
finding that might be due to the higher prevalence of the MTHFR 677C → T point mutation
that causes decreased activity of the noted enzyme among whites (15). However, both pre and
post folate fortification data from the Northern Manhattan Study show that while blacks had
the highest homocysteine levels followed by whites and Hispanics, only among whites and
Hispanics were these levels significantly predictive of vascular outcomes and stroke (16). In
contrast to our finding, research related to homocysteine levels among South Asians residing
in England as well as in Canada show that they have higher homocysteine levels than their
white and black counterparts (17–18). As was the case for fibrinogen levels, Hindu ethnicity
and vegetarianism heavily influenced the higher homocysteine levels observed in these
populations. In this study, we are unable to assess within ethnic group heterogeneity.

This study also adds information regarding the effect of HRT on ICAM-1, fibrinogen and
homocysteine levels. Several reports demonstrate that oral HRT decreases ICAM-1 plasma
concentrations. However, in this large cohort of apparently healthy women, there were no
significant differences in ICAM-1 concentrations based on HRT status. One limitation of
published reports that might have affected results is the short follow-up time related to
measurement of ICAM-1 levels in relation to HRT use. HRT resulted in statistically significant
decreases in homocysteine and fibrinogen levels among participants, a finding that is consistent
with most published reports related to oral HRT use (19–21). Of note, transdermal HRT does
not appear to significantly affect fibrinogen levels (19,22), whereas raloxifene seems to lower
fibrinogen levels (20,23). Finally, a majority of reports regarding the effect of HRT on
homocysteine concentrations indicate that both oral HRT and raloxifene decrease
homocysteine levels (24–25).
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Figure 1a–c.
Median Levels of soluble-Intercellular Adhesion Molecule-1 According to Race/Ethnic Group

Albert et al. Page 7

Am J Cardiol. Author manuscript; available in PMC 2008 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2a–c.
Median Levels of Homocysteine According to Race/Ethnic Group
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Figure 3a–c.
Median Levels of Fibrinogen According to Race/Ethnic Group
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