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Abstract
Objectives—Examine the relationship between specific polymorphisms in the fibrinogen,
homocysteine and intercellular adhesion molecule-1 genes and their respective inflammatory
biomarker concentrations at baseline in women from different race/ethnic groups.

Background—Although inflammation is a core element of atherogenesis and plasma levels of
fibrinogen, homocysteine and intercellular adhesion molecule-1 (ICAM-1) differ by race/ethnicity,
little is known about the role of genetic polymorphisms in the fibrinogen (FGB),
methylenetetrahydrofolate reductase (MTHFR), and intercellular adhesion molecule-1 (ICAM-1)
genes in determining plasma levels of these biomarkers.

Methods—We genotyped specific polymorphisms in FGB (-455G>A/rs1800790), MTHFR
(677C>T/rs1801133) and ICAM-1 (Lys56Met/rs5491 and Gly241Arg/rs1799969) at baseline, and
evaluated their relationship with respective inflammatory biomarker levels in 25, 565 white, 476
African-American (black), 277 Hispanic and 370 Asian women participating in the Women’s
Genome Health Study.

Results—Overall, the minor allele frequencies for –455G>A were similar among white, Hispanic
and Asian women (17.2 to 21.9%) but significantly lower in black women (6.6%, p< 0.001). The
minor allele was associated with elevated fibrinogen levels only in whites and Asians. After
adjustment for age, body mass index, smoking, postmenopausal status, diabetes, hormone
replacement therapy use, hypertension and education, black women had the highest fibrinogen levels
compared to other race/ethnic groups. The minor allele frequency of the MTHFR 677C>T
polymorphism was lowest in blacks (blacks 12.1%, whites 33.1%, Hispanics 39.0%, Asians 24.0%)
and the T allele was only significantly associated with homocysteine levels in white women. Among
whites, Hispanics and Asians, the Lys56Met polymorphism was rare compared to the frequency in
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blacks (p <0.001). Neither the Lys56Met nor Gly241Arg polymorphisms were common in Asians.
Nonetheless, both polymorphisms were generally associated with lower ICAM-1 levels; the lowest
levels were observed in black women.

Conclusion—We found significant associations between certain candidate genetic polymorphisms
and baseline plasma levels of fibrinogen, homocysteine and intercellular adhesion molecule-1 in
women from various race/ethnic groups. The present investigation is hypothesis generating and
suggests genetic determination of differential concentrations of these atherosclerosis-related
inflammatory biomarkers differ among various race/ethnic groups.
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Introduction
In the United States, cardiovascular morbidity and mortality varies significantly by self-
described race/ethnicity. African-Americans (blacks) die from cardiovascular disease (CVD)
including myocardial infarction, stroke and sudden cardiac death at substantially higher rates
than other Americans (1). In particular, black women have vascular mortality rates that are
30% higher than white women and a coronary heart disease prevalence rate that is 50% higher
than that of Hispanic women (1). The underlying causes of these statistics are complex and
multi-factorial, and likely include differences in risk factor burden, treatment, bias, social and
environmental factors.

From a pathophysiologic standpoint, blacks who die from cardiac causes paradoxically tend
to have less coronary atherosclerotic disease burden and more stable plaques at autopsy than
whites (2–5). Also, research from our group and others indicate that black women have higher
levels of baseline inflammation than women from other race/ethnic groups, a factor that might
contribute to their observed higher vascular event rates (6–8). For example, baseline
concentrations of C-reactive protein and fibrinogen levels are higher and intercellular adhesion
molecule-1 levels are lower in black women compared to white, Hispanic and Asian women
(7,8). However, little is known about the contribution of genetic factors to observed differences
in inflammatory biomarker levels of CVD risk by race/ethnicity. An examination of
polymorphisms in the promoter region of the β-fibrinogen gene (G-455>A, C-148>T) among
whites, blacks (Caribbean and West African born) and South Asians residing in London
revealed that the minor A allele was less prevalent in blacks and was not associated with
elevated fibrinogen levels (9). Meanwhile, although the T allele was also less common in
blacks, it was associated with higher fibrinogen levels in this race/ethnic (r/e) group. Limited
research remains available about any association between polymorphisms in the homocysteine
gene and plasma concentrations of this biomarker by race/ethnicity. Still, small case-control
and cross-sectional investigations of the MTHFR C677T variant and atherosclerosis in whites
and blacks have generally found no relationship between this variant and coronary heart disease
(CHD) or sub-clinical atherosclerosis (10,11). Consequently, we examined the relationship
between candidate polymorphisms in the fibrinogen, homocysteine and ICAM-1 genes and
their associated plasma levels among self-describ ed white, black, Hispanic and Asian women
living in the United States. Polymorphisms were chosen based on prior evidence of potential
functionality, validated allele frequency and heterozygosity, and sequence proven allelic
variation.
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Methods
Study Design

We examined the cross-sectional relationship between certain single gene nucleotide
polymorphisms in the fibrinogen, homocysteine and ICAM-1 genes and serum levels of
inflammatory biomarkers in different race/ethnic groups. Participant data came from the
Women’s Genome Health Study (WGHS), a genetic sub-study in the Women’s Heath Study
(WHS), a recently completed randomized, double-blinded, placebo-controlled trial of vitamin
E and low-dose aspirin for the primary prevention of cardiovascular events and cancer among
women (12–14). The study population consisted of apparently healthy women 45 years and
older, who were enrolled between November 1992 and July 1995 and had no prior history of
cardiovascular disease or cancer at study entry. EDTA plasma specimens were collected from
28,345 women and stored in liquid nitrogen until the time of analysis. Of these women, baseline
data on age, smoking status, weight, height, diabetic status, hormone replacement therapy
(HRT) use, hypertension, family history of myocardial infarction (MI), alcohol use, physical
activity were available for 26,688 participants who form the basis of this analysis. An ELISA
assay from R & D Systems, Minneapolis MN was used to measure ICAM-1 levels, whereas
homocysteine concentrations were determined by enzymatic assay with reagents and
calibrators from Catch Inc. (Seattle, WA). Fibrinogen was assayed using a Roche Diagnostics
(Indianapolis, IN) immunoturbidimetric system with reagents and caibrators from Kamiya
Biomedical Company (Seattle, WA). Information on race/ethnicity was obtained by participant
self-report in one of six categories (white, Hispanic, black, Asian/Pacific Islander, American
Indian/Alaskan native, other). Native Americans and “other” were excluded from this analysis
due to small sample size. The study was approved by the institutional review board of Brigham
and Women’s Hospital (Boston, Massachusetts).

Genotype Determination
As previously described, genotype analysis was performed using an immobilized probe
approach (Roche Molecular Systems, Alameda, California) (15). In brief, each DNA sample
was amplified in a multiplex polymerase chain reaction (PCR) using biotinylated primers. Each
PCR product pool was then hybridized to a panel of sequence-specific oligonucleotide probes
immobilized on a linear array. The colorimetric detection method was based upon the use of
streptavidin-horseradish peroxidase conjugates with hydrogen peroxide and 3,3′,5,5′-
tetramethylbenzidine as substrates. Genotype assignment was performed using the proprietary
Roche Molecular Systems StripScan image processing software (Roche Molecular Systems,
Inc., CA). To confirm genotype assignment, scoring was carried out by two independent
observers. Discordant results (<1% of all scoring results) were resolved by a joint reading, and
where necessary by repeat genotyping.

Statistical Analysis
Allele and genotype frequencies in the whole sample population were compared with values
predicted by Hardy-Weinberg equilibrium using the Chi-squared test. Within each race/ethnic
group, we calculated residual biomarker levels after adjusting for age, smoking, body mass
index (BMI), menopausal status, diabetes, HRT use, hypertension (≥140/90 mmHg or on anti-
hypertensive medications), education and income. Linear regression analysis was performed
to evaluate the relationship between genotypes and residual biomarker concentrations
according to race/ethnic status assuming an additive contribution of each minor allele. Based
on the present sample sizes, at the 0.05 significance levels, we had 80% power to detect effects
explaining 0.04%, 1.65%, 2.15% and 2.8% of the variance among whites, blacks, Asians and
Hispanics respectively. For example, for a minor allele with frequency 0.10, these effects
correspond to a shift in the level of sICAM-1 per copy of minor allele of 0.033, 1.357, 1.709
and 3.039ng/ml respectively. The relationship between each polymorphism and corresponding
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residual plasma biomarker concentrations was tested using linear regression. A two-tailed p-
value of 0.05 was considered a statistically significant result. All analyses were carried out
using SAS/Genetics 9.1 package (SAS Institute Inc., Cary, NC, USA).

Results
Table 1 shows the baseline characteristics of the study population according to race/ethnicity.
Black women were more likely to have a history of hypertension, diabetes, smoking and had
a higher BMI than white, Hispanic or Asian women. Asian women had the lowest BMI, while
Hispanic women were more likely than other women to have a history of hypercholesterolemia.
Table 2 shows the relationship between the specific biomarker levels after adjustment for age,
BMI, smoking, menopausal status, HRT use, diabetes, hypertension, income and education in
Hispanics, blacks and Asians compared to whites. After adjustment for the aforementioned
variables, homocysteine levels were not significantly different in Hispanic and black women
compared to white women, whereas fibrinogen levels remained higher for all three race/ethnic
subgroups compared to white women. Black women had the highest fibrinogen levels followed
by Hispanic women. ICAM-1 levels were lower in black and Asian women than in other
women.

Allele and genotype frequencies for –455G>A SNP in the fibrinogen gene were generally
similar for white, Hispanic and Asian women, but were not in Hardy-Weinberg equilibrium
(HWE) in whites (p <0.001) and Asians (p = 0.04) [Table 3]. The overall genotyping
completion rate was ≥ 95% per gene variant. Two percent of the samples were randomly
selected for re-genotyping and 100% concordance was found. Thus, we did not find genotyping
errors that might be responsible for the observed Hardy-Weinberg disequilibrium. Because of
our stringent genotyping criteria, we believe that the latter results are due to chance and not
due to genotyping error. Moreover, the observed allele frequencies in our sample population
correspond to previously published estimates (9). The minor allele frequency (MAF) of the –
455G>A SNP was lowest in black women at 6.6%. The minor allele of the 677C>T SNP in
the homocysteine gene was relatively prevalent in whites, Hispanics and Asians and was in
HWE in all race/ethnic groups. Two polymorphisms in the ICAM-1 gene (Lys56Met and
Gly241Arg) by race/ethnic status were evaluated. The minor allele frequency associated with
the Lys56Met polymorphism is relatively rare (<3.0%), except in blacks where the frequency
of the Met allele was 16.3 %; allele and genotype frequencies were in HWE in all groups
studied. The Gly241Arg SNP was more common in whites and Hispanics than in blacks and
Asians. The linkage disequilibrium (D′) for white, Hispanic, black and Asian women are 0.61,
1.00, 0.77, and 1.00 respectively.

Table 4 shows the association of residual biomarker levels with the examined polymorphisms
by race/ethnic designation. Among whites all examined SNPS were related to corresponding
inflammatory biomarker levels [677C>T, adjusted R2 = 0.0061; -455G>A, adjusted R2 =
0.0074; Lys56Met, adjusted R2 = 0.0085; Gly241Arg, adjusted R2 = 0.0183]. Both
polymorphisms in the ICAM-1 gene were associated with lower ICAM-1 levels in whites. In
Hispanics, the Gly241Arg SNP in the ICAM-1 gene (adjusted R2 = 0.0283) and the Lys56Met
SNP (adjusted R2 = 0.0127; p=0.045) were associated with ICAM-1 levels. Similar to the
observation in Hispanic women, there was no association between the 677C>T and –455G>A
SNPs and homocysteine or fibrinogen levels respectively in black women. However, both
ICAM-1 SNPs were significantly associated with lower ICAM-1 levels among black women
(Lys56Met, adjusted R2 = 0.4247; Gly241Arg, adjusted R2 = 0.0088). Finally, in Asian women
both the –455G>A (adjusted R2 = 0.0497), and Lys56Met (adjusted R2 = 0.2168) SNPs were
significantly related to higher and lower levels of fibrinogen and ICAM-1 levels respectively.
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Discussion
We examined the cross-sectional relationship between polymorphisms in the fibrinogen,
homocysteine and ICAM-1 genes, associated inflammatory biomarker levels and race/ethnicity
among participants in the WGHS. Although black women had the highest fibrinogen levels,
the minor allele of the –455G>A polymorphism was only associated with elevated fibrinogen
levels in whites and Asians. Homocysteine levels were only significantly related to the MTHFR
677C>T polymorphism in white women. The Lys56Met ICAM-1 gene polymorphism was
generally rare in whites, Hispanics and Asians and was associated with lower ICAM-1 levels
in these women. The Gly241Arg polymorphism was also associated with lower ICAM-1 levels.
Our findings indicate that after taking into account measured environmental factors, certain
polymorphisms in the fibrinogen, homocysteine and ICAM-1 genes previously associated with
atherosclerosis relate to serum concentrations of these inflammatory markers in a differential
manner based on race/ethnicity.

While elevated fibrinogen levels are associated with increased CVD risk (16), studies
evaluating functional polymorphisms in the fibrinogen gene and any relationship with CVD
events are sparse and generally show a weak or no relationship (17,18). Moreover, the role of
race/ethnicity on the latter is largely unexplored with a few studies evaluating blacks and
whites. To date, the –455G>A polymorphism in the promoter region of the fibrinogen gene
has been most commonly examined. Some reports suggest that the A/A genotype is associated
with elevated fibrinogen levels in white populations (19,20). Additionally, the frequency of
the A allele differs between whites and blacks with most reports indicating 15–22% and < 7%
allele frequencies in these race/ethnic groups respectively (9,20). The allele frequencies
associated with the –455G>A SNP based on race/ethnicity in our study are similar to those
observed in these previous studies. Our data extend previous reports by as well demonstrating
that the frequency of the minor A allele is similar between Hispanic, Asian and white
Americans; moreover, as is the case for blacks, among Hispanics this allele was not associated
with fibrinogen levels. In general, U.S blacks and women tend to have higher fibrinogen
concentrations (8,21) than other groups, a finding that is probably largely dictated by
environmental factors and of course possibly the impact of other polymorphisms. This assertion
is supported by 1) the observation of lower fibrinogen levels among blacks living in London
compared to whites and South Asians (9); 2) evidence that another polymorphism –148C>T
associated with elevated fibrinogen levels that is in complete allelic association with –455G>A
in whites but not in blacks (9); 3) previous work from our group in this cohort and others
demonstrating that fibrinogen levels were highly correlated with smoking, body mass index
and race/ethnicity (16); 4) research suggesting that single site fibrinogen gene SNPs only
account for < 2% of variation in serum fibrinogen levels (20).

Because elevated homocysteine levels result in heightened vascular risk (22–24),
investigations about factors that result in raised serum concentrations including deficiencies
in vitamins B6, B12 and folate have naturally led to examination of genetic causes. The
mutation 677C>T in the MTHFR gene is relatively common in white populations (25,26) and
is implicated in hyperhomocystenemia. Although homozygotes with the TT genotype tend to
have the highest levels of homocysteine, consistent evidence about any relationship of this
polymorphism with vascular risk is lacking (27,28). In this study, homocysteine levels were
only associated with the 677C>T polymorphism in white women, a finding that is in part related
to the lower observed minor allele frequencies in the other r/e groups, but also likely due to
the influence of environmental factors on homocysteine levels. In other race/ethnic groups,
little information is available regarding the effect of MTHFR on homocysteine levels, or its
role in cardiovascular events (10,29). In general, homocysteine levels do not appear to vary
significantly based on race/ethnic designation, (8,30,31) although certain cultural customs such
as vegetarianism might predispose to higher homocysteine levels in some ethnic groups.
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Although the lys56met and gly241arg variants in the ICAM-1 gene have been implicated in
atherogenesis, these polymorphisms are linked with lower ICAM-1 levels and research from
our group demonstrated no association between ICAM-1 levels, these variants and CVD (32,
33). Research from a multi-ethnic sample from Bielinski et al. also show no relationship
between these ICAM-1 SNPs and the coronary artery calcium (35). Both polymorphisms were
relatively rare among Asian women (MAF < 3%), but the frequency of the lys56met was higher
in black women (16.3%) compared to other women, a finding that corroborates other data
showing allele frequencies of 20–30% in black women living in Kifili, Kenya and the U.S
(34,35). Experimental evidence suggests that the 56met allele probably exerts a protective
influence against cerebral malaria, a lethal illness for which millions are at risk in Africa
(36). Thus, environmental forces might have selected for a higher frequency of the 56met allele
in populations from the African Diaspora. Intriguingly, the lys56met polymorphism is also
associated with relatively lower levels of ICAM-1 among black women compared to other
women in our study. However, this finding might relate to the inability of the common
commercial monoclonal ICAM-1 antibody assay used in this study and others to detect the
plasma ICAM-1 in persons homozygous for the 56met allele (37,35). Recent work about
ICAM-1 SNPs and biomarker levels demonstrate that after exclusion of T-allele carriers
(lys56met), rs5496 and rs1799969 were significantly associated with ICAM-1 levels in blacks
and Hispanics respectively (35); notably HapMap data obtained from Yorubans show that the
LD between rs5496 and rs5491 is D′ =0.064.

While our study has uniquely examined the relationship between race/ethnicity, inflammatory
biomarkers associated with cardiovascular risk and putative genetic polymorphisms,
limitations of our study must be addressed. First, our data are cross-sectional and therefore
causality and any association with CVD outcomes cannot be determined. Second, race/ethnic
background was self-reported and thus does not take into account heterogeneity within race/
ethnic groups or genetic admixture. However, it is critical to note that self-described race/
ethnicity is a powerful predictor of vascular outcomes in the U.S, an observation that is
influenced by gene-environment interactions. Moreover, we have previously reported that
99.7% of self-reported whites were accurately categorized as white utilizing principal
component analysis to identify ancestry (38). Third, since CVD is a complex, polygenic
condition, multiple polymorphisms undoubtedly interact to influence plasma inflammatory
biomarker levels. Moreover, it is possible that other polymorphisms in the examined genes
that are not in linkage disequilibrium with the ones that we studied could result in different
results. Fourth, although the number of non-white compared to white subjects is small, we had
at least 80% power to detect up to 2.8 % variance in biomarker levels in non-whites. Also, as
previously noted, the polymorphisms tested in our study were solely selected based on prior
evidence of potential functionality, validated allele frequency and heterozygosity, and
sequence proven allelic variation. Thus, linkage disequilibrium/haplotype structure was not
considered. Hence, further studies using linkage disequilibrium/haplotype-SNP tagging
information from public genome databases such as HapMap are warranted. We did not correct
for multiple comparisons but these polymorphisms have been widely characterized and are
functionally relevant; additional studies are needed to examine the associations of the genetic
polymorphisms with respective biomarker levels in non-whites.

Future work is also needed to prospectively examine the association between these and other
candidate genetic polymorphisms with CVD risk in non-white populations. Attention must be
given to comprehensive, standardized measurement of various environmental factors that goes
beyond the typical measured factors such as smoking and physical activity to include
assessment of other often unmeasured critical environmental influences such as neighborhood
environment and other stressors that also heavily influence CVD health outcomes.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1
Baseline Characteristics (N=26, 688)

White (N=25,565) Black (N=476) Asian (N=370) Hispanic (N=277)

Age, yrs 54.7 ± 7.1 54.1 ± 6.3 53.4 ± 5.6 53.9 ± 6.2

BMI, kg/m2 25.9 ± 5.0 28.6 ± 5.6 23.4 ±3.4 26.2 ± 4.9

HTN, % 24.6 45.0 25.1 24.2

Diabetes, % 2.6 9.0 3.0 6.1

Hypercholesterolemia, % 29.5 30.7 34.1 36.5

Current Smoking,% 11.5 16.0 3.0 9.8

HRT, % 43.7 38.3 38.7 40.4

Homocysteine, μmol/L 10.5 (8.7–12.9) 10.5 (8.7–12.8) 9.8(8.1–11.5) 10.4 (8.4–13.2)

Fibrinogen, mg/dL 350.0 (307.0–401.7) 395.6 (341.8–454.5) 344.1 (299.1–393.4) 365.0 (318.6–402.7)

sICAM-1, ng/mL 343.2 (301.9–394.9) 309.5 (218.1–375.4) 312.0 (266.4–358.4) 350.1 (307.6–401.6)

Menopause, % 54.4 51.4 57.4 44.4

≥4-yr College Degree, % 43.7 47.9 77.7 43.8

≥$50K Income, % 54.5 48.7 84.9 48.9

Biomarker levels presented as median (IQR)

All other measures are presented as mean ± SD

sICAM-1 = soluble ICAM-1
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