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Abstract

Background—~Prior studies suggest that the causes of calcific aortic valve (AV) disease involve
chronic inflammation, lipoprotein levels, and calcium metabolism, all of which may differ among
race-ethnic groups. We sought to determine whether AV thickness differs by race-ethnicity in a large
multi-ethnic population-based cohort.

Methods—The Northern Manhattan Study (NOMAS) includes stroke-free community-based
Hispanic (57%), non-Hispanic black (22%), and non-Hispanic white (21%) participants. The relation
between AV thickness on transthoracic echocardiography and clinical risk factors for atherosclerosis
was evaluated among 2085 participants using polytomous logistic regression models. AV thickness
was graded in three categories (normal, mild, and moderate/severe) based on leaflet thickening and
calcification.

Results—Mild AV thickness was present in 44.4% and moderate/severe thickness in 5.7% of the
cohort, with the lowest frequency of moderate/severe thickness seen particularly among Hispanic
females. In multivariate models adjusting for age, sex, race-ethnicity, body mass index, hypertension,
coronary artery disease, blood glucose, and high-density lipoprotein cholesterol, Hispanics had
significantly less moderate/severe AV thickness (odds ratio (OR) 0.43, 95% confidence interval (95%
Cl) 0.25 to 0.73) than non-Hispanic whites. Men were almost 2-fold as likely to have moderate/
severe AV thickness compared to women (OR 1.96, 95% CI 1.24 to 3.10).

Conclusions—In this large multi-ethnic population-based cohort, there were ethnic differences in
the degree of AV thickness. Hispanic ethnicity was strongly protective against AV thickness. This
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effect was not related to traditional risk factors, suggesting that unmeasured factors related to
Hispanic ethnicity and AV thickness may be responsible.

Introduction

Methods

With the current shift toward an elderly population, calcific aortic valve (AV) disease is an
important and growing public health problem. The prevalence of AV calcification in the general
population is estimated at 25% in patients 65 years and older, increasing to 48% in those above
84 years of age 1°3. Calcific AV disease is identified by thickening and calcification of the AV
leaflets in the absence of rheumatic heart disease. For many years, calcific AV disease was
regarded as a degenerative and therefore unmodifiable process. However, more recent studies
have demonstrated that calcific lesions have many features characteristic of an active
pathobiological process, including chronic inflammation, lipoprotein deposition, and active
leaflet calcification, as well as a manifestation of the atherosclerotic process 476, all of which
may differ among race-ethnic groups. Some studies showed disparities among race-ethnic
groups in prevalence of atherosclerotic risk factors such as obesity, hypertension, diabetes,
hypercholesterolemia, and inflammatory status ’~°. In particular, Hispanics have been shown
to have less mitral annular calcification and coronary artery calcification than non-Hispanic
whites 19-12, Thus, we sought to determine whether AV thickness based on leaflet thickening
and calcification differs by race-ethnicity in a large multi-ethnic population-based cohort.

Study population

The Northern Manhattan Study (NOMAS) is a population-based prospective cohort study of
stroke-free individuals that was designed to investigate cardiovascular and stroke incidences,
risk factors, and prognosis in a multi-ethnic urban population of the northern Manhattan (New
York) area. The methods of subject recruitment and enrollment into NOMAS have been
described previously 13. Briefly, community participants from northern Manhattan were
eligible if they (1) had never been diagnosed with a stroke, (2) were > 40 years of age, and (3)
resided in northern Manhattan for at least 3 months in a household with a telephone. Stroke-
free participants were identified by random digit dialing. Ninety percent of those called
participated in a telephone interview, and 75% of those who were eligible and invited to
participate came to Columbia University Medical Center (CUMC) for an in-person evaluation.
The study was approved by the Institutional Review Board at CUMC, and all participants gave
written informed consent. A total of 3298 subjects underwent in-person evaluation between
1993 and 2001, including transthoracic echocardiograms in a majority of participants.
Echocardiograms were technically adequate for analysis in 2085 subjects and these form the
basis for this analysis.

Clinical and biochemical data

The variables chosen for this analysis were based on previous studies that showed risk factors
associated with AV sclerosis and stenosis are similar to those of atherosclerosis 2: 14 15,
Continuous variables included age, height, weight, body mass index (BMI), waist
circumference, average of systolic and diastolic blood pressure (BP), blood sugar, total
cholesterol, high- and low-density lipoprotein (HDL, LDL) cholesterol, total homocysteine,
white blood count (WBC), and high-sensitivity C-reactive protein (hsCRP). Categorical
variables included sex, race-ethnicity (Hispanic, non-Hispanic white, and non-Hispanic black),
smoking (history and current), hypertension, diabetes mellitus, coronary artery disease (CAD),
socio-economic status (SES), depression, and physical activity. Information about risk factors
was collected through interviews by trained research assistants, and physical examinations
were performed by study physicians. BP was measured with mercury sphygmomanometers
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and cuffs of appropriate size. Hypertension was defined as a BP recording >140/90 mmHg
(based on an average of 2 BP measurements during 1 sitting by a trained research assistant),
the patient’s self-report of a history of hypertension, or antihypertensive medication use.
Diabetes mellitus was defined by the patient’s self-report of such a history, use of insulin or
hypoglycemic agent, or fasting glucose > 126mg/dL. CAD was defined as having a history of
bypass surgery, angioplasty, or myocardial infarction. Education level was used as the indicator
of SES and classified in four categories; less than high school, completed high school, some
collage, and college graduate or more. 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 2000 US census, and
they conformed to the standard definitions outlined by Directive 15. Current smoking was
defined by smoking within the past year.

Echocardiographic evaluation of aortic valve thickness

Transthoracic 2-dimensional echocardiography (TTE) was performed in all study subjects
according to the recommendations of the American Society of Echocardiography 16.
Interpretation of echocardiographic studies was performed blinded to clinical and demographic
characteristics. Interobserver reliability was periodically assessed by use of intraclass
correlation coefficients for the variables measured, which ranged between 0.59 and 0.74.
Intraobserver reliability was measured by the Kappa statistic based on two repeated reading of
AV thickness for 23 subjects. The Kappa statistic was 0.94 with 95% confidence interval
0.82-1.00. Assessment of the AV was performed on the basis of the parasternal long-axis,
apical 5- or 3-chamber, or parasternal short-axis views. AV thickness was defined as focal
areas of increased echogenicity and thickening of the AV leaflets without restriction of leaflet
motion. AV thickness was qualitatively classified into four categories, accounting for
thickening and calcification of each valve leaflet, by a single reader: normal, mild, moderate,
and severe. Due to there being only few participants with severe AV thickness, moderate and
severe categories were combined for the purposes of this analysis.

For validation of the three categories of AV thickness, a separate blinded reader measured the
maximum dimension of the AV leaflet in sample images in 20 subjects for each category on
the basis of the parasternal short-axis view. There were clear differences in measurement of
valve thickness among the three categories using ANOVA (F=83.7, p<0.0001). In Wilcoxon’s
rank sum test for pairwise comparison, p-values were all <0.0001 among the three categories.

Statistical analyses

Results

The distribution of demographics and vascular risk factors was evaluated in the total cohort
and among the three categories of AV thickness. Means were calculated for continuous
variables and proportions for categorical variables. Comparisons were made using t tests for
continuous variables and chi-square tests for categorical variables. Univariate and multivariate
polytomous logistic regression models were used to analyze the association between clinical
risk factors for atherosclerosis and AV thickness. The reference group for the presented
analyses is normal valves, and odds ratios and 95% confidence intervals (OR, 95% CI) are
presented for mild and moderate/severe categories. Significant univariate predictors (p <0.05)
were selected as covariates for multivariate analyses. Statistical analyses were conducted with
SAS version 9.1 (SAS Institute, Cary, NC).

The cohort was predominantly elderly (mean age 68.2 + 9.7 years), female (60%), and
hypertensive (68%). The majority of the subjects were Hispanic (57%), followed by non-
Hispanic blacks (22%) and non-Hispanic whites (21%). Other characteristics of the cohort are
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shown in Table 1. Of 2085 subjects, 1047(50.1%) had any grade of AV thickness. Mild AV
thickness was present in 44.4% and moderate/severe thickness in only 5.7% of the cohort.
Subjects with any AV thickness were significantly older than subjects with normal aortic valves
(p<0.0001), and there was a higher prevalence of hypertension and CAD with increasing AV
thickness (p<0.0001). Demographic characteristics were compared between those present our
study population to those excluded from our study. Smoking, hypertension, diabetes, and CAD
which were important risk factors of atherosclerosis did not differ between present population
and excluded population (all p>0.07). Levels of HDL were of borderline statistical significance
lower in our study population compared to those excluded (p=0.05).

There were significant race-ethnic differences in the degree of AV thickness (p<0.0001). Non-
Hispanic whites had the highest prevalence of any AV thickness (58.7%), followed by non-
Hispanic blacks (49.5%) and Hispanics (47.3%). Figure 1 shows prevalence of grade of AV
thickness among race-ethnic groups. Non-Hispanic whites had the highest prevalence of
moderate/severe AV thickness (11.1%), and Hispanics had the lowest (3.1%). Hispanics were
younger (p<0.0001) and had lower levels of HDL (p<0.0001) and CAD prevalence but higher
prevalences of hypertension and diabetes than non-Hispanic whites. LDL, total cholesterol,
hsCRP, homocysteine, and baseline creatinine did not differ between Hispanics and non-
Hispanic whites (Table 2).

The results of univariate and multivariate polytomous logistic regression models are shown
Table 3. In our univariate logistic analysis, age, hypertension, and CAD were positively
associated with both mild and moderate/severe AV thickness, whereas Hispanics and non-
Hispanic blacks had significantly less mild and moderate/severe AV thickness than non-
Hispanic whites. HDL was related to mild thickness but not moderate/severe AV thickness. In
contrast, blood glucose was not related to mild thickness but was significantly associated with
moderate/severe AV thickness.

In multivariable logistic regression models adjusting for age, sex, race-ethnicity, BMI,
hypertension, CAD, blood glucose, and HDL, only age, Hispanic race-ethnicity, sex, and
hypertension status remained independently associated with severity of AV thickness.
Compared with non-Hispanic whites, Hispanics were 57% less likely to have moderate/severe
AV thickness; non-Hispanic blacks showed no significant association with AV thickness. Men,
meanwhile, tended to have almost 2-fold greater odds of moderate/severe AV thickness than
women. In separate models including adjustments for SES, depression and physical activity,
Hispanic still had less moderate/severe AV thickness (Table 4).

Discussion

In this elderly multi-ethnic population-based cohort, we found that the prevalence of AV
thickness differed among race-ethnic groups. In particular, Hispanics had less moderate/severe
AV thickness after adjustment for atheroscleraotic risk factors. The present study is the first to
demonstrate race-ethnic differences in the prevalence and grade of AV thickness in a multi-
ethnic cohort inclusive of Hispanics. The influence of ethnicity has not been adequately
examined in patients with calcific AV disease. While previous studies have identified clinical
factors associated with aortic sclerosis and stenosis, few studies have explored ethnic
differences 14. The Cardiovascular Health Study, a biracial cohort (n=5621) not inclusive of
Hispanics, examined risk factors for incident calcific AV disease and progression from AV
sclerosis to stenosis and found non-Hispanic blacks had a lower risk of AV disease progression
compared with non-Hispanic whites.

Some studies have shown that Hispanics have less mitral annular calcification (MAC) and
coronary artery calcification (CAC) than non-Hispanic whites even though Hispanics had a
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worse atherosclerotic profile 10-12: 17: 18. The finding that Hispanics generally have a worse
cardiovascular profile but less cardiovascular risk is called the ‘Hispanic paradox’ 19 20, The
Hispanic paradox remains controversial 21 22 but seems to be supported by our results.
Analogous to our results with AV thickness, the Multi-Ethnic Study of Atherosclerosis recently
found Hispanics had lower prevalence of CAC than non-Hispanic whites, and the relative risk
for having CAC was the lowest in Hispanics after adjustment for clinical factors 10. Another
study showed significantly lower percentage of severe CAC scores among Hispanics than non-
Hispanic white men although Hispanic subjects had worse cardiovascular risk factor profile
than white menl’. Although these studies seem consistent with the Hispanic paradox, it is
important to note that cardiovascular events were not assessed in any of these analyses,
including ours, so itis unknown if the described lower risk of MAC, CAC, and AV calcification/
thickness among Hispanics actually translates to less cardiovascular events and less
cardiovascular risk. The clinical relevance of these findings remains unknown and needs to be
further studied. Ethnic differences have also been found in carotid artery wall thickness, another
subclinical cardiovascular disease marker. In one study, Hispanic participants had less common
carotid artery intima-media thickness, which together with our data, suggests a common
mechanism of less systemic atherosclerosis among Hispanics 23,

We found that although traditional atherosclerotic risk factors were associated with AV
thickness, these variables did not explain the ethnic variability in the presence or degree of AV
thickness. This suggests that differences in AV thickness based on leaflet thickening and
calcification do not purely reflect differences in atherosclerosis. First, calcified plaque
represents only a small proportion of total plaque burden 24. Second, it has been suggested that
vitamin D metabolism explains some but not all of the difference in coronary artery
calcification between non-Hispanic whites and non-Hispanic blacks 2°. Many factors have
been proposed to explain calcific AV disease, and there is accumulating evidence that other
aspects of calcium metabolism or bone regulatory factors, inflammatory markers, endothelial
function, or genetic factors are related to calcific AV disease. Some genes have been reported
to be associated with calcific AV disease, and gene-environment interaction may play a role
26, Metabolic and signaling pathways in the endothelium and the subendothelial space, such
as nitric oxide and the renin-angiotensin system, and cellular processes like calcification,
inflammation, remodeling, lipid deposition, and osteoblast differentiation, lead to the final
manifestations of atherosclerotic disease 4 26: 27, Lastly, non-traditional factors important in
ethnic populations may influence calcific AV disease, as a recent study showed an independent
association between acculturation and socioeconomic factors with CAC 28,

Unexpectedly hsCRP, a sensitive marker of systemic inflammation, was not associated with
AV thickness in our study. A recent large cohort study also showed hsCRP was not associated
with either the presence or progression of calcific AV disease 1 although hsCRP levels are
elevated in aortic stenosis patients with severe disease awaiting surgery 2°. Thus, hsCRP may
not be strongly predictor of subclinical calcific AV disease.

Tissue calcification and differences in bone mineral density may play a role in race-ethnic
differences of calcific AV disease. Bone density tends to be greater and osteoporosis less
common in non-Hispanic blacks than in non-Hispanic whites 30, and bone density is inversely
related to vascular calcification 3. Further study will serve as a basis for exploration of other
factors, including environmental, behavioral, and genetic factors, to determine causes of
calcific AV disease and to explain the observed group difference in calcific AV disease.

Important strengths of this study are its large sample size, population-based design, systemic
review of echocardiographic studies and the presence of a tri-ethnic sample. Several limitations
also exist. First, Hispanics in NOMAS are mostly Caribbean-Hispanics and represent one sub-
fraction of all Hispanics. Even though all Hispanics have a common language, they have
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different ancestral origins, cultures, diets, and SES all of which may contribute to differences
in cardiovascular risk. Second, AV thickness defined by TTE may be overestimated. The
prevalence of AV thickness in our study is higher (50%) than previously reported for AV
sclerosis and stenosis (31% to 36%) 2' 14 15. We graded AV thickness in three categories
accounting for thickening and calcification, and we did not require the presence of aortic
sclerosis; AV thickness in our study may thus include earlier stages of aortic sclerosis which
in other studies would be categorized into normal. However, this potential for measurement
bias would be non-differential misclassification among all race-ethnic groups and would result
in underestimation of the race-ethnic differences described. Third, we did not collect
continuous wave Doppler velocity data. Peak and mean AV velocity is necessary to determine
aortic stenosis severity so we are unable to provide this assessment. We did not collect data
documenting valve morphology (tricuspid versus bicuspid). While we realize that bicuspid AV
is a genetic condition and could potentially vary in different race-ethnic groups, our cohort was
predominantly elderly and it may be particularly difficult to distinguish the presence or absence
of bicuspid aortic valve in cases of advanced AV calcific disease. Lastly, this is a cross-sectional
study; therefore, the causal inference of these findings cannot be established.

Conclusion

In this large multi-ethnic population-based cohort, we report on ethnic and sex differences in
degree of AV thickness. Hispanic ethnicity was strongly protective against increased AV
thickness. This effect was not related to traditional vascular risk factors, suggesting that an
unmeasured factor related to Hispanic ethnicity and AV thickness may be responsible. The
Hispanic population, despite being the largest minority ethnic group in the US, is grossly
understudied in terms of cardiovascular risk. More research is warranted to explore the link
between calcific AV disease, atherosclerosis and vascular events among Hispanics.
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Figure 1.

Prevalence of grade of AV thickness among race-ethnic groups.

There were significant race-ethnic differences in the degree of AV thickness among three ethnic
groups (p<0.0001).
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