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Abstract
Objective

Studies assessing the risk of developing CVD between different racial groups in
the United States have reached varying conclusions. The purpose of this study
was to identify risk for CVD using the Framingham Risk Score (FRS) between
racial/ethnic groups. A secondary aim of this study was to compare risk for CVD

based on SES status/poverty ratio.
Methods

A cross-sectional data analysis was conducted using the 2015-2020 NHANES
datasets using individuals aged 18 to 79 years. Sample weights were assigned by
NHANES researchers to each participant allowing researchers to generalize

results to all non-institutionalized US civilians.
Results

Mexican Americans (MA) had the lowest average FRS and significantly lower
CVD risk than all other racial groups, except NH Asian. NH Asians had the
second lowest FRS and significantly lower risk than NH Blacks and NH Whites,
but their risk was similar to other Hispanic or the other/multi-racial groups. NH
Blacks showed no significant difference in FRS compared to NH Whites, other
Hispanic, and other/multi-racial groups. NH Whites were not statistically
different from other Hispanic or other/multi-racial groups. Other Hispanic and
multi-racial groups did not exhibit statistically significant differences. Overall,
Mexican Americans had the lowest FRS whereas NH Whites had the highest.

Conclusions

NH whites demonstrated the highest CVD risk according to FRS, as the oldest
racial/ethnic group in the cohort. SES did not consistently predict FRS differences
between racial/ethnic groups. These findings suggest a need to further explore

FRS as a means of identifying individuals who are at high risk of developing
CVD.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death globally "* with nearly half (48.6%) of
adults in the US over 20 years of age having cardiovascular disease '. While the prevalence of CVD in
the United States has declined in last 4 decades, there has been an increase in the number of CVD
deaths per year over a ten year span (2010-2020) . An overall decrease in prevalence would
intuitively be assumed with a concomitant decrease in death from CVD. Yet, there has been an
increase in mortality from CVD with the increase in deaths in the US in'recent years somewhat
explained by disparities in age-adjusted Heart Disease (HD) death rates that have persisted among

major racial and ethnic groups in the United States ',

The prevalence of CVD is associated with a variety of risk factors, including smoking, physical
inactivity, arterial hypertension, and obesity "*°. While medical risks factors are commonly attributed
as the primary drivers of CVD, it is important to acknowledge the less discrete social determinants of
health, notably race and ethnicity, which have also been reported to be significant predictors of CVD
risk *’. However, research regarding the relationship between race and ethnicity and the prevalence of
CVD has reported mixed evidence-based outcomes in previous studies **°. Although differences in the
prevalence of CVD risk factors among various racial and ethnic groups have been widely studied, an

unequivocal conclusion of the empirical differences between racial groups has not been established **°.

The Framingham Risk Score (FRS) is a widely used tool for estimating the risk of developing CVD.
The FRS considers several risk factors such as age, gender, blood pressure, smoking status, and
cholesterol levels. The FRS was developed based on data collected from the Framingham Heart Study.
Several studies have evaluated the accuracy of the FRS in predicting the risk of developing CVD. A
meta-analysis of 26 studies reported that the FRS was moderately accurate in predicting the risk of
CVD °. The accuracy of the FRS was found to be highest in populations where it was originally
developed, such as Caucasians in the United States. The FRS was less accurate in predicting the risk of

CVD in other populations, such as Asians and Africans®.

In a study analyzing the 10-year risk of CVD in Black and White individuals, Black individuals with
similar risk profiles, analyzed by FRS, were more likely to be associated with CVD versus their White
counterparts °. Both Black men and women had greater risk associated with 10-year cardiovascular
disease compared to White men and women with identical risk profiles *. A similar study using FRS to
determine risk of CVD events in various racial and ethnic groups found that FRS factors for CVD
events were consistent among race/ethnic groups °. Nevertheless, the strength of the correlations

between different risk factors and CVD events varied significantly across the race/ethnic groups.

Additionally, the differences in correlations between CVD in different ethnic groups may be in relation
to Socio Economic Status (SES). Factors that influence SES have been deemed notable indicators of
CVD risk ', Socioeconomic factors such as low education level and low household income have
been consistently associated with higher CVD risk '*'. Evaluation of an individual’s Framingham
Risk Score has long been a reliable and standard method of analyzing the susceptibility of presenting

with CVD and continues to be used as a measurement of the risk of developing heart disease '*"°.

Within various racial and ethnic groups, studies of the relationship between SES, CVD risk, and FRS,
specifically, have not been widely evaluated. Studies that have investigated the relationship between
race and ethnicity, FRS, and SES have reached varying conclusions ***'. Because study outcomes
regarding the overall prevalence of risk factors for CVD in various racial and ethnic groups have

inconclusive findings, our study evaluated these differences in racial groups as identified by US Census
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racial categories and their FRS while controlling for a common psychosocial influence of socio
economic status. Therefore, the major objective of this study was to explore the consistency of the
FRS in identifying risk for CVD between racial/ethnic groups. A secondary objective of this study

was to compare risk for CVD based on SES status.

Materials and Methods

Data for the present study were acquired from the United States (US) Centers for Disease Control and
Prevention (CDC) website 2 as part of the 2015-2016 and 2017-2020 National Health and Nutrition
Examination Survey (NHANES) cycles. Data from the two NHANES cycles utilized were gathered
prior to the COVID-19 pandemic. This study was determined to be exempt from IRB review by the
sponsoring university due to the nature of the secondary data analysis (IRB ID# 1505514-1).

Study Sample
NHANES data are collected using a complex, four-stage, probability sampling design in which the US

is divided into counties (stage 1), counties are divided into census blocks (stage 2), households are
identified within census blocks (stage 3), and individuals from each household are chosen for the study
(stage 4). This sampling design selects individuals so that the sample is representative of civilian,
non-institutionalized US citizens. Oversampling of minorities and sub-groups is done to increase the
reliability and precision of the sample taken. Unique sample weights are assigned to all subjects in the
dataset so that the known probability of selection, non-responders, and variations in the sample are
accounted for, ensuring that the sample is representative of the greater US population. This involves
weighting certain characteristics such a race/ethnicity, age etc. to ensure the sample is a representation
of a larger population making sure that more inferences can be made from the sample. This weighting
technique allows for a convenience sample to be more representative of a larger population, in this
instance, a larger US population. Using this technique, a single individual is representative of a larger

group of individuals, and therefore data can be extrapolated to the entire US population.

The original study sample included 25,531 individuals. Subjects were not included in the analysis if
they participated in dialysis treatment in the 12 months prior to the study (n=59), were pregnant at the
time of the study (n=157), were younger than 18 or older than 79 (n=10,896), were missing all
information pertinent to their cardiometabolic profile (n=2,632), were missing information pertinent to
their socioeconomic status (SES, n=1,342), and/or if they were missing information for sample
weighting or were not included in the fasting subsample (n= 5,624). This resulted in a final sample size
of 4,821 individuals who were representative of 198,781,963 Americans when utilizing survey sample
weights. The survey sample weights used were appropriate for the subsample of individuals who were
reportedly fasting during the laboratory procedures. The two survey cycles were appropriately
weighted for their relative contributions according to the NHANES analytical guidelines; two years’
data were attributable to the 2015-2016 sample and 3.2 years’ data were attributable to the 2017-2020

sample.
Demographics and Variables

The analytic guidelines and procedure documents for each examination, questionnaire, and/or
laboratory test can be found on the CDC website **. Race/ethnicity was self-reported by study partici-
pants in the following categories: Mexican American, other Hispanic, Non-Hispanic (NH) White, NH
black, NH Asian, and other NH races/ethnicities including other/multi-racial. Those who self-reported

as Mexican American were coded as such irrespective of other race/ethnicities. Those who
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self-reported as Hispanic but not Mexican American were coded as “other Hispanic”. SES was reported
as a ratio of family income to poverty level. Each family’s annual income was divided by the annual
poverty level set by the Department of Health and Human Services (HHS). Values ranged from 0 to
5.00 and all values above 5.00 were coded as 5.00 for deidentification purposes. For example, if the
poverty level for a given year was $20,000, and a study participant reported that their family income
was $60,000 that year, their poverty ratio would be 3.0. If they made $20,000, it would be 1.0, and if
they made $100,000, it would be 5.0. The 10-year Framingham risk score (FRS) was calculated using

124

the coefficients published in the 2008 paper by D’Agostino et al ** and the following equations were

found at www.framinghamheartstudy.org *:
Female: 1-0.950] 26Xk ~26.1931)
Male: 1-0.88936P(-AX ~23.9502)

where B is the regression coefficient and X is the level for each risk factor. Caloric intake was averaged
over two days’ time using the Continuing Survey of Food Intakes by Individuals (CSFII). The CSFII is
a nationwide survey conducted by USDA’s Agricultural Research Service. Renal function was
calculated by the CKD-EPI equation *°. Regular physical activity (PA) was defined as 75 minutes per
week of vigorous-intensity PA, 150 minutes per week of moderate-intensity PA, or an equivalent
combination of both 2”**. Subjects were considered smokers if they reported smoking more than 100
cigarettes in their entire life, if they reported tobacco use within the 5 days prior to the study, or if they
used cigarettes “every day” or “some days”. Prescription medications for hypertension and diabetes
were determined using the International Classification of Diseases, Tenth revision (ICD-10) codes.
Medications for hypertension included any medication used to treat hypertension (codes 110 and 110.P)
and medications for diabetes included any medication used to treat hyperglycemia (codes R73, E11,
E11.2, E11.2P, E11.4, and E11.P). Diabetes was defined using the American Diabetes Association
(ADA) criteria for fasting glucose * 126 mg/dL. Additionally, participants who were taking a
prescription drug for hyperglycemia were defined as diabetic. Metabolic syndrome (MetS) was defined
using the 2009 harmonized definition by Alberti et al .

Statistical Analyses

The normality of the data was tested using measures of skewness/kurtosis, histograms, P-P plots, and Q
-Q plots. Unweighted data were reported as mean and standard deviation (SD) in the case of continuous
variables or as frequency and percentage (%) of the total for categorical variables. Weighted data were
reported as mean and standard error (SE) in the case of continuous variables or as %, SE in the case of
categorical variables. Variables with large amounts of missingness were reported in the footnote of
Table 1. Survey sample weights were utilized for comparisons between racial/ethnic groups and for all
statistical analyses. A “domain” statement, rather than listwise deletion, was used in statistical analyses
to incorporate individuals who met the inclusion criteria and to ensure the accuracy of standard error
values and the number of elements in the sample. Differences in values between race/ethnicity were
tested using Rao-Scott and/or Pearson’s chi square (y°) tests for categorical variables and weighted
logistic regression was used in post-hoc testing to make race-to-race comparisons. Continuous
variables were tested for differences between racial/ethnic groups using weighted analysis of variance
(ANOVA) with post-hoc testing for pairwise comparisons using least squares means. Analysis of
covariance (ANCOVA) was investigated by researchers for the main analysis, but the assumptions for
the independence of the covariate and treatment effect as well as the homogeneity of regression slopes

were violated. All statistical tests were considered significant at the o < 0.05 level. Additionally, all
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Table 1. The unweighted total included the total sample (n=4,821) where continuous variables are reported as mean (SD) and
categorical variables are reported as n (%). The weighted total utilizes complex survey sample weighting such that the sample is
representative of 198,781,963 US citizens. Continuous variables are reported as mean (SE) and categorical variables are
represented as % (SE). ANOVA was conducted for differences between continuous variables for each race and chi square tests
were conducted for differences between categorical variables. There is 50% missingness in PA variable and 4.4% missingness in
caloric intake. Abbreviations: HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; BMI, body
mass index; CKDEPI eGFR, Chronic Kidney Disease Epidemiology Collaboration- estimated glomerular filtration rate;
HS-CRP, high-sensitivity C-reactive protein; PA, physical activity.
Race, % (SE)
Un- Weighte Mexi-
weighted | d Total NH can ther NH NI_.I 0““".”
. . Hispan- | Black | Asian Multi-
Total (n White Ameri- | . o . p-value
_ h o ic (10.84 | (5.37% | Racial
(n= =198,781 | (64.22%) | can (6.52%) | %) ) (4.35%)
4,821) ,963) (8.70%) ’ ’
Age (vears) 4732 45.92 47.81 39.13 43.69 43.58 44.35 42.79 <0001
gely (16.85) (0.53) (0.73) (1.17) | 0.95) | (0.58) | (0.78) | (1.50) .
2377 49.60 4991 53.87 47.38 44.51 49.60 52.56
Male Sex @931) | 090 | (131 (184) | @50 |40 | (178) | (423 0.0366
. 2.55 3.07 3.44 2.00 2.36 2.30 3.32
Poverty Ratio (1.63) 0.06) | (0.06) ©.11) | (0.10) |©09) |14 |231(018) <0001
Framingham Risk | 10.62 8.92 9.41 6.64 8.25 8.86 7.56
Score 1277y | ©30) | (0.40) 055 | (059 |©47) |35 |205(1.02) 10.0002
Total Cholesterol 185.84 187.37 188.78 183.19 185.54 181.34 | 190.55 | 188.78 0.015
(mg/dL) (41.53) (1.09) (1.44) (1.92) (2.66) (1.92) | (2.34) (2.95) ’
53.75 54.30 54.94 49.81 51.89 56.56 55.71 50.12
HDL (mg/dL) (16.14) | (0.44) | (0.56) 079 | 073) |©59 |©086) | (0.99 <0001
110.45 111.06 111.32 109.32 111.59 108.29 | 112.64 | 114.91
LDL (mg/dL) (35.90) | (0.88) | (1.20) 74 | @00y |79 | @190 |@71) 0.201
Systolic Blood 122.98 120.97 120.61 119.40 120.22 125.67 | 119.79 | 120.36 <0001
Pressure (mmHg) | (17.77) (0.33) (0.44) (0.80) (0.93) (0.98) | (0.74) (1.64) ’
Diastolic Blood 72.42 72.26 72.06 71.21 70.83 74.64 72.81 72.95 <0001
Pressure (mmHg) | (11.89) (0.27) (0.34) (0.55) (0.98) (0.59) | (0.53) (0.85) )
Fasting Glucose 112.61 109.15 108.35 114.01 110.50 109.21 | 107.66 | 110.93 0.0804
(mg/dL) (38.64) (0.68) (1.03) (1.72) (1.43) (0.96) | (1.23) (2.47) :
2 29.77 29.64 29.58 30.65 29.78 31.09 25.30 30.14
BMI (kg/m’) (7.43) (0.17) (0.23) (0.26) (0.38) (0.36) | (0.25) (0.67) <0001
Waist Circumfer- | 100.21 100.29 101.18 100.71 98.67 100.85 | 88.78 101.64 <0001
ence (cm) (17.49) (0.46) (0.60) (0.58) (0.98) (0.68) | (0.59) (1.50) ’
Caloric intake 2050 2210 1949 2051 1921
(Kcal/day) (850) 2099 (16) | 2119 (20) (48) (35) (40) (40) 2112 (74) <.0001
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Triglycerides (mg/ | 110.07 111.26 112.87 123.15 117.12 82.80 114.38 | 121.88 <0001
dL) (94.10) (1.93) (2.53) (5.17) (7.65) (2.53) (3.98) (7.06) :
CKDEPI eGFR 98.23 97.60 93.75 109.92 102.11 105.69 | 102.72 | 96.50 <0001
(ml/min/1.73m?) (22.08) (0.66) (0.76) (1.53) (1.0D) (0.78) (0.89) (1.87) :
4.12 3.82 3.70 4.00 4.49 4.84 1.98
HS-CRP (mg/L) | ¢ o1y 0.15) | (0.20) 035) | (042) |(©030) | .15 | 39204 | <0001
Physical Activity 1688 70.13 68.46 77.52 73.88 73.11 66.86 76.28 0.0525
(meets req.)* (69.90) (1.36) (1.90) (2.70) (4.16) (1.91) (3.36) (5.35) ’
921 17.39 16.38 15.57 15.31 22.88 9.38 35.22
Current Smoker | 1910y | (0.90) | (120) | (1.65) | (1.81) | (1.48) | (133) | (4.30) <0001
Hypertension 1274 22.55 23.52 12.54 17.29 28.55 19.43 25.09 <0001
Prescription (26.43) (1.14) (1.64) (1.56) (1.84) (1.64) (1.93) (3.90) :
Diabetic 892 14.22 13.57 16.34 14.70 16.99 12.96 13.53 0231
(18.50) (0.72) (1.05) (2.01) (1.68) (1.04) (1.38) (2.39) )
Metabolic 2148 42.53 44.07 40.15 38.15 37.18 40.55 46.83 0.0285
Syndrome (45.54) (1.28) (1.85) (2.18) (2.36) (1.87) (2.76) (4.32) :
Table 2. FRS scores comparisons by race/ethnicity among research participants.
Race FRS SE DF t Value Pr>|t|
Mexican American 6.6362 0.5511 40 12.04 <.0001
NH Asian 7.5615 0.346 40 21.85 <.0001
NH Black 8.8572 0.4716 40 18.78 <.0001
NH White 9.4091 0.3969 40 23.7 <.0001
Other Hispanic 8.2547 0.5874 40 14.05 <.0001
Other/Multi-Racial 9.0525 1.0232 40 8.85 <.0001
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analyses utilized survey sample weighting unless otherwise noted. Statistical analyses were conducted
in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

After all inclusion and exclusion criteria were considered, the sample size consisted of 4,821
non-institutionalized US citizens who were representative of 198,781,963 US adults (Table 1). The
weighted sample was 49.6% male, and the mean age of the sample was 45.92 years. The average
income (poverty ratio) was 3.07 times the poverty level for the years included, and the mean
Framingham 10-year cardiovascular disease risk score was 8.92%. LDL-cholesterol, fasting blood
glucose, and systolic blood pressures were high in the sample (111.06 mg/dL, 109.15 mg/dL, and
120.97 mmHg, respectively), while HDL, total cholesterol, triglycerides, and diastolic blood pressures
were normal (54.30 mg/dL, 187.37 mg/dL, 111.26 mg/dL, and 72.26 mmHg). The average body mass
index was classified as overweight (29.64 kg/m?) and high-sensitivity C-reactive protein was slightly
elevated (3.82 mg/L). Nearly half of the sample had metabolic syndrome (42.53%), one quarter were
on medication for high blood pressure (22.55%), and 17.39% reported smoking.

Analyses by race/ethnicity were completed to compare the demographic variables. All races/ethnicities
had statistically equivalent LDL-cholesterol, fasting blood glucose levels, and reported similar levels of
physical activity. Additionally, all races/ethnicities were equivalent in frequency of diabetes. All other

demographic variables indicated a significant difference by race/ethnicity.

In the main analysis of variance (ANOVA) tests, FRS and SES were compared by race/ethnicity among
4,821 subjects, who were representative of 198,781,963 Americans. The model R? was 0.0059 (Root
MSE=11.15, DF=40) and FRS was found to be significantly different between races/ethnicities (DF=5,
F=6.44, p=0.0002). Mexican Americans had the lowest FRS on average (Table 2) and post-hoc testing
revealed that Mexican Americans had a significantly lower FRS compared to all other racial/ethnic
groups except NH Asian (Table 3 and Figure 1). NH Asians had the second lowest FRS and had
significantly lower risk than NH Blacks and NH Whites, but their FRS was not statistically different
from other Hispanic or the other/multi-racial groups. NH Blacks were found to be statistically
equivalent to NH White, other Hispanic, and other/multi-racial/ethnic groups in FRS. NH Whites were
not statistically different from other Hispanic or other/multi-racial/ethnic groups. Lastly, other Hispanic
and multi-racial/ethnic were not found to be statistically different. Overall, Mexican Americans had the
lowest FRS whereas NH Whites had the highest.

The poverty ratio was also compared among the 6 race categories using the same sample as above. The
poverty ratio was statistically different between races (DF=5, F=65.22, <0.0001). NH Asians and NH
Whites had the highest poverty ratio, and the ANOVA (R?=0.112, Root MSE=1.556, DF=40) revealed
that the poverty ratio was statistically equivalent between NH Asians and NH Whites. The poverty ratio
was lower in NH Black, other Hispanic, and other/multi-racial/ethnic groups, and these three groups
were not statistically different from one another. Mexican Americans were found to have the lowest
poverty ratio and had a significantly lower SES compared to all other races/ethnicities. In additional
post-hoc testing, we analyzed each component of the FRS calculation and whether it differed by race/
ethnicity (Table 4).

This finding was further supported by a regression analysis including FRS as the dependent variable
poverty ratio as independent variables. The p-value was insignificant (p=0.2029) and only 0.03% of the

variance in FRS could be explained by the poverty ratio,
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Table 3. Post hoc comparisons in FRS differences between race/ethnicity among research participants. Bold font
is used to identify statistically significant differences between racial/ethnic groups.

Race Comparison Race Estimate Standard Error | DF | t Value | Pr>|[t|
Mexican American NH Asian -0.9253 0.6053 40 | -1.53 0.1343
Mexican American NH Black -2.221 0.6636 40 | -3.35 0.0018
Mexican American NH White -2.7729 0.6418 40 | -4.32 0.0001
Mexican American Other Hispanic -1.6186 0.7381 40 | -2.19 0.0342
Mexican American Other/Multi-Racial -2.4163 1.0657 40 | -2.27 0.0289
NH Asian NH Black -1.2957 0.4605 40 | -2.81 0.0076
NH Asian NH White -1.8477 0.4742 40 | -39 0.0004
NH Asian Other Hispanic -0.6933 0.6518 40 | -1.06 0.2938
NH Asian Other/Multi-Racial -1.491 0.9974 40 | -1.49 0.1428
NH Black NH White -0.552 0.5457 40 | -1.01 0.3179
NH Black Other Hispanic 0.6024 0.6843 40 | 0.88 0.384
NH Black Other/Multi-Racial -0.1953 1.0511 40 | -0.19 0.8535
NH White Other Hispanic 1.1544 0.7663 40 | 1.51 0.1398
NH White Other/Multi-Racial 0.3566 1.0827 40 |0.33 0.7436
Other Hispanic Other/Multi-Racial -0.7977 1.1173 40 | -0.71 0.4794

FRS Comparisons for race

10

NH White

ther/Multi-Racial

NH Black

ther Hisganic

NH Asian

7
Mexican American
6
Mexican Amencan NH Asian  Other Hispanic )
NH Black Other/Multi-Racial
NH White
6 7 8 9 10
Differences for alpha=0.05
Not significant Significant

Figure 1. Visual representation of post-hoc testing- FRS comparisons

for race.

©2024 Ashley Farokhrouz, et al. This is an open access article distributed under the terms of the

Creative Commons Attribution License, which permits unrestricted use, distribution, and build Vol 3 Issue 3 Pg. no. 24

upon your work non-commerecially.


http://www.openaccesspub.org/

s
Journal of Preventive Medicine and Care (jpen

Table 4. Association between FRS scores and race, adjusted for poverty ratio and education (multiple regression)
Predictor Variable Coefficient St. Error t-value Pr(>|t])
Intercept 20.9354 0.765 27.675 <2e-16
Race -0.4413 0.1438 -3.070 0.00215
Education -2.1895 0.2159 -10.143 <2e-16
Poverty Ratio 0.4130 0.1609 2.567 0.01030

A multiple regression analysis was conducted to analyze the effects of poverty ratio and education on
the FRS differences among the 6 different races and is reported in Table 4. The p-value (>0.001)
suggests overall model significance. Only about 2.55 % of the variance in FRS scores between the
races can be explained by race and education levels (adjusted R2= 0.02549). Although the FRS
difference between the races changed from 0.000181 to 0.00215, it was still statistically significant.
The independent p-values for the effect of FRS difference due to poverty ratio was 0.0103 and that due

to the education level was less than 0.0001.

A Rao-Scott chi squared test indicated a significant difference between sexes by race (x’=11.87, DF=5,
p=0.0366). The logistic regression analysis used for post-hoc testing (with NH Whites as the reference
group) indicated that there were a significantly greater number of females than males in the NH Black
group (OR=1.24, 95%CI=1.07, 1.44, p=0.0045) as compared to the reference group, NH white. All

other races/ethnicities were not statistically different than whites in terms of sex distribution.

A Rao-Scott chi squared test indicated that there was a significant difference in smoking status
(x’=71.95, DF=5, p<0.0001) by race/ethnicity. NH Black and other/multi racial/ethnic groups were
more likely to smoke (OR=1.51, 95%CI=1.20, 1.92, p=0.001 and OR=2.78, 95%CI=1.84, 4.19,
p<0.0001, respectively) compared to the NH white reference group. NH Asians were less likely to
smoke (OR=0.53, 95%CI=0.37, 0.75, p=0.0007) compared to the reference group. Mexican and other

Hispanic were not statistically different than NH whites in terms of smoking status.

A Pearson’s chi-squared test indicated a significant overall difference (x*=37.94, DF=5, p<0.0001) in
those taking medication for hypertension. Logistic regression analysis indicated that Mexican
Americans and other Hispanics were less likely to be on an HTN med (OR=0.466, 95%CI=0.33, 0.66,
p<0.0001 and OR=0.68, 95%CI=0.50, 0.93, p=0.0156, respectively) compared to NH White. NH
Blacks were more likely to be on medications for HTN (OR=1.30, 95%CI=1.02, 1.66, p=0.0349)
compared to white, and NH Asian and other/multi-racial were not statistically different than NH White

in terms of HTN medication use.

A Pearson’s chi-square test was non-significant (y*=6.86, DF=5, p=0.231) for diabetes status among
the racial/ethnic groups. In logistic regression analysis, NH Black was significantly more likely to have
diabetes (OR=1.304, 95%CI=1.06, 1.60, p=0.0134) compared to referent group, NH white. No other

racial/ethnic groups were statistically different from the reference.

An ANOVA demonstrated that there was a significant effect of race/ethnic (p<.0001) when comparing

age in the 6 race/ethnic categories. Adults 18 to 79 years of age were included in the analysis. On aver-
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age, Mexican Americans were the youngest and NH Whites were oldest. Post-hoc testing demonstrated
that Mexican Americans were younger, on average, compared to NH Asians (t=-3.78, p=0.0005), NH
Blacks (t=-3.47, p=0.0013), NH Whites (t=-6.32, p<.0001), and other Hispanics (t=-3.43, p=0.0014).
NH Whites were older, on average, than all other races/ethnicities: Mexican Americans (t=-6.32,
p<.0001), NH Asians (t=-3.28, p=0.0021), NH Blacks (t=-4.67, p<.0001), other Hispanics (t=3.11,
p=0.0034), and other/multi-racial (t=3.54, p=0.001).

An ANOVA demonstrated that there was a significant effect of race/ethnicity (p=0.015) when
comparing total cholesterol in the 6 race categories. Overall, NH Blacks had the lowest total
cholesterol, followed by Mexican Americans. NH Asians had the highest total cholesterol, followed by
NH Whites and Other/Multi Racial. Post-hoc testing demonstrated that Mexican Americans had lower
total cholesterol than NH Asians (t=-2.46, p=0.0185) and NH Whites (t=-2.46, p=0.0185). NH Blacks
had significantly lower total cholesterol than NH Asians (t=2.86, p=0.0066), NH Whites (t=-3.35,
p=0.0018), and other/multi-Racial (t=-2.28, p=0.0283) groups.

An ANOVA demonstrated that there was a significant effect of race (p<.0001) when comparing HDL-
cholesterol among the 6 race/ethnicity categories. Overall, NH Blacks had the highest HDL followed
by NH Asians, whereas Mexican Americans had the lowest HDL, followed by Other/Multi Racial. Post
-hoc testing demonstrated that Mexican Americans had significantly lower HDL than NH Asians (t=-
6.61, p<.0001), NH Blacks (t=-6.43, p<.0001), and NH Whites (t=-5.33, p<.0001). The other/multi
racial/ethnic group had significantly lower HDL than NH Asians (t=4.56, p<.0001), NH Blacks
(t=6.34, p<.0001), and NH Whites (t=4.6, p<.0001). NH Blacks had significantly higher HDL than NH
Whites (t=2.2, p=0.0339), other Hispanics (t=5.36, p<.0001), and Other/Multi-Racial (t=6.34,
p<-0001). NH Asians had significantly higher HDL than Other Hispanics (t=3.48, p=0.0012), and NH
Whites had significantly higher HDL than Other Hispanics (t=3.39, p=0.0016). Mexican Americans,
Other Hispanics and Other/Multi-Racial were not significantly different from one another in terms of
HDL-cholesterol and NH Asians were found to be statistically similar to NH Blacks and NH Whites.

There was a significant difference in systolic blood pressure (SBP) by race (p<.0001). Overall, NH
Blacks had the highest SBP (125.67, SE=0.98 mmHg) and Mexican Americans had the lowest (119.4,
SE=0.80 mmHg) followed closely by NH Asians (119.79, SE=0.74 mmHg). Post hoc testing
demonstrated that NH Blacks had significantly higher SBP compared to all other races: Mexican
American (MA) (t=-4.67, p<.0001), NH Asian (t=-5.36, p<.0001), NH White (t=5.21, p<.0001, Other
Hispanic (t=4.76, p<.0001), and Other/Multi-Racial (t=2.83, p=0.0072). No other significant

relationships were found.

Discussion

Racial/ethnic differences in CVD have been previously published in the literature with many studies

using FRS as means to measure risk for disease. Previous studies have demonstrated equivocal

findings by comparing racial/ethnic differences in CVD using the FRS ***'.

Our study, using
NHANES data, discovered racial differences in a large cohort of participants in FRS outcomes. MA
had the lowest FRS, followed by NH Asians, while NH Blacks and NH Whites had the highest FRS,

3933 while not supporting others **. The FRS was originally

thus supporting some previous studies
developed based on a predominantly NH White population, which raises concern about its accuracy in
predicting cardiovascular disease risk for other racial/ethnic groups. Our study suggests that the FRS

may overestimate or underestimate risk for certain racial/ethnic groups.
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Age-Adjusted death rates from 2019 provided by the National Center for Health Statistics’* (NCHS),
listed in descending order with the highest death rate in NH Blacks, followed by NH Whites, Hispanic
and finally NH Asian. Though the rankings in FRS in our study and age-adjusted death rates by NCHS
were slightly different, both were similar in that the NCHS death rates were higher in the racial groups
with higher FRS scores (NH Blacks and NH Whites) and lower in groups with the lowest FRS scores
(MA and NH Asians).

In comparing racial/ethnic differences in FRS, there was a need to ascertain SES to discover if racial/
ethnic differences could be related to the poverty ratio. Our study findings report that the poverty ratio
was highest in NH Whites and NH Asians, with both of those groups having the highest (NH Whites)
and second lowest (NH Asians) FRS scores. The MA group had the lowest poverty ratio, but the
lowest FRS score. Previous literature *> has suggested that the poverty ratio can predict FRS, but it
should be noted in our study that the highest poverty ratio group had the greatest FRS, and the lowest
poverty ratio group had the lowest, and theoretically less CVD risk based on the lowest FRS. These
findings suggest that the poverty ratio may not be helpful in predicting differences in FRS between

racial/ethnic groups.

When comparing FRS between racial/ethnic groups, there were several counterintuitive findings from
our study. First, the highest FRS was in NH Whites. It should be noted that NH Whites were also the
oldest group of participants who averaged 47 years of age, suggesting that age may have played role in
the FRS differences. Also, the lowest FRS group was MA which were the youngest racial/ethnic group
in our study who averaged 39 years of age, supporting the possibility that age, which is unequivocal in
literature *, is a predictor of CVD and affected the outcomes of this study, considering that age is a part
of the FRS calculation.

Another consideration for the findings of lowest FRS in MA may be explained by what has been
termed the Hispanic Paradox or Hispanic Epidemiological Paradox. This paradox was first reported by
Markides and Eschbach and later by *” Markides and Coreil.*® The term Hispanic paradox was later
introduced in 2005 in the scientific literature®®. Most recently this paradox suggests that Hispanics in
the United States, though having higher poverty indexes than other racial counterparts, having lower
levels of CVD*. Reasons that have been offered include lower infant mortality rates®, immigrants

9942

returning to their country of origin to die, known as the “salmon effect”™ and cultural and lifestyle

. 4
differences

. Our study supports what is called the Hispanic paradox in that the lowest risk, when
using FRS, is associated with MA, even though they scored lowest on the poverty index in our study.
Finally, measurement bias* is another factor identified in the Hispanic paradox, and using the
NHANES database could have measurement bias, yet, the size of the database could help to reduce the

bias associated with self-reported data.

NH Blacks had both the highest HDL (a risk factor used in FRS calculations) and lowest total
cholesterol levels (also used in FRS risk calculations) between racial/ethnic groups. Normally elevated
HDL levels can be associated with decreased risk of CVD and can be partially responsible for a lower
FRS score when compared to NH Whites and other multiracial groups. Yet, there is emerging evidence
that dysfunctional HDL ***° may cause HDL to not participate in reverse cholesterol transport. This
dysfunction is associated with higher levels of total and LDL cholesterol; however, our study does not
provide support for these associations as the best cholesterol profile was discovered in NH Blacks, and
the highest risk based on cholesterol values, was in MA. Yet, the corresponding FRS scores suggested

the second highest FRS was in NH Blacks and the lowest FRS in MA, which are counterintuitive based
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on cholesterol values. Again, this may be due to differences in age between these groups as MA was
the youngest racial/ethnic group. Age combined with a hypothesis of HDL dysfunction, could suggest
that FRS may not be as predictive as previously reported. Though differences in cholesterol values
were statistically significant, the differences were not clinically significant between most racial/ethnic
groups.

4649

It should be noted that counter to previous studies systolic blood pressure was statistically

significantly higher (though not clinically different) in NH Blacks compared to all other racial/ethnic

groups. Previous literature has reported differences between racial/ethnic groups *°

with previous
studies suggesting the high risk in NH Blacks, followed by Hispanics, Asian and Caucasians >'. Our
study does not support these findings suggesting that systolic blood pressure did not contribute to the
FRS. Additionally, it is worth noting that the clinical differences between racial/ethnic groups were not

meaningful.

Finally, NH Blacks recorded the second highest smoking levels with other/multi-racial having the
highest compared to other racial/ethnic groups, which normally is associated with increased FRS *° but
is not supported by our findings. This increased risk based on smoking status, combined with the
lowest cholesterol levels in NH Blacks, makes for a challenging interpretation of FRS. It should be
noted that when comparing sex differences between racial/ethnic groups, NH Blacks had a higher

percentage of females when compared to other racial/ethnic groups.

Many of the counterintuitive findings, though not a focus of our study, may be due to shortcomings that
have been identified in the literature regarding FRS *°. FRS was developed based on data collected
from a predominantly Caucasian population in the United States. As a result, the accuracy of FRS in
predicting the risk of CVD in other populations may be limited 2. Second, the FRS does not consider
several risk factors that have since been identified as important in the development of CVD, such as
family history, diabetes, chronic kidney disease and obesity *°. Third, the FRS only predicts the risk of
developing CVD over a 10-year period and does not consider the lifetime risk of developing CVD *°.

Despite its limitations, the FRS has been widely used in clinical practice to assess a patient's risk of
developing CVD. The FRS can help clinicians identify patients who are at high risk of developing
CVD and can guide the implementation of interventions to reduce this risk *'. Interventions may
include lifestyle modifications such as dietary changes and exercise, as well as pharmacological
interventions such as statins *>. The FRS can also be used to monitor changes in a patient's risk of

developing CVD over time and to guide the implementation of additional interventions as needed **.

Based on these findings, the FRS could be improved to make it more inclusive for diverse populations.
A comprehensive update should integrate race/ethnicity-specific variables and socioeconomic factors
that more accurately reflect cardiovascular risk in non-NH White populations. The current FRS does
not explicitly account for the significant differences in cardiovascular risk across racial and ethnic
groups. Our findings show that Mexican Americans and NH Asians have lower FRS scores while NH
Blacks and NH Whites have higher scores. However, these results do not align fully with CVD
outcomes or other risk factors like cholesterol levels. Incorporating race/ethnicity into the FRS
calculation would adjust for these disparities, possibly aligning the score more closely with the actual

CVD risk for each group

Our study also reveals a disconnect between poverty ratio and FRS outcomes across different racial/
ethnic groups. For instance, Mexican Americans had the lowest poverty ratio but also the lowest FRS,

contradicting previous assumptions about the link between SES and cardiovascular risk. Updating the
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FRS to include SES as a weighted factor may help better capture the effects of socioeconomic stress,
access to healthcare, and lifestyle factors on cardiovascular risk. This adjustment would be especially

beneficial for underserved populations, where SES plays a major role in health outcomes.

Several limitations occurred in our study. Data were collected cross-sectionally at single time points
through multiple NHANES cohorts limiting the ability to make causal inferences. Some data in
NHANES are self-reported which is subject to under and overreporting of certain variables. The
NHANES data may be subject to selection biases, including nonresponse from individuals who did not
provide data, potentially affecting the representativeness of the sample. The effect of adult health on
poverty ratios may also introduce bias in the analysis, as one’s health status can influence healthcare
costs and financial stability **. The large sample and the sample weighting technique helps overcome
information bias from self-reported data, making findings from the study of importance while yielding

generalizable results.

Future studies could also include a focus on critical gene expression that may be suppressed in various
racial groups. For instance, Sirtuin 1 (SIRT1) is a NAD+-dependent deacetylase that plays a crucial
role in cellular regulation, influencing processes such as metabolism, inflammation, and apoptosis. Its
expression is found in various tissues, including the cardiovascular system, where it modulates
endothelial function and smooth muscle cell behavior.”® SIRT1 has emerged as a significant modulator
of several metabolic pathways that align closely with the FRS risk factors, which include hypertension,
hyperlipidemia, diabetes, and smoking.** SIRT1 is known to influence lipid metabolism and glucose
homeostasis, effectively regulating the pathways that govern insulin sensitivity and cholesterol levels.
By enhancing the activity of key enzymes involved in lipid oxidation and glucose metabolism, SIRT1
plays a protective role against the metabolic dysregulation associated with these risk factors.”**
Consequently, alterations in SIRT1 expression or activity could directly impact an individual's FRS
profile, highlighting its potential as a biomarker for assessing cardiovascular risk. Inclusion of SIRTI
levels in clinical practice as a predictor for CVD could help enhance clinical approaches to reduce the

risk of disease outcomes.>

Conclusion

Our analysis revealed that NH whites demonstrated the highest CVD risk according to FRS and were
the oldest racial/ethnic group in the cohort, while the racial/ethnic group with the lowest risk for CVD
based on FRS is in MA, followed by the next highest of NH Asians, then NH Blacks, and other/

multiracial. SES did not consistently predict FRS differences between racial/ethnic groups.

These findings underscore the complexity of CVD risk factors and their relationship with race and
ethnicity. Moving forward, future research should focus on the mechanisms, aside from SES, which
may drive these disparities such as genetic factors, lifestyle choices, and access to healthcare.
Additionally, there is a great need to refine and enhance risk assessment tools such as FRS to
accurately identify individuals who are at greater risk of developing CVD, especially within various
racial/ethnic groups. This type of research will play a significant role in developing interventions to

reduce CVD disparities among racial/ethnic groups.
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