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Abstract

This cross-sectional study determined income disparities in age-adjusted prevalence and trends
of 10-year high absolute cardiovascular disease (CVD) risk, metabolic syndrome, hypertension,
diabetes, obesity, chronic kidney disease (CKD), leisure-time physical activity (LTPA), and
current tobacco smoking within racial/ethnic groups in the US. National Health and Nutrition
Examination Survey 2001-2016 data of 40-79-year-old people were analyzed. Survey periods
were grouped as 2001-2006, 2007-2012, and 2013-2016. Race/ethnicity was grouped as non-
Hispanic whites, non-Hispanic blacks, and other races/ethnicities. Three equal-sized strata (low-,
middle-, and high income) were made from the family income-to-poverty ratio. Of the 25,777
participants (mean age: 55.6 years, 48% males), a majority of the studied prevalence was

higher in most survey years among non-Hispanic blacks compared to non-Hispanic whites. Most
studied prevalence was also higher among low-income people than middle-/high-income people.
Within racial/ethnic groups, the prevalence also differed by income for high CVD risk, metabolic
syndrome, hypertension, diabetes, obesity, CKD, LTPA, and tobacco smoking (£ < 0.05) in most
survey periods. After stratifying by race/ethnicity, the prevalence of many conditions remained
disproportionately higher among low- and middle-income people, compared to those with high
income during most survey periods in all racial/ethnic groups. These results reveal income in
addition to race/ethnicity to be an important correlate of cardiovascular health and underscore the
need to consider each when controlling for risk factors.
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Introduction

Cardiovascular disease (CVD) is a leading cause of death and disability globally and in

the US [1-3]. Regularly monitoring the prevalence and trends of CVD risk factors is thus
essential to reduce these adverse consequences. Hypertension, abnormal cholesterol levels,
diabetes, obesity, chronic kidney disease (CKD), physical inactivity, and smoking are some
major modifiable risk factors for CVD [2, 4, 5]. Clustering of some of these conditions also
constitutes metabolic syndrome or Syndrome X, a common term used to predict higher CVD
risk [6]. In addition, 10-year absolute CVD risk, estimated based on age and other coexisting
CVD risk factors measurements, is used to predict future CVD events [7]. Overall, within
the past several decades, the prevalence of risk factors for CVD has remained mostly static
or declined within the US [8, 9]. However, CVD risk remains substantially higher among
non-Hispanic blacks compared to non-Hispanic whites [9, 10]. Take hypertension as an
example: the age-adjusted prevalence of hypertension is about 1.5 times higher among
non-Hispanic blacks compared to their non-Hispanic white counterparts [11]. Other studies
have estimated that the prevalence of the metabolic syndrome is higher among non-Hispanic
whites compared to non-Hispanic blacks, specifically among younger people and males [12,
13]. In addition to the race, the disparities have been reported by socioeconomic status,
including income. For instance, Odutayo et al. have observed that the prevalence of high
absolute CVD risk and other risk factors is substantially higher among low-income adults
compared to high-income adults [14]. Similar results have been observed among adolescents
[15].

Socioeconomic status may differ by race/ethnicity, which may contribute to a difference in
CVD prevalence within racial/ethnic groups. Earlier studies have reported the racial/ethnic
and income disparities associated with CVD risk, metabolic syndrome, and other major
CVD risk factors; however, to our knowledge, none of the previous studies report income
disparities associated with prevalence and trends of these risk factors within the strata of
races/ethnicities. This study attempts to fill the gaps in the literature by investigating whether
income disparities in CVD risk factors’ prevalence exist within racial/ethnic groups in a
nationally representative sample of middle-aged and older adults in the US.

Methods

Data source

This cross-sectional study analyzed National Health and Nutrition Examination Survey
(NHANES) data from 2001-2016 survey years [16]. This survey primarily aims to obtain
a nationally representative sample of the non-institutionalized US population. Details of
NHANES are available elsewhere [16]. The datasets are publicly available. The survey
protocols were approved by the Ethics Review Board of the National Center for Health
Statistics [17]. We used pooled cohort risk equations to calculate CVD risk. Because this
method is recommended for people 40-79 years of age, we limited our analysis to this age

group [7].
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Study variables

Participants reported their race/ethnicity. Because stratifying income by race/ethnicity brings
a lower sample size, especially the racial/ethnic groups other than non-Hispanic whites,

we merged races/ethnicities other than non-Hispanic whites and non-Hispanic blacks (i.e.,
Mexican—Americans, Asians, and other Hispanics, including multiraces) as “other races/
ethnicities” and divided the 2001-2016 survey years into three periods: 2001-2006, 2007—
2012, and 2013-2016 to increase the sample size for all racial/ethnic group.

The family income-to-poverty ratio is the ratio of a family’s income and poverty threshold
based on the number of family members. Thus, a higher ratio indicates a higher
socioeconomic status [18, 19]. We used this variable to stratify the entire study population
into three equal-sized groups: low-, middle-, and high income.

Per the pooled cohort risk equations, among people without CVD events’ history (i.e.,

no history of myocardial infarction, coronary heart disease, stroke, or heart failure), we
obtained the 10-year predicted CVD risk and considered a = 20% 10-year CVD risk as high
CVD risk [7].

Based on the criteria described by the joint scientific statement [13, 20], metabolic syndrome
was defined as having at least three of the following five conditions: abdominal obesity

(i.e., 2102 cm for men and =88 cm for women); high serum triglycerides (i.e., 2150 mg/
dL); low high-density lipoprotein (HDL) concentration (i.e., <40 mg/dL for men and <50
mg/dL for women); raised systolic/diastolic blood pressure (i.e., 2135/85 mmHg); and raised
fasting glucose level (i.e., 2100 mg/dL). In addition, people who were taking any drug

to control blood lipids, blood pressure, and blood glucose were considered to have high
triglyceride/low HDL, raised blood pressure, and raised blood glucose, respectively [13].

Among other major CVD risk factors, we reported hypertension, diabetes, obesity, CKD,
physical inactivity, and smoking status. Hypertension was defined as having a systolic/
diastolic blood pressure >130/80 mmHg or if the participants reported that they were

taking a blood pressure-lowering drug [21]. A person was considered to have diabetes

if the glycohemoglobin was =6.5%, previous diagnosis of diabetes by a physician, or if

the person was taking an antidiabetic drug [14]. The “weight in kilograms” was divided

by “height in meters squared” to calculate body mass index (BMI) and a BMI of =30

kg/m?2 was considered obese [22]. We used the CKD epidemiology (CKD-EPI) equation

to estimate the glomerular filtration rate (GFR). A person was categorized as CKD if the
albumin—creatinine ratio was =30 mg/g or the GFR was <60 ml/min per 1.73 m? [23]. Serum
creatinine was also calibrated for the required survey years [17]. Participants’ reports of

the usual amount of time spent doing aerobic moderate and vigorous recreational physical
activity (PA) in a week were used to estimate aerobic leisure-time PA (LTPA). Minutes spent
performing vigorous aerobic PA were multiplied by 2 and added to moderate PA to obtain
the aerobic LTPA. A person was considered as no aerobic LTPA or physically inactive if

the aerobic LTPA was “0” min/week. As the LTPA data was available for 2007-2016 survey
years, we only included those survey years. Persons reported their current tobacco smoking
status [18, 24]. To describe sample characteristics, we also used age, gender (i.e., male or
female), and education level.
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Statistical analysis

Results

First, the study sample was stratified by survey years. Mean and standard errors (SE) were
reported for continuous variables and weighted percentages (%) and unweighted frequencies
(n) were reported for categorical variables. To compare, continuous variables were tested
with analysis of variance and categorical variables (including the trends over the sampling
years) were tested with chi-square tests. Then, the age-adjusted prevalence (with 95%
confidence interval (Cl)) of individuals with high 10-year absolute CVD risk, metabolic
syndrome, and other risk factors were reported. To report the age-adjusted estimates, the
population distribution from the 2015 population was used [25]. This age distribution was
used to report estimates for most recent years. The provided sample weights were also used
to calculate the estimates. To handle missing data, we used pairwise deletion (i.e., available
case analysis) [26]. Due to a low proportion of missing data (<10%) for most variables, the
overall bias using that approach will be low. Stata 14.0 (Statistical software, College Station,
TX, USA) was used to analyze data [27].

From the 2001-2016 survey years, a total of 25,777 respondents between 40 and 79 years
of age were included in the analysis (mean age: 55.6 years, SE: 0.1, Table 1). Over time,
the mean age of the respondents was roughly constant, with averages of 54.8 (SE: 0.1),
55.6 (SE: 0.2), and 56.5 (SE: 0.2) years in 2001-2006 (/7= 8388), 2007-2012 (n = 10536),
and 2013-2016 (n = 6853), respectively. More than two-thirds of the respondents were
non-Hispanic whites in each survey period. The proportion of participants with a bachelor
or above education level increased over time. When assessing the overall prevalence of
conditions that comprise metabolic syndrome, we found that 62.3%, 41.2%, 29.5%, 49.5%,
and 56.3% of respondents had abdominal obesity, high triglyceride, low HDL, raised blood
pressure, and raised glucose level, respectively.

Figure 1 shows the prevalence and trends of high 10-year absolute CVD risk, metabolic
syndrome, and other major risk factors by race/ethnicity. Among all races/ethnicities, the
prevalence of high CVD risk and metabolic syndrome did not change significantly over
time (P> 0.05). For instance, among non-Hispanic whites, the prevalence of high CVD risk
was 9.0% (95% ClI: 8.3-9.7%), 8.4% (95% CI: 7.6-9.2%), and 8.6% (95% CI: 7.4-10.0%)
in 2001-2006, 2007-2012, and 2013-2016 survey periods, respectively; this was also the
lowest prevalence among all races/ethnicities across the periods. Except for high CVD risk
and metabolic syndrome, the prevalence of all other characteristics differed significantly
by race/ethnicity in all survey years. For tobacco smoking, hon-Hispanic blacks had the
highest prevalence among all races/ethnicities. The prevalence of obesity increased among
all races/ethnicities and non-Hispanic blacks had the highest prevalence across the survey
years.

Figure 2 summarizes the prevalence and trends by income level. The overall prevalence of
high CVD risk, metabolic syndrome, hypertension, diabetes, CKD, no LTPA, and tobacco
smoking was substantially higher among people with low income in most survey periods.
Across the survey periods, the overall prevalence of high CVD risk, metabolic syndrome,
hypertension, and CKD did not change significantly among all income groups (P> 0.05).
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The prevalence of tobacco smoking and no aerobic LTPA did not show such a consistent
pattern by income across survey periods. The overall prevalence of diabetes and obesity
increased across the survey period in all income groups (P < 0.05).

In Fig. 3, we illustrate the differences in prevalence and trends of high CVD risk, metabolic
syndrome, hypertension, and diabetes according to income level within each racial/ethnic
group. Among all races/ethnicities, high-income people had an overall lower prevalence of
high CVD risk in the latest survey period compared to low- and middle-income people.

For instance, in 2013-2016, within people of other races/ethnicities, the prevalence for
high CVD risk was 11.9% (95% CI: 9.7-14.5%), 11.4% (95% CI: 9.2-14.0%), and 8.8%
(95% CI: 6.1-12.6%) among people with low-, middle- and high income, respectively. The
prevalence of metabolic syndrome was higher among low-income people than high-income
people in all racial/ethnic groups during all survey periods. The prevalence of hypertension
did not show any consistent pattern across racial/ethnic groups; however, it was lower among
high-income people among non-Hispanic whites and non-Hispanic blacks. The prevalence
of diabetes was also lower among high-income people in all racial/ethnic groups. The
change in prevalence was statistically non-significant (£> 0.05) for most characteristics
across income groups within all races/ethnicities.

As shown in Fig. 4, the overall prevalence of all four studied characteristics was higher
among people with low- and middle income than those with high income in most racial/
ethnic groups. The prevalence change did not show any consistent pattern for most
characteristics during the survey periods.

Discussion

This study described income disparities in high absolute CVD risk, metabolic syndrome,
hypertension, and other major CVD risk factors by race/ethnicity among middle-aged

and older people. The overall prevalence of many CVD risk factors was higher among
non-Hispanic blacks and low-/middle-income people compared to non-Hispanic whites and
high-income people. Within the racial/ethnic groups, low- or middle-income people had a
higher prevalence of most characteristics than high-income people during most periods.

This study supports previous research that found an overall higher prevalence of many
CVD risk factors among non-Hispanic blacks and low-income people [8, 9, 14, 28].

These populations also have higher hospitalization rates due to acute myocardial infarction
compared to non-Hispanic whites or high-income people [14, 29]. Even among people
who receive treatment, there may be racial/ethnic and income disparities in C\VVD control.
For instance, although non-Hispanic blacks are more likely to receive anti-hypertensive
treatment, they have a higher prevalence of uncontrolled hypertension [11, 18]. We have
also observed differences in the proportion of people with high income within racial/ethnic
groups (Supplementary Table 1). This may also contribute to the differences by races/
ethnicities.

To reduce the burden of CVD and the adverse consequences resulting from it, it is
important to develop prevention strategies that target people who have a higher likelihood
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of developing CVD. As many of the observed characteristics were higher among low-
income people of all races/ethnicities, it is important to design health education programs
for them. Although the differences in the prevalence of high CVD risk and metabolic
syndrome were insignificant according to race/ethnicity, prevalence differed by income,
indicating a substantial association of income instead of race/ethnicity in prevalence for
these two variables. However, most other characteristics differed by race/ethnicity as well
as income. Studies have also reported differences in education, insurance, dietary habits,
and health awareness according to race/ethnicity and income [14, 28, 30]. The two reported
behavioral characteristics (i.e., no aerobic LTPA and tobacco smoking) in this study were
also significantly more prevalent among low-income people compared to other income
groups. These differences were observed overall and within racial/ethnic groups. The
prevention strategies are similar for high CVD risk, metabolic syndrome, hypertension,
diabetes, obesity, and CKD; increasing LTPA and smoking cessation are two of them [21,
24]. Reducing the racial/ethnic and income disparities in the CVD burden should help
address life expectancy disparities as well [31]. Furthermore, increased age is a known risk
factor for CVD and a growing concern as the US population ages in the upcoming decades
[13]. Reducing burden by adopting healthy behaviors from a young age is thus essential [21,
28].

The study findings also indicate that the recent decline in the burden of many CVD risk
factors has not been achieved across all income groups within all races/ethnicities [14,

28]. It is important to halt the rising prevalence of risk factors that disproportionately

afflict non-Hispanic blacks and low-income people. Previous studies have reported that the
prevalence of obesity and diabetes has increased during the past several decades [12, 13, 32].
The absolute increment in prevalence by insignificant (i.e., Pvalue > 0.05) or small (e.g., 1-
2%) percentage points in each survey year may look trivial but the population-wide increase
may be several millions. Moreover, the prevalence increment for these characteristics may
obviate the benefits of prevalence reduction for characteristics like tobacco smoking or no
LTPA.

Our study has several notable strengths. First, we have analyzed a nationally representative
survey’s data and reported the prevalence and trends after adjusting for the age and sample
weights. Second, NHANES uses standardized validated methods. To our knowledge, this is
the first study to report these disparities by income strata among racial/ethnic groups.

Study limitations

The limitations of the present study also merit discussion. First, due to a lower number

of participants from racial/ethnic groups other than non-Hispanic whites and non-Hispanic
blacks, grouping all of them together may conceal the different prevalence estimates among
them. In addition, because the diagnoses were made based on a single day’s measure, there
may be some overestimation of prevalence. Also, using different cutoffs (e.g., intermediate
CVD risk or other hypertension definitions) may result in different estimates. Lastly, the
associations we observe may not be causal due to the cross-sectional nature of the dataset.
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Conclusion

In
bu
of

addition to race/ethnicity, this study highlights the importance of family income in the
rden of CVD risk factors. Considering the observed income disparities in the prevalence
these studied characteristics among all racial/ethnic groups, it is essential to design

prevention strategies focused on the people with the higher burden.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary table
What is known about topic

. The prevalence of some cardiovascular risk factors can differ by race/ethnicity
and income.

What this study adds

. Within racial/ethnic groups, low- or middle-income people had a higher
prevalence of most cardiovascular risk factors than high-income people
during most periods.

. This study indicates that income disparities in the burden of cardiovascular
risk factors also exist within racial/ethnic groups.
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Fig. 1. Prevalence and trends of high cardiovascular disease risk, metabolic syndrome,
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hypertension, and other cardiovascular risk factors by race/ethnicity, 2001-2016 (N = 25,777).

NHW non-Hispanic whites, NHB non-Hispanic blacks; all other races/ethnicities were

grouped as “other”. The Pvalues were obtained using chi-square tests.

J Hum Hypertens. Author manuscript; available in PMC 2022 September 05.
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hypertension, and other cardiovascular risk factors by family income-to-poverty ratio, 2001-

2016 (N = 25,777).

This was stratified as three equal-sized groups: low, middle, and high. Races other than
non-Hispanic whites and non-Hispanic blacks were merged as “other races/ethnicities”. The

Pvalues were obtained using chi-square tests.
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Fig. 3. Prevalence and trends of high cardiovascular disease risk, metabolic syndrome
hypertension, and diabetes by family income-to-poverty ratio within racial/ethnic groups, 2001-
2016 (N = 25,777).

The ratio was stratified as three equal-sized groups: low, middle, and high. Races other than
non-Hispanic whites and non-Hispanic blacks were merged as “other races/ethnicities”. The

Pvalues were obtained using chi-square tests.
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The ratio was stratified as three equal-sized groups: low, middle, and high. Races other than
non-Hispanic whites and non-Hispanic blacks were merged as “other races/ethnicities. The

Pvalues were obtained using chi-square tests.
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