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IMPORTANCE After decades of decline, the US cardiovascular disease mortality rate flattened
after 2010, and racial and ethnic differences in cardiovascular disease mortality persisted.

OBJECTIVE To examine 20-year trends in cardiovascular risk factors in the US population by
race and ethnicity and by socioeconomic status.

DESIGN, SETTING, AND PARTICIPANTS A total of 50 571 participants aged 20 years or older
from the 1999-2018 National Health and Nutrition Examination Surveys, a series of
cross-sectional surveys in nationally representative samples of the US population,
were included.

EXPOSURES Calendar year, race and ethnicity, education, and family income.

MAIN OUTCOMES AND MEASURES Age- and sex-adjusted means or proportions of
cardiovascular risk factors and estimated 10-year risk of atherosclerotic cardiovascular
disease were calculated for each of 10 two-year cycles.

RESULTS The mean age of participants ranged from 49.0 to 51.8 years and the proportion of
women from 48.2% to 51.3% in the surveys. From 1999-2000 to 2017-2018, age- and
sex-adjusted mean body mass index increased from 28.0 (95% CI, 27.5-28.5) to 29.8 (95% CI,
29.2-30.4); mean hemoglobin A1c increased from 5.4% (95% CI, 5.3%-5.5%) to 5.7% (95% CI,
5.6%-5.7%) (both P < .001 for linear trends). Mean serum total cholesterol decreased from
203.3 mg/dL (95% CI, 200.9-205.8 mg/dL) to 188.5 mg/dL (95% CI, 185.2-191.9 mg/dL);
prevalence of smoking decreased from 24.8% (95% CI, 21.8%-27.7%) to 18.1% (95% CI,
15.4%-20.8%) (both P < .001 for linear trends). Mean systolic blood pressure decreased
from 123.5 mm Hg (95% CI, 122.2-124.8 mm Hg) in 1999-2000 to 120.5 mm Hg (95% CI,
119.6-121.3 mm Hg) in 2009-2010, then increased to 122.8 mm Hg (95% CI, 121.7-123.8 mm
Hg) in 2017-2018 (P < .001 for nonlinear trend). Age- and sex-adjusted 10-year
atherosclerotic cardiovascular disease risk decreased from 7.6% (95% CI, 6.9%-8.2%) in
1999-2000 to 6.5% (95% CI, 6.1%-6.8%) in 2011-2012, then did not significantly change.
Age- and sex-adjusted body mass index, systolic blood pressure, and hemoglobin A1c were
consistently higher, while total cholesterol was lower in non-Hispanic Black participants
compared with non-Hispanic White participants (all P < .001 for group differences).
Individuals with college or higher education or high family income had consistently lower
levels of cardiovascular risk factors. The mean age- and sex-adjusted 10-year risk of
atherosclerotic cardiovascular disease was significantly higher in non-Hispanic Black
participants compared with non-Hispanic White participants (difference, 1.4% [95% CI,
1.0%-1.7%] in 1999-2008 and 2.0% [95% CI, 1.7%-2.4%] in 2009-2018]). This difference was
attenuated (–0.3% [95% CI, –0.6% to 0.1%] in 1999-2008 and 0.7% [95% CI, 0.3%-1.0%] in
2009-2018) after further adjusting for education, income, home ownership, employment,
health insurance, and access to health care.

CONCLUSIONS AND RELEVANCE In this serial cross-sectional survey study that estimated US
trends in cardiovascular risk factors from 1999 through 2018, differences in cardiovascular
risk factors persisted between Black and White participants; the difference may have been
moderated by social determinants of health.
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D espite substantial declines in cardiovascular disease
mortality since 1950, it remains the leading cause of
death in the US general population.1 In addition,

recent data show that the cardiovascular disease mortality
rate flattened while the total number of cardiovascular
deaths increased in the US general population from 2010 to
2018.1-3 The reasons for this deceleration in the decline of
cardiovascular disease mortality are not entirely understood.
Several recent studies have reported that the prevalences of
obesity and diabetes have increased4,5 and the proportion of
patients with controlled hypertension has decreased in the
US general population.6

Racial and ethnic differences in cardiovascular disease
mortality persist despite a significant reduction in the cardio-
vascular disease burden in the US general population.1,7 In
the US, Black persons are at an increased risk of obesity, dia-
betes, and hypertension compared with White persons.4,5,8-10

Social determinants of health, including socioeconomic sta-
tus, neighborhood and physical environment, social support
networks, and access to health care, may help explain persis-
tent racial and ethnic differences in cardiovascular disease
and risk factors.11,12 Understanding the secular trends of car-
diovascular risk factors among US subpopulations with vari-
ous racial and ethnic backgrounds and socioeconomic status
may be helpful to guide the development of national public
health policies for targeted interventions aimed at eliminat-
ing health disparities.

The current study aimed to estimate 20-year trends in
multiple cardiovascular risk factors in the US population
and to compare these trends according to race and ethnicity
and socioeconomic status using data from the National
Health and Nutrition Examination Surveys (NHANES) from
1999 to 2018.

Methods
Study Participants
NHANES was designed to assess the health and nutritional
status of the US general population. A stratified, multistage
probability sampling method was used to select a series of
cross-sectional, nationally representative samples.13 Since
1999-2000, the survey has been conducted in 2-year cycles.
For the current analysis, 10 cycles conducted from 1999-
2000 through 2017-2018 were used. The study protocols
were approved by the institutional review board of the
National Center for Health Statistics, and written informed
consent was obtained from each participant.

Data Collection
In each 2-year survey, participants completed in-home inter-
views and visited a mobile examination center, where they
responded to additional questionnaires and underwent a
physical examination and blood sample collection. A standard-
ized questionnaire was used to collect information on age, race
and ethnicity, sex, education, income, and medical history.14

Self-reported race data including 6 categories (American
Indian or Alaska Native, Asian, Black or African American,

Native Hawaiian or Pacific Islander, White, or other) in addi-
tion to Hispanic origin were collected. Non-Hispanic Asian
was not listed as a separate race and ethnicity until 2011-
2012. Data on education, income, employment, housing,
health insurance, and access to health care were collected.
The income-to-poverty ratio (annual family income divided
by the poverty threshold adjusted for family size and infla-
tion) was used as a measure of income. Cigarette smoking
status was based on responses to questionnaires regarding
whether a participant was currently smoking or had formerly
smoked cigarettes. Personal medical history and medication
use for hypertension, diabetes, and hypercholesterolemia
were assessed during the in-home interview. Self-reported
history of cardiovascular disease was defined as having ever
been diagnosed as having coronary heart disease, stroke, or
congestive heart failure.

During the physical examination, weight and height
were measured and body mass index was calculated as
weight in kilograms divided by height in meters squared.
Blood pressure was measured by trained staff using a mer-
cury sphygmomanometer after the participant rested qui-
etly in a seated position for at least 5 minutes.15 Three blood
pressure measurements were obtained and the mean of all
measurements was used in analyses. Blood samples were
collected at the mobile examination center, stored at
−20 °C, and sent to central laboratories for the determina-
tion of total cholesterol, high-density lipoprotein choles-
terol, low-density lipoprotein (LDL) cholesterol, triglycer-
ides, plasma glucose, and hemoglobin A1c using standard
methods. Eight-hour fasting blood samples were only avail-
able in a subsample of survey participants for measuring
LDL cholesterol, triglycerides, and glucose.

The 10-year risk of atherosclerotic cardiovascular disease
was calculated using the Pooled Cohort Equations among
individuals without a self-reported history of cardiovascular
disease.16 Obesity was defined as body mass index of 30 or
higher; hypertension as systolic blood pressure of 130 mm Hg
or higher, diastolic blood pressure of 80 mm Hg or higher,

Key Points
Question Do secular trends in cardiovascular risk factors differ by
race and ethnicity and by socioeconomic status in the US?

Findings In this US serial cross-sectional survey study conducted
from 1999 through 2018 that included 50 571 participants, there
were significant increases in body mass index and hemoglobin A1c

and significant decreases in serum total cholesterol and cigarette
smoking from 1999 to 2018. Mean age- and sex-adjusted
estimated 10-year risk of atherosclerotic cardiovascular disease
was constantly higher in non-Hispanic Black participants
compared with non-Hispanic White participants, but this
difference was attenuated after further adjusting for education,
income, home ownership, employment, health insurance, and
access to health care.

Meaning In a national US survey study from 1999 to 2018,
differences in cardiovascular risk factors persisted between Black
and White participants; the difference may be moderated by social
determinants of health.
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or use of antihypertensive medications; diabetes as fasting
plasma glucose of 126 mg/dL or higher, hemoglobin A1c

of 6.5% or higher, or use of antidiabetic medications;
and hypercholesterolemia as total cholesterol of 240 mg/dL
(6.2 mmol/L) or higher or use of lipid-lowering medica-
tions.1,17,18 The same cut point of body mass index for obesity
was used for Asian participants because the same pattern of
body mass index and mortality associations was observed in
large prospective cohort studies in Asian populations and
non-Asian populations.19,20

Statistical Analysis
The age- and sex-adjusted means or proportions of cardiovas-
cular risk factors were calculated separately using data from
each of the 10 two-year cycles from 1999-2000 through
2017-2018.21 Age and sex adjustment was performed using the
direct standardization method to the 2000 US Census popu-
lation using the following 6 age and sex categories: men aged
20 to 39, 40 to 59, and 60 or more years, and women aged 20
to 39, 40 to 59, and 60 or more years.13 For sex-specific esti-
mates, 3 age categories were used for adjustment. Subgroup
analyses by race and ethnicity (non-Hispanic Asian, non-
Hispanic Black, Hispanic, and non-Hispanic White), educa-
tion levels (less than high school, high school graduate, some
college, and college graduate or higher), and family income-
to-poverty ratios (≤100%, >100%-299%, 300%-499%, and
≥500%) were conducted.

Linear regression was used for age- and sex-adjusted
means and logistic regression for proportions to test the sta-
tistical significance of linear or nonlinear trends as well as
group differences. Nonlinearity of secular trend was tested
by adding a quadratic term into the regression models. In
addition, Joinpoint trend analysis was applied to assess the
statistical significance of changes in regression slopes
between 2 or more time periods.22 Age- and sex-adjusted
means or proportions over time with zero joinpoints (linear
trend) were first fit and a Monte Carlo permutation method
was then used to test whether more joinpoints were statisti-
cally significant.23 Statistically significant changes in trends
by time periods were reported. The homogeneity of secular
trends among subgroups was tested using an interaction
term of time by subgroup in the regression models. A linear
or quadratic term of time was used for testing the homoge-
neity of linear or nonlinear trends. To examine whether
observed racial and ethnic differences in cardiovascular
disease and risk factors were moderated by social determi-
nants of health, racial and ethnic differences were com-
pared after adjusting for education, income, home owner-
ship, employment, health insurance, and access to health
care. Data from 1999-2008 and 2009-2018 were pooled to
increase sample size, and analyses were limited to White,
Black, and Hispanic participants due to lack of data from
Asian participants in most years.

All analyses were conducted using SAS statistical
software, version 9.4 (SAS Institute Inc) with survey analysis
procedures to account for the complex sampling design. The
survey examination weights were used for analysis as appro-
priate to obtain nationally representative estimates. These

original weights were recalibrated based on the proportion of
participants with missing data by age, sex, and race and eth-
nicity categories within each cycle.13 All statistical tests were
2-sided, and P < .05 was considered statistically significant.
Because of the potential for type I error due to the absence of
adjustment for multiple comparisons, the analysis results
should be interpreted as exploratory.

Results
The current analyses were limited to participants aged 20
years or older (n = 55 081). In addition, those who did not
participate in physical examinations (n = 2683) or were preg-
nant or lactating at the time of examination (n = 1827) were
excluded. After exclusion, a total of 50 571 participants were
included in the final analysis sample (Table 1). The mean age
of study participants ranged from 49.0 to 51.8 years and the
proportion of women from 48.2% to 51.3% in the surveys
(Table 1). Participants in Asian, Black, and Hispanic subpopu-
lations were oversampled in all surveys. Proportions of per-
sons with less than high school education decreased from
39.7% in 1999-2000 to 20.0% in 2017-2018, while those who
were college graduates or higher increased from 15.4% to
24.0% during the same period. Proportions of persons who
lived in poverty varied from 16.9% to 25.7%, those who did
not own a home from 32.0% to 43.7%, those who were
unemployed from 19.6% to 25.2%, those who did not have
health insurance from 13.7% to 25.5%, and those who did not
have regular health care access from 13.9% to 18.3%.

Cardiovascular Risk Factors From 1999-2000 to 2017-2018
Age- and sex-adjusted mean body mass index increased
from 28.0 (95% CI, 27.5-28.5) in 1999-2000 to 29.8 (95% CI,
29.2-30.4) in 2017-2018 (P < .001 for linear trend) in the
study population (Figure 1; eTable 1 in the Supplement).
Mean systolic blood pressure decreased from 123.5 mm Hg
(95% CI, 122.2-124.8 mm Hg) in 1999-2000 to 120.5 mm Hg
(95% CI, 119.6-121.3 mm Hg) in 2009-2010, then increased to
122.8 mm Hg (95% CI, 121.7-123.8 mm Hg) in 2017-2018
(P < .001 for nonlinear trend). The joinpoint trend was sig-
nificant (P = .006) for differences in slopes between the 2
time periods. The similar nonlinear trend was observed in
age groups of 40 to 59 years and 60 years or older (eTable 2
in the Supplement). Mean hemoglobin A1c increased from
5.4% (95% CI, 5.3%-5.5%) in 1999-2000 to 5.7% (95% CI,
5.6%-5.7%) in 2017-2018 (P < .001 for linear trend). Mean
serum total cholesterol decreased from 203.3 mg/dL (95%
CI, 200.9-205.8 mg/dL) in 1999-2000 to 188.5 mg/dL (95%
CI, 185.2-191.9 mg/dL) in 2017-2018 (P < .001 for linear
trend). Age- and sex-adjusted prevalence of current smoking
decreased from 24.8% (95% CI, 21.8%-27.7%) in 1999-2000
to 18.1% (95% CI, 15.4%-20.8%) in 2017-2018 (P < .001 for
linear trend).

Age- and sex-adjusted prevalence of obesity increased
from 30.2% (95% CI, 26.9%-33.4%) in 1999-2000 to 42.4%
(95% CI, 38.6%-46.3%) in 2017-2018 and diabetes from 8.2%
(95% CI, 6.8%-9.6%) to 12.7% (95% CI, 11.5%-14.0%) in the
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same period (both P < .001 for linear trend) (eTable 3 in the
Supplement). Prevalence of hypertension decreased from
47.3% (95% CI, 44.1%-50.5%) in 1999-2000 to 42.9% (95%
CI, 40.5%-45.4%) in 2009-2010, then increased to 46.5%
(95% CI, 43.5%-49.5%) in 2017-2018 (P = .007 for nonlinear
trend). Prevalence of hypercholesterolemia increased from
25.7% (95% CI, 22.7%-28.7%) in 1999-2000 to 30.4% (95%
CI, 27.9%-32.9%) in 2009-2010, then decreased to 24.8%
(95% CI, 23.2%-26.5%) in 2017-2018 (P < .001 for nonlinear
trend). The joinpoint trend was significant (P = .003) for dif-
ferences in slopes between the 2 time periods.

The age- and sex-adjusted proportions of antihyperten-
sive medication and statin use increased from 17.2% (95%
CI, 15.1%-19.3%) and 10.3% (95% CI, 9.1%-11.4%) in 1999-
2000 to 22.3% (95% CI, 20.5%-24.1%) and 18.0% (95% CI,
16.9%-19.1%) in 2009-2010, then decreased to 21.1% (95%
CI, 19.0%-23.3%) and 15.5% (95% CI, 14.0%-17.0%) in 2017-
2018, respectively (both P < .001 for nonlinear trend
(eTable 4 in the Supplement). The proportion of antidiabetic
medication use increased from 5.3% (95% CI, 4.1%-6.5%) in
1999-2000 to 8.6% (95% CI, 7.5%-9.6%) in 2017-2018
(P < .001 for linear trend).

Age- and sex-adjusted estimated 10-year risk of athero-
sclerotic cardiovascular disease decreased from 7.6% (95%
CI, 6.9%-8.2%) in 1999-2000 to 6.5% (95% CI, 6.1%-6.8%) in
2011-2012, then became flat among individuals without a
self-reported history of cardiovascular disease (Figure 1;
eTable 1 in the Supplement). The joinpoint trend was signifi-
cant (P = .02) for difference in slopes between 1999-2010
and 2011-2018. The estimated 10-year risk decreased from
1.8% (95% CI, 1.3%-2.4%) in 1999-2000 to 1.1% (95% CI,
0.9%-1.3%) in 2017-2018 among those aged 20 to 39 years
(P < .001 for linear trend); did not significantly change
among those aged 40 to 59 years (P = .35 for linear trend);
and decreased from 22.9% (95% CI, 20.8%-25.0%) in 1999-
2000 to 19.3% (95% CI, 18.2%-20.4%) in 2011-2012 and
increased to 20.0% (95% CI, 18.6%-21.4%) in 2017-2018
among those aged 60 years or older (P = .04 for nonlinear
trend) (eTable 2 in the Supplement). Age- and sex-adjusted
prevalence of self-reported cardiovascular disease was
stable, at 7.2% (95% CI, 5.9%-8.6%) in 1999-2000 and 7.3%
(95% CI, 6.2%-8.5%) in 2017-2018 (P = .16 for linear trend)
(eTable 4 in the Supplement).

Secular Trends by Race and Ethnicity
Age- and sex-adjusted cardiovascular risk factors by race and
ethnicity followed the same pattern, although with different
magnitudes, as those in the overall population for mean body
mass index, hemoglobin A1c, total cholesterol, and preva-
lence of cigarette smoking (all P < .05 for subgroup homoge-
neity) (Figure 2; eTable 5 in the Supplement). Moreover, age-
and sex-adjusted mean body mass index, systolic blood pres-
sure, and hemoglobin A1c were significantly higher while total
cholesterol levels were lower in Black participants compared
with White participants in all time periods. White partici-
pants had the lowest mean hemoglobin A1c while Asian par-
ticipants had the lowest mean body mass index and preva-
lence of current smoking.

Racial and ethnic differences in the age- and sex-
adjusted prevalences of obesity, hypertension, and diabetes
were significant in all time periods from 1999 to 2018 (all
P < .001 for group differences) (eTable 6 in the Supplement).
For example, the age- and sex-adjusted prevalences of obe-
sity, hypertension, and diabetes were consistently and signifi-
cantly higher in Black participants compared with other ra-
cial and ethnic groups. The age- and sex-adjusted prevalence
of high total cholesterol was not significantly different by ra-
cial and ethnic groups.

The age- and sex-adjusted estimated 10-year risk of ath-
erosclerotic cardiovascular disease decreased from 7.5%
(95% CI, 6.6%-8.4%) to 6.3% (95% CI, 5.8%-6.8%) in White
individuals (P < .001 for linear trend) and from 7.3% (95%
CI, 5.9%-8.7%) to 6.4% (95% CI, 5.8%-6.9%) in Hispanic
individuals (P = .02 for linear trend) among participants
without a self-reported history of cardiovascular disease
from 1999-2000 to 2017-2018 (Figure 2; eTable 5 in the
Supplement). The estimated 10-year risk decreased from
9.1% (95% CI, 8.3%-9.8%) in 1999-2000 to 7.6% (95% CI,
7.3%-8.0%) in 2013-2014 but increased to 8.3% (95% CI,
7.5%-9.0%) in 2017-2018 in Black participants (P = .03 for
nonlinear trend). The estimated 10-year risk was consis-
tently higher in Black participants in all time periods (all
P < .05 for group difference).

Secular Trends by Education Levels
Secular trends in age- and sex-adjusted mean cardiovascular
risk factors between 1999 and 2018 by education levels were
similar with those in the overall population except that those
with high school education had a greater reduction in mean
total cholesterol (Figure 3; eTable 5 in the Supplement). Indi-
viduals with college or higher education had significantly
lower age- and sex-adjusted mean body mass index, systolic
blood pressure, hemoglobin A1c, and 10-year risk of athero-
sclerotic cardiovascular disease, as well as a lower prevalence
of current smoking, in all time periods. Individuals with less
than high school education had significantly higher mean
hemoglobin A1c and 10-year risk of atherosclerotic cardiovas-
cular disease during all time periods (all P < .001 for group
difference). The prevalences of obesity, hypertension, and
diabetes were significantly lower among individuals with col-
lege or higher education (eTable 6 in the Supplement).

Secular Trends by Family Income
Secular trends in age- and sex-adjusted mean cardiovascular
risk factors by family income were similar to those in the
overall population, although significant variations existed for
mean total cholesterol (P = .006 for homogeneity) and preva-
lence of cigarette smoking (P = .003 for homogeneity)
(Figure 4; eTable 5 in the Supplement). Individuals with
higher income (≥500% of family income-to-poverty ratios)
had consistently lower body mass index, hemoglobin A1c,
prevalence of current smoking, and 10-year risk of athero-
sclerotic cardiovascular disease. Individuals in poverty (fam-
ily income-to-poverty ratio ≤100%) had significantly higher
hemoglobin A1c, cigarette smoking, and 10-year risk of ath-
erosclerotic cardiovascular disease.
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Adjustment for Social Determinants of Health
After further adjusting for education, income, home owner-
ship, employment, health insurance, and access to health
care, the cardiovascular risk factors of mean body mass
index, systolic blood pressure, and hemoglobin A1c remained
significantly higher, but mean total cholesterol and preva-
lence of cigarette smoking remained lower, in Black partici-
pants compared with White participants in both periods,
1999-2008 and 2009-2018 (Table 2). Mean age- and sex-
adjusted 10-year risk of atherosclerotic cardiovascular dis-
ease was higher in Black participants compared with White
participants (difference, 1.4% [95% CI, 1.0%-1.7%] in 1999-
2008 and 2.0% [95% CI, 1.7%-2.4%] in 2009-2018). This dif-
ference was attenuated after further adjusting for education,
income, home ownership, employment, health insurance,
and access to health care (−0.3% [95% CI, –0.6% to 0.1%] in
1999-2008 and 0.7% [95% CI, 0.3%-1.0%] in 2009-2018). The
prevalences of obesity, hypertension, and diabetes were
higher while prevalence of hypercholesterolemia was lower
in Black participants compared with White participants
(eTable 7 in the Supplement). The prevalence of self-reported
cardiovascular disease was higher in Black participants com-
pared with White participants. However, this difference was
no longer statistically significant after adjusting for educa-
tion, income, home ownership, employment, health insur-
ance, and access to health care.

Compared with White participants, Hispanic partici-
pants had higher mean body mass index and hemoglobin
A1c but lower prevalence of cigarette smoking (Table 2).
Adjusted 10-year risk of atherosclerotic cardiovascular
disease and prevalence of self-reported cardiovascular dis-
ease were significantly lower in Hispanic participants com-
pared with White participants (Table 2; eTable 7 in the
Supplement).

Discussion
In this serial cross-sectional survey study that estimated US
trends in cardiovascular risk factors from 1999 through
2018, differences in cardiovascular risk factors persisted
between Black participants and White participants; the dif-
ference may have been moderated by social determinants
of health.

Several studies have examined the secular trends of
individual cardiovascular risk factors using data from
NHANES.4-6,9 A study by Ogden et al4 reported increases in
obesity and severe obesity in both men and women in the
US from 1999-2000 to 2017-2018. A study by Dorans et al9

reported that age-standardized prevalence of hypertension
in the US decreased from 48.4% in 1999-2000 to 45.4%
in 2015-2016. A study by Wang et al5 reported that the
estimated age-standardized prevalence of diabetes among
US adults increased significantly from 9.8% in 1999-2000
to 14.3% in 2017-2018 (P < .001 for trend). The current
analysis comprehensively examined multiple major cardio-
vascular risk factors using the most recent national survey
data available.

The trends in this analysis reflected both primary pre-
vention (ie, lifestyle intervention) and secondary prevention
(ie, pharmaceutical treatment) efforts. Muntner et al6

reported that the age-adjusted estimated proportion of US
adults with controlled blood pressure among patients with
hypertension increased from 31.8% in 1999-2000 to 48.5% in
2007-2008 (P < .001 for trend), did not significantly change
from 2007-2008 through 2013-2014 (P = .14 for trend), and
then declined to 43.7% in 2017-2018 (P = .003 for trend).6

Yang et al24 reported that in the US, the proportion of adults
with diabetes that is controlled (hemoglobin A1c <7%)
increased from 44.0% in 1999-2002 to 57.4% in 2007-2010
but then declined to 50.5% in 2015-2018. Therefore, declines
in hypertension and diabetes control might have partially
contributed to increases in mean blood pressure and hemo-
globin A1c levels in the US population. In addition, changes in
statin use may explain the discrepancy between secular
trends of mean serum total cholesterol and the prevalence of
hypercholesterolemia observed in this study.

Systolic blood pressure and diabetes are 2 major predic-
tors in the Pooled Cohort Equations,16 and recent increases in
these risk factors may contribute to the deceleration of car-
diovascular disease risk decline. Several previous studies
assessed the secular trends of overall cardiovascular disease
risk using combinations of various cardiovascular disease risk
factors.24,25 The current analysis additionally studied the
estimated 10-year risk of atherosclerotic cardiovascular dis-
ease, which provides a quantitative risk measurement that is
widely used in clinical practice and public health.16,26,27

Racial and ethnic differences in cardiovascular disease
mortality and risk factors have been well documented.28-30

Although cardiovascular disease mortality and risk fac-
tors have decreased significantly since 1950, Black per-
sons still have higher risk compared with individuals in
other racial and ethnic groups.3,28-30 To our knowledge, this
is the first study to report that body mass index, systolic
blood pressure, and hemoglobin A1c were persistently
higher in the Black population compared with the White
population after adjustment for important social determi-
nants of health, such as education, income, housing,
employment, health insurance, and access to health care.
Other unmeasured social determinants, such as neighbor-
hood and physical environment, access to healthy foods,
and social integration, were not included in this analysis
but seem likely to play an important role in racial and
ethnic differences.11,12,31

Socioeconomic factors, such as educational attainment
and family income level, are important social determinants
of cardiovascular disease.27,31 Low socioeconomic status,
based on household income, education, and employment
status, was associated with multivariable-adjusted hazard
ratios of 2.3 for cardiovascular disease mortality and 1.7 for
cardiovascular disease incidence in the UK Biobank cohort.32

Limitations
This study has several limitations. First, NHANES comprises
a series of cross-sectional surveys, so longitudinal changes
in cardiovascular risk factors at an individual level could not
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be evaluated. Second, fasting plasma glucose, serum LDL
cholesterol, and triglycerides were available for only a
subsample of participants. Third, the physical activity ques-
tionnaire and dietary intake assessment methods were
changed between 1999 and 2018. Therefore, direct com-
parisons in physical activity and dietary intake among sur-
vey cycles were not feasible. Fourth, the Pooled Cohort
Equations were not validated in Hispanic or Asian popula-
tions. In addition, Hispanic and Asian participants were
aggregated into single categories although there were het-
erogeneities within these racial and ethnic groups. Fifth,
due to small sample size, other races were not included

in this analysis. Sixth, many important social determinants
of health were not measured and could not be included in
this analysis.

Conclusions
In this serial cross-sectional survey study that estimated US
trends in cardiovascular risk factors from 1999 through 2018,
differences in cardiovascular risk factors persisted between
Black and White participants; the difference may have been
moderated by social determinants of health.
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