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IMPORTANCE Declines in cardiovascular mortality have stagnated in the US over the past
decade, in part related to worsening risk factor control in older adults. Little is known about
how the prevalence, treatment, and control of cardiovascular risk factors have changed
among young adults aged 20 to 44 years.

OBJECTIVE To determine if the prevalence of cardiovascular risk factors (hypertension,
diabetes, hyperlipidemia, obesity, and tobacco use), treatment rates, and control changed
among adults aged 20 to 44 years from 2009 through March 2020, overall and by sex and
race and ethnicity.

DESIGN, SETTING, AND PARTICIPANTS Serial cross-sectional analysis of adults aged 20 to 44
years in the US participating in the National Health and Nutrition Examination Survey
(2009-2010 to 2017–March 2020).

MAIN OUTCOMES AND MEASURES National trends in the prevalence of hypertension, diabetes,
hyperlipidemia, obesity, and smoking history; treatment rates for hypertension and diabetes;
and blood pressure and glycemic control in those receiving treatment.

RESULTS Among 12 924 US adults aged 20 to 44 years (mean age, 31.8 years; 50.6% women),
the prevalence of hypertension was 9.3% (95% CI, 8.1%-10.5%) in 2009-2010 and 11.5%
(95% CI, 9.6%-13.4%) in 2017-2020. The prevalence of diabetes (from 3.0% [95% CI,
2.2%-3.7%] to 4.1% [95% CI, 3.5%-4.7%]) and obesity (from 32.7% [95% CI, 30.1%-35.3%] to
40.9% [95% CI, 37.5%-44.3%]) increased from 2009-2010 to 2017-2020, while the
prevalence of hyperlipidemia decreased (from 40.5% [95% CI, 38.6%-42.3%] to 36.1%
[95% CI, 33.5%-38.7%]). Black adults had high rates of hypertension across the study period
(2009-2010: 16.2% [95% CI, 14.0%-18.4%]; 2017-2020: 20.1% [95% CI, 16.8%-23.3%]),
and significant increases in hypertension were observed among Mexican American adults
(from 6.5% [95% CI, 5.0%-8.0%] to 9.5% [95% CI, 7.3%-11.7%]) and other Hispanic adults
(from 4.4% [95% CI, 2.1%-6.8%] to 10.5% [95% CI, 6.8%-14.3%]), while Mexican American
adults had a significant rise in diabetes (from 4.3% [95% CI, 2.3%-6.2%] to 7.5% [95% CI,
5.4%-9.6%]). The percentage of young adults treated for hypertension who achieved blood
pressure control did not significantly change (from 65.0% [95% CI, 55.8%-74.2%] in
2009-2010 to 74.8% [95% CI, 67.5%-82.1%] in 2017-2020], while glycemic control among
young adults receiving treatment for diabetes remained suboptimal throughout the study
period (2009-2010: 45.5% [95% CI, 27.7%-63.3%]) to 2017-2020: 56.6% [95% CI,
39.2%-73.9%]).

CONCLUSIONS AND RELEVANCE In the US, diabetes and obesity increased among young adults
from 2009 to March 2020, while hypertension did not change and hyperlipidemia declined.
There was variation in trends by race and ethnicity.
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I n the US, declines in cardiovascular mortality have stag-
nated over the last decade. One concerning possibility be-
hind these trends is that they may reflect changes in the

burden of cardiovascular risk factors.1 Onset of cardiovascu-
lar risk factors early in life is associated with a higher risk of
cardiovascular disease and events, resulting in substantial loss
of disability-adjusted life-years and years of life.2,3 There-
fore, a rise in the burden of cardiovascular risk factors among
young adults could have major public health implications as
the US population ages.

Despite emerging concerns about the cardiovascular
health of young adults, little is known about how the preva-
lence of risk factors has changed in this segment of the popu-
lation on a national scale. Prior studies examining cardiovas-
cular risk factor prevalence in the US have not focused on
adults aged 20 to 44 years nor changes by sex and race and
ethnicity within this young population.4-6 Recent analyses
suggest a rise in prediabetes among adolescents and obesity
among the youngest adults (aged 18-25 years).7,8 In addition,
shifts in guidelines from the American College of Cardiology
and American Heart Association (ACC/AHA),9-11 along with
health policy initiatives (eg, Medicaid expansion under the
Affordable Care Act) that expanded access to insurance cov-
erage and health care for young adults,12-16 have likely influ-
enced population-level treatment rates and risk factor con-
trol. Understanding trends in cardiovascular risk factor
prevalence, treatment, and control among young adults is
critical from a public health standpoint given recent data sug-
gesting that cardiovascular disease and death rates may now
be increasing in this population.17-19

Therefore, in this study, we analyzed more than a decade
of data from the National Health and Nutrition Examination
Survey (NHANES) to answer 3 questions. First, how did the
prevalence of cardiovascular risk factors (hypertension, dia-
betes, hyperlipidemia, obesity, and tobacco use) change among
adults aged 20 to 44 years from 2009 through March 2020?
Second, did these trends vary by sex and race and ethnicity?
And third, did risk factor treatment rates and control improve
or deteriorate over this period?

Methods
Study Population
We included data from NHANES survey cycles 2009-2010 to
2017–March 2020 (N = 55 999). NHANES uses a complex, mul-
tistage probability sampling design to generate nationally rep-
resentative estimates of health in the noninstitutionalized US
population. The survey is conducted in 2-year cycles by the
Centers for Disease Control and Prevention (CDC). Data are col-
lected through in-person interviews and medical examina-
tions, which include physical examinations and laboratory
measurements. Because NHANES was suspended during the
COVID-19 pandemic, data were collected only until March
2020. To ensure nationally representative estimates, the CDC
combined cycles 2017-2018 and 2019-2020.

We identified adults aged 20 to 44 years who partici-
pated in NHANES from January 2009 to March 2020. Age,

sex, and race and ethnicity were determined by self-report to
closed-ended questions. Races and ethnicities included non-
Hispanic Asian, non-Hispanic Black, Mexican American,
other Hispanic, and non-Hispanic White. Other Hispanic
adults included those self-reporting as Hispanic but not as
Mexican American. Individuals who did not identify as one
of the aforementioned racial or ethnic groups, or who identi-
fied as multiracial, were recorded as other race or ethnicity in
NHANES. Nationally representative estimates for Asian
adults were made available by NHANES starting in 2011-2012.
NHANES is approved by the National Center for Health Statis-
tics Institutional Review Board. Written informed consent
was obtained from participants. Data are made publicly avail-
able by the CDC.

Outcomes
We examined the prevalence of cardiovascular risk factors,
including hypertension, diabetes, hyperlipidemia, obesity,
and smoking history, based on medical examination data
(systolic blood pressure, diastolic blood pressure, hemoglo-
bin A1c, total cholesterol, and body mass index). Blood pres-
sure was obtained by having participants rest quietly for 5
minutes, after which 3 measurements were taken. The mean
of these 3 measurements was assigned as participants’ blood
pressure. Hemoglobin A1c and total cholesterol were obtained
by nonfasting laboratory measurement. Body mass index
was obtained by measurement of weight and standing height
and calculated as weight in kilograms divided by height in
meters squared. Definitions for each cardiovascular risk fac-
tor were based on prior US Department of Health and Human
Services and CDC reports to ensure consistency with prior
health surveillance reports.20,21 Hypertension was defined as
a systolic blood pressure of 140 mm Hg or greater, diastolic
blood pressure of 90 mm Hg or greater, or a prescription for
antihypertensive therapy.4,22 Diabetes was defined as a
hemoglobin A1c of 6.5% or greater or a health care diagnosis

Key Points
Question Did the prevalence of cardiovascular risk factors, as well
as treatment and control rates, change among young adults from
2009 through March 2020?

Findings In this serial cross-sectional study of 12 924 adults aged
20 to 44 years, there were increases in the prevalence of diabetes
(from 3.0% to 4.1%) and obesity (from 32.7% to 40.9%), no
improvement in the prevalence of hypertension (from 9.3% to
11.5%), and a decrease in the prevalence of hyperlipidemia (from
40.5% to 36.1%) from 2009-2010 to 2017-2020. Black young
adults had the highest rates of hypertension over the study period,
and increases in hypertension were observed among Mexican
American and other Hispanic adults, while Mexican American
adults experienced a significant rise in diabetes. Blood pressure
control did not significantly change among young adults treated
for hypertension, while glycemic control remained suboptimal
throughout the study period.

Meaning These data show a high and rising burden of most
cardiovascular risk factors in young US adults, especially for Black,
Hispanic, and Mexican American individuals.
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of diabetes. Hyperlipidemia was defined as a total cholesterol
of 200 mg/dL or greater or a health care diagnosis of high
cholesterol. Obesity was defined as a body mass index of 30
or greater. Smoking history was defined as self-report of
smoking at least 100 cigarettes ever. Uniform definitions for
all outcomes were used over the study period.

We also examined cardiovascular risk factor treatment
and control rates. Treatment in adults with hypertension was
defined as a self-report of taking antihypertensive medica-
tions. Treatment in adults with diabetes was defined as a
self-report of taking pills for diabetes or insulin. Control was
assessed among adults receiving treatment for each respec-
tive condition, consistent with prior reports.4,15 Hypertension
was considered controlled if systolic blood pressure was less
than 140 mm Hg and diastolic blood pressure was less than
90 mm Hg. Because the 2017 ACC/AHA guidelines recently
lowered blood pressure targets for young adults from less
than 140/90 mm Hg to less than 130/80 mm Hg, we also
assessed control rates using this more stringent goal. Diabe-
tes was considered controlled if hemoglobin A1c was less than
7%.9,23 We did not assess treatment (or control) in young
adults with hyperlipidemia given major changes in guideline
recommendations over the study period that shifted away
from lipid-level targets for treatment.10,24

Statistical Analysis
We first determined baseline characteristics of adults aged
20 to 44 years and estimated the annual prevalence of each
cardiovascular risk factor, as well as treatment and control
rates among those with a diagnosis of hypertension or diabe-
tes, from survey cycles 2009-2010 to 2017–March 2020.
Age-adjusted means of each outcome were determined
with direct standardization using the 2010 US population as
a reference (aged 20-32 years and aged 33-44 years). Trends
in each age-adjusted outcomes were assessed with survey-
weighted linear regression. We then repeated this analysis
to estimate the prevalence of each cardiovascular risk factor
by sex and race and ethnicity. To provide a contemporary
assessment of the prevalence of risk factors by subgroups,
we pooled the most recent NHANES cycles (2015-2016 and
2017–March 2020). We then fit multivariable logistic regres-
sion models to compare risk factor prevalence across sub-
groups of sex (after adjustment for age and race and ethnic-
ity), as well as race and ethnicity (after adjustment for age
and sex). Confidence intervals were determined by Taylor
series linearization. For all analyses, NHANES survey
weights, which account for the complex, cluster-stratified
design of NHANES, were used to calculate nationally repre-
sentative estimates.25

Complete case analysis by outcome was done, and
imputation for missing values was not performed. Missing-
ness rates were 8.9% for blood pressure, 5.9% for hemo-
globin A1c, 6.9% for total cholesterol, less than 1% for
body mass index, and less than 1% for smoking history.
Age, sex, and race and ethnicity had no missing values.
A 2-sided P < .05 was used for all analyses. Analyses were
conducted in R version 4.2.1 (R Foundation) using the “sur-
vey” package.

Results

The study population included 12 924 young adults aged 20
to 44 years (mean age, 31.8 years; 50.6% women), of whom
12.8% were Black, 12.0% Mexican American, 8.0% other His-
panic, 57.2% White, and 10.0% other races and ethnicities
(including Asian; these individuals were included as a sepa-
rate category only starting in 2011). Baseline characteristics
for these adults are presented in Table 1. Nationally repre-
sentative estimates of blood pressure, hemoglobin A1c, total
cholesterol, and body mass index for all young adults and
key subgroups (sex and race and ethnicity) are shown in
eFigures 1-3 in Supplement 1.

Prevalence of Cardiovascular Risk Factors
The age-adjusted prevalence of hypertension among adults
aged 20 to 44 years was 9.3% (95% CI, 8.1%-10.5%) in 2009-
2010 and 11.5% (95% CI, 9.6%-13.4%) in 2017-2020 (P = .09 for
linear trend). In addition, the prevalence of diabetes in-
creased significantly over this period, from 3.0% (95% CI, 2.2%-
3.7%) in 2009-2010 to 4.1% (95% CI, 3.5%-4.7%) in 2017-
2020 (P = .01 for trend), as did obesity (from 32.7% [95% CI,
30.1%-35.3%] in 2009-2010 to 40.9% [95% CI, 37.5%-44.3%]
in 2017-2020; P < .001 for trend). In contrast, the prevalence
of hyperlipidemia significantly decreased from 40.5% (95% CI,
38.6%-42.3%) in 2009-2010 to 36.1% (95% CI, 33.5%-38.7%)
in 2017-2020 (P = .002 for trend), while there was no change
in smoking history (P = .99 for linear trend) (Figure 1).

Trends in the prevalence of cardiovascular risk factors
were largely similar for women and men (eFigure 4 in
Supplement 1), but there was variation by race and ethnicity
(Figure 2). Black adults experienced the highest rates of
hypertension (2009-2010: 16.2% [95% CI, 14.0%-18.4%];
2017-2020: 20.1% [95% CI, 16.8%-23.3%]; P = .24 for trend),
while increases were observed from 2009-2010 to 2017-2020
among Mexican American adults (from 6.5% [95% CI, 5.0%-
8.0%] to 9.5% [95% CI, 7.3%-11.7%]; P = .05 for trend) and
other Hispanic adults (from 4.4% [95% CI, 2.1%-6.8%] to
10.5% [95% CI, 6.8%-14.3%]; P = .01 for trend). Mexican
American adults also experienced a significant increase in
diabetes (from 4.3% [95% CI, 2.3%-6.2%] to 7.5% [95% CI,
5.4%-9.6%]; P = .007 for trend). The prevalence of obesity
did not change in Black adults but significantly increased
across all other racial and ethnic groups (Figure 2).

Treatment and Control Rates
Among adults aged 20 to 44 years with hypertension, age-
adjusted treatment rates did not significantly change, from
56.5% (95% CI, 47.7%-65.3%) in 2009-2010 to 53.7% (95% CI,
47.6%-59.8%) in 2017-2020 (P = .80 for trend) (Figure 3A).
Among those receiving treatment, age-adjusted blood pres-
sure control rates did not significantly change, from 65.0%
(95% CI, 55.8%-74.2%) in 2009-2010 to 74.8% (95% CI, 67.5%-
82.1%) in 2017-2020 (P = .91 for trend) (Figure 3B). Treat-
ment and control rates for hypertension were lower across all
years when defined using new blood pressure targets from the
recent 2017 ACC/AHA guidelines, although trends over time
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Table 1. Baseline Characteristics of the Study Population in the National Health and Nutrition Examination Survey (NHANES),
2009-2010 to 2017–March 2020a

Characteristics

NHANES cycle, % (95% CI)

2009-2010
(n = 2584)

2011-2012
(n = 2328)

2013-2014
(n = 2414)

2015-2016
(n = 2324)

2017–March 2020
(n = 3274)

Age, median (IQR), y 32 (26-39) 32 (25-38) 32 (25-38) 31 (26-38) 32 (25-38)

Sex

Female 50.7 (48.9-52.5) 50.4 (48.3-52.5) 50.8 (49.1-52.5) 51.1 (49.2-52.9) 50.1 (47.9-52.2)

Male 49.3 (47.5-51.1) 49.6 (47.5-51.7) 49.2 (47.5-50.9) 48.9 (47.1-50.8) 49.9 (47.8-52.1)

Race and ethnicityb

Asian 6.1 (4.1-8.0) 6.4 (4.7-8.0) 7.0 (4.2-9.8) 6.9 (4.8-9.0)

Black 12.5 (10.4-14.5) 12.7 (8.2-17.2) 12.7 (8.2-17.2) 12.7 (8.8-16.6) 13.1 (8.1-18.1)

Mexican American 11.7 (6.8-16.6) 11.6 (6.9-16.3) 11.6 (6.9-16.3) 12.8 (8.7-16.9) 12.1 (6.4-17.8)

Other Hispanic 6.7 (3.5-9.9) 8.3 (4.8-11.8) 8.3 (4.8-11.8) 7.4 (4.7-10.2) 8.3 (5.7-10.9)

White 60.6 (53.1-68.1) 58.3 (49.9-66.7) 58.3 (49.9-66.7) 56.9 (49.6-64.3) 55.4 (46.7-64.1)

Other races
and ethnicities

8.6 (5.9-11.3) 3.1 (2.1-4) 3.8 (2.4-5.2) 4.1 (3.3-4.9) 4.4 (3.5-5.2)

Education

High school or less 39.1 (35.0-43.2) 33.0 (26.6-39.5) 36.3 (31.9-40.7) 33.8 (28.6-39.0) 35.9 (31.4-40.4)

Some college 32.6 (30.7-34.5) 36.1 (30.8-41.3) 35.0 (32.9-37.1) 33.6 (29.3-37.9) 31.4 (28.8-34.1)

College graduate 28.3 (24.7-31.9) 30.9 (25.5-36.2) 28.7 (24.4-33.1) 32.6 (26.1-39.0) 32.6 (27.4-37.9)

Health insurancec

Private 57.8 (55.2-60.4) 57.3 (52.5-62.0) 58.4 (54.6-62.2) 59.0 (54.0-64.1) 56.8 (53.3-60.3)

Medicare 0.5 (0.3-0.7) 1.2 (0.4-1.9) 1.1 (0.4-1.7) 1.0 (0.4-1.5) 1.5 (1.1-1.9)

Medicaid 5.9 (4.6-7.2) 6.5 (4.4-8.7) 8.4 (6.7-10.1) 8.4 (5.6-11.1) 12.5 (9.6-15.3)

Other 5.9 (4.0-7.7) 6.5 (4.4-8.6) 5.9 (4.5-7.2) 10.8 (9.3-12.2) 9.5 (8.0-11.0)

Uninsured 29.9 (27.0-32.7) 28.5 (24.5-32.5) 26.3 (23.1-29.5) 20.9 (16.6-25.1) 19.7 (16.5-23.0)

Ratio of family income
to poverty, %d

<100 19.5 (16.7-22.2) 23.2 (17.5-28.9) 20.2 (16.4-24.1) 17.1 (14.0-20.2) 15.9 (13.4-18.3)

100-199 21.1 (18.9-23.4) 22.0 (19.0-25.0) 22.4 (20.4-24.4) 23.1 (19.6-26.6) 20.3 (17.1-23.5)

200-299 15.6 (13.5-17.7) 13.0 (10.8-15.3) 16.2 (13.8-18.6) 19.7 (16.2-23.3) 15.7 (13.3-18.0)

≥300 43.8 (41.6-46.0) 41.7 (35.1-48.4) 41.1 (35.7-46.6) 40.1 (33.9-46.3) 48.2 (43.5-52.8)

Regular exercisee 33.0 (29.3-36.7) 37.3 (31.3-43.3) 34.7 (31.9-37.6) 41.4 (37.6-45.2) 40.8 (37.2-44.5)

Recent weight gainf 40.2 (37.6-42.7) 38.0 (34.9-41.2) 39.5 (36.6-42.4) 40.1 (37.3-42.8) 40.0 (38.1-41.9)

Recent dietingf 19.9 (17.8-21.9) 19.8 (17.4-22.2) 22.3 (20.6-24.0) 24.4 (22.6-26.3) 26.6 (24.1-29.0)

Body mass indexg

<18.5 (Underweight) 1.9 (1.4-2.5) 2.4 (1.7-3.1) 1.6 (1.1-2.1) 2.0 (1.4-2.7) 2.0 (1.3-2.7)

18.5-24.9 (Normal) 34.3 (30.8-37.8) 34.3 (29.2-39.5) 32.2 (29.6-34.8) 31.3 (27.8-34.9) 29.4 (26.4-32.3)

25-29.9 (Overweight) 30.9 (28.8-33.0) 31.0 (27.3-34.7) 30.0 (28.7-31.4) 29.1 (27.1-31) 27.6 (25.9-29.3)

≥30 (Obese) 32.8 (30.2-35.5) 32.3 (29.2-35.4) 36.2 (33.5-38.9) 37.6 (33.7-41.5) 41.0 (37.6-44.4)

Blood pressure, mm Hgh

Systolic

<120 69.2 (67.1-71.3) 67.2 (63.8-70.6) 69.3 (66.7-71.9) 62.8 (59.7-65.9) 68.9 (66.2-71.6)

120-139 26.9 (24.6-29.3) 29.1 (26.4-31.9) 26.1 (23.2-29.0) 32.9 (30.0-35.8) 27.7 (25.2-30.3)

≥140 3.9 (3-4.8) 3.7 (2.8-4.6) 4.6 (3.6-5.6) 4.3 (3.2-5.3) 3.4 (2.8-4.0)

Diastolic

<80 83.0 (80.4-85.5) 80.9 (77.6-84.1) 86.8 (85.8-87.8) 84.4 (81.4-87.5) 76.5 (73.9-79.2)

80-89 13.3 (11.2-15.5) 15.0 (12.0-18.0) 10.2 (9.1-11.4) 12.1 (9.3-14.8) 17.6 (15.6-19.6)

≥90 3.7 (2.9-4.5) 4.1 (3.2-5) 3 (2.3-3.6) 3.5 (2.6-4.5) 5.9 (4.7-7.0)

Hemoglobin A1c, %h,i

<6.5 97.7 (96.9-98.5) 96.8 (95.9-97.7) 97.2 (96.6-97.9) 96.8 (95.8-97.8) 97.2 (96.6-97.8)

6.5-7.9 1.1 (0.6-1.6) 1.3 (0.9-1.8) 1.5 (0.8-2.1) 1.6 (1-2.2) 1.6 (1.2-1.9)

≥8.0 1.2 (0.7-1.7) 1.9 (1.1-2.6) 1.3 (0.9-1.7) 1.6 (1-2.2) 1.2 (0.8-1.7)

(continued)
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were similar (eFigure 5 in Supplement 1). For adults with dia-
betes, treatment rates did not significantly change over the
study period, from 62.4% (95% CI, 51.2%-73.6%) in 2009-
2010 to 54.5% (95% CI, 42.3%-66.7%) in 2017-2020 (P = .38
for trend) (Figure 3A). Among those receiving treatment for dia-
betes, glycemic control rates did not significantly improve from
2009-2010 (45.5% [95% CI, 27.7%-63.3%]) to 2017-2020 (56.6%
[95% CI, 39.2%-73.9%]) (P = .22 for trend) (Figure 3B). Treat-
ment and control rates by sex were largely similar for both con-
ditions and are shown in eFigure 6 in Supplement 1, but could
not be examined by race and ethnicity due to small sample size.
We also evaluated treatment rates specifically among adults
who were aware of their diagnosis (hypertension or diabe-
tes), which are shown in eFigure 7 in Supplement 1.

Comparison of Cardiovascular Risk Factor Prevalence
by Sex and by Race and Ethnicity
From 2015 to 2020, the adjusted prevalence of hypertension
was higher in men compared with women (14.1% vs 8.6%; ad-
justed odds ratio [OR], 1.88 [95% CI, 1.55-2.29]; P < .001), as
was hyperlipidemia (40.5% vs 32.6%; OR, 1.47 [95% CI, 1.26-
1.71]; P < .001) and smoking history (46.6% vs 32.7%; OR, 1.86
[95% CI, 1.61-2.16]; P < .001). However, there was no signifi-
cant differences in the prevalence of diabetes or obesity be-
tween men and women (Table 2).

Across racial and ethnic subpopulations, the adjusted
prevalence of hypertension was significantly higher among
Black adults compared with White adults (19.3% vs 10.7%; OR,
2.12 [95% CI, 1.57-2.86]; P < .001), while Mexican American
adults and other Hispanic adults had similar prevalence rates.
In addition, when compared with White adults, the preva-
lence of diabetes was higher among Black adults (6.4% vs 3.4%;
OR, 1.91 [95% CI, 1.28-2.86]; P = .003) and Mexican American

adults (7.7% vs 3.4%; OR, 2.48 [95% CI, 1.60-3.82]; P < .001),
as was the prevalence of obesity (Black adults, 45.4%, vs White
adults, 38.8%; OR, 1.31 [95% CI, 1.08-1.60]; P = .01; Mexican
American adults, 48.7%, vs White adults, 38.8%; OR, 1.52
[95% CI, 1.24-1.86]; P < .001). In contrast, the prevalence of hy-
perlipidemia was similar across all racial and ethnic subpopu-
lations, while White adults were more likely to have a smok-
ing history than all other racial and ethnic groups (Table 2).

Discussion
In the US, the prevalence of diabetes and obesity increased
among adults aged 20 to 44 years from 2009 to March 2020,
while the prevalence of hypertension did not improve. In
contrast, the prevalence of hyperlipidemia decreased over
the study period. Black adults consistently experienced the
highest rates of hypertension, and significant increases were
observed among Mexican American adults and other His-
panic adults, while Mexican American adults also experi-
enced a significant rise in diabetes. Although rates of medical
treatment for hypertension and diabetes did not improve
among young adults, blood pressure control was stable,
while glycemic control remained suboptimal throughout the
study period.

The national increases in diabetes and obesity among young
adults in the US have major public health implications. The rise
in obesity—to more than 40% in young adults18,19—corresponds
with increases in sedentary behaviors over the same period
and likely contributed to other cardiometabolic trends
observed in our study.26 The prevalence rates for hyperten-
sion also increased from 9.3% to 11.5%, although this change
did not reach statistical significance (P = .09). In contrast,

Table 1. Baseline Characteristics of the Study Population in the National Health and Nutrition Examination Survey (NHANES),
2009-2010 to 2017–March 2020a (continued)

Characteristics

NHANES cycle, % (95% CI)

2009-2010
(n = 2584)

2011-2012
(n = 2328)

2013-2014
(n = 2414)

2015-2016
(n = 2324)

2017–March 2020
(n = 3274)

Total cholesterol, mg/dLh,i

<200 64.4 (62.8-66.1) 66.3 (63.5-69.1) 69.0 (65.4-72.6) 70.4 (67.7-73) 71.9 (69.4-74.4)

200-239 26.2 (24.4-28.1) 25.4 (22.6-28.3) 22.1 (19-25.2) 21.6 (19.7-23.4) 21.5 (19.6-23.4)

≥240 9.3 (8.0-10.6) 8.2 (6.9-9.5) 8.9 (7.5-10.3) 8.1 (6.5-9.7) 6.6 (5.3-7.9)

SI conversion: To convert total cholesterol to millimoles per deciliter, multiply by
0.0259.
a Nationally representative estimates of US adults aged 20 to 44 years from

NHANES, 2009 to March 2020. Age, sex, education, health insurance
coverage, and smoking history are based on self-report.

b Race and ethnicity were based on self-report to closed-ended questions.
Asian, Black, and White adults included only those self-reporting as
non-Hispanic. Participants were able to self-identify as multiple races. Other
races and ethnicities included participants responding as multiracial or as a
race or ethnicity group that was not listed. Other races and ethnicities included
Asian adults prior to 2011-2012; NHANES began separately reporting this
group only from 2011-2012 onward.

c Health insurance was based on self-report. Other health insurance category
includes Medigap, State Children’s Health Insurance Program, military health
care, Indian Health Service, state-sponsored health plans, other government,
single service, and unknown insurance plans.

d Family income was based on self-report. The federal poverty level for a family
of 4 was $26 200 in 2020.

e Defined as affirmative response to engaging in vigorous exercise within
a typical week.

f Defined as an affirmative response within the last year.
g Body mass index was based on physical examination of height and weight,

defined as weight in kilograms divided by height in meters squared.
Categories (underweight, normal weight, overweight, and obese weight)
were based on standard Centers for Disease Control and Prevention
classifications.

h Blood pressure, hemoglobin A1c, and total cholesterol were based on physical
or laboratory measurements.

i Diabetes is defined as a hemoglobin A1c of �6.5% and hyperlipidemia as
a total cholesterol level of �200 mg/dL.
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Figure 1. Age-Adjusted Trends in the Prevalence of Hypertension, Diabetes, Hyperlipidemia, Obesity, and Smoking History Among US Adults
Aged 20 to 44 Years, 2009-2010 to 2017–March 2020
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Nationally representative estimates of the prevalence of cardiovascular risk
factors among US adults aged 20 to 44 years from the National Health and
Nutrition Examination Survey (NHANES), 2009 to March 2020. Whiskers
indicate 95% confidence intervals.
a Hypertension was defined as systolic blood pressure of �140 mm Hg, diastolic

blood pressure of �90 mm Hg, or a prescription for antihypertensive therapy.
b Diabetes was defined as a hemoglobin A1c of �6.5% or a health care diagnosis

of diabetes.

c Hyperlipidemia was defined as total cholesterol level of �200 mg/dL or
a health care diagnosis of high cholesterol.

d Obesity was defined as body mass index of �30 (calculated as weight in
kilograms divided by height in meters squared).

e Smoking history was defined as self-report of smoking at least 100
cigarettes ever.
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there was a decrease in the prevalence of hyperlipidemia,
potentially reflecting greater regulation on the use of trans-
fatty acids and other partially hydrogenated oils.27,28 Overall,
our findings highlight the need to intensify public health and

clinical interventions focused on primordial and primary pre-
vention for young adults,1,29 given evidence that cardiovas-
cular disease mortality may now be rising in this population,
as well as the potential adverse long-term public health

Figure 2. Age-Adjusted Trends in the Prevalence of Hypertension, Diabetes, Hyperlipidemia, Obesity, and Smoking History Among US Adults
Aged 20 to 44 Years by Race and Ethnicity, 2009-2010 to 2017–March 2020
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Nationally representative estimates of US adults aged 20 to 44 years from the
National Health and Nutrition Examination Survey (NHANES), 2009 to March
2020. Estimates are shown by race and ethnicity; whiskers indicate 95%
confidence intervals. Race and ethnicity were based on self-report to
closed-ended questions. Asian, Black, and White adults included only those

self-reporting as non-Hispanic. Other Hispanic adults included those
self-reporting as Hispanic but not as Mexican American. Data for Asian adults
were collected only from 2011 onward. For definitions of hypertension,
diabetes, hyperlipidemia, obesity, and smoking history, see Figure 1 legend.
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impact of these trends in risk factors on lifetime rates of
acute myocardial infarction, stroke, and heart failure.17-19,30

We also observed significant variation in cardiovascular risk
factors across racial and ethnic groups. For example, hyper-
tension prevalence in young Black adults was more than 2 times
higher than in all other racial and ethnic groups, with no im-
provement over the study period. Black adults have high rates
of stroke, heart failure, and hypertensive kidney disease,31-33

as well as the highest premature cardiovascular mortality rates
in the country, in part due to a high burden of hypertension.34

The etiology of these inequities is multifactorial but likely in-
cludes disparities in early-life exposures, access to health care,
and other factors rooted in structural racism.35 Scalable and re-
alistic solutions are needed. The expansion of tailored com-
munity-based programs (eg, pharmacist-led interventions in
Black barbershops)36 and large-scale health system initiatives
that screen for and treat uncontrolled blood pressure for young
Black adults,37 in combination with efforts to address socio-
economic factors (eg, poverty), community factors (eg, access
to primary care), and environmental factors (eg, green space
for regular exercise), could help reduce disparities in hyper-
tension for this population.38-42

Mexican American young adults and other Hispanic young
adults experienced a significance increase in the prevalence
of hypertension over the study period. One potential expla-
nation for these trends is that food insecurity is common in
these groups,43 resulting in very high sodium intake.44 Mexican
American adults also experienced a rise in diabetes,43 which
is especially concerning because rates of undiagnosed diabe-
tes are high in this population.45 These patterns likely reflect
the high and rising burden of obesity in this population, large
increases in the consumption of ultraprocessed foods,46 and
socioeconomic factors, including barriers in access to insur-

ance and healthy foods.43,47,48 Community-informed, cultur-
ally appropriate public health efforts to address the rise in dia-
betes among Mexican American adults are needed, given that
the onset of diabetes at a young age is associated with higher
rates of complications (eg, cardiovascular disease, kidney dis-
ease, retinopathy) and poorer quality of life.49

Only approximately 55% of young adults with hyperten-
sion were receiving antihypertensive treatment at both the be-
ginning and end of the study period, while blood pressure con-
trol among those receiving treatment did not change. Nearly
1 in 4 young adults treated for hypertension were unable to
achieve a blood pressure target less than 140/90 mm Hg, sug-
gesting inadequate intensification of treatment.50 In addi-
tion, a 2017 guideline statement by the ACC/AHA changed
blood pressure targets for young adults to lower thresholds
(<130/80 mm Hg).51 The proportion of adults with uncon-
trolled hypertension based on newer guidelines was substan-
tially higher (>75% in 2017–March 2020), and achieving these
lower blood pressure goals will require large increases in
screening, treatment, and monitoring.

Similar to hypertension, treatment rates for diabetes
were suboptimal, with about 1 in 2 young adults with diabe-
tes on therapy. This may partially reflect that guidelines have
historically emphasized an age-based approach to diabetes
screening and often have not recommended screening for
adults until age 35 years, resulting in undiagnosed diabetes.52

We found that nearly half of young adults receiving treat-
ment for diabetes had poor glycemic control (hemoglobin A1c

>7%). Given the high rates of diabetes complications in the
US, identifying and mitigating risk in younger adults could
have downstream implications for cardiovascular health53 as
well as other diabetes-related illnesses such as kidney dis-
ease, infection, and cancer.

Figure 3. Age-Adjusted Trends in Hypertension and Diabetes Treatment and Control Among US Adults Aged 20 to 44 Years,
2009-2010 to 2017–March 2020
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for blood pressure and was assessed among adults with hypertension
(n = 1408). Treatment of diabetes was defined as a self-report of taking

diabetes pills or insulin and was assessed among adults with diabetes
(n = 631).

b Control was assessed among adults receiving treatment, consistent with prior
reports (n = 693 for hypertension and n = 350 for diabetes).12,13 Hypertension
was considered controlled if systolic blood pressure was <140 mm Hg and
<90 mm Hg, diabetes was considered controlled if hemoglobin A1c was <7%.
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Limitations
There are limitations to this study. First, the response rate for
NHANES declined over the study period. However, NHANES
sampling weights account for nonresponse bias and were used
in our study. Second, treatment data were based on self-
report, which is subject to recall bias and thus could lead to
underestimation of treatment rates. Third, because of the rela-
tively small sample size for analyses of treatment and control
rates, the study may have lacked power to detect small changes.
Fourth, we were unable to perform some subgroup analyses
of treatment and control by race or ethnicity due to small
sample sizes, which remains an important area for future re-
search. Fifth, although we defined risk factor control using tar-
gets from recent clinical guidelines, recommendations for hy-
pertension changed in 2017, which may have affected both
diagnosis and treatment in clinical practice. However, we ob-
served no significant changes in the prevalence, treatment, or

control of hypertension in 2017-2020 compared with the pre-
ceding 2015-2016 NHANES cycle. We also performed addi-
tional analyses assessing treatment and control rates using
lower blood pressure targets defined by the 2017 ACC/AHA
guidelines, which demonstrated trends consistent with our
main results.9 Sixth, we report trends through March 2020, and
it is unclear whether these patterns have continued through
2022, given the impact of the COVID-19 pandemic on health
behaviors and disruptions in care.54-56

Conclusions
In the US, diabetes and obesity increased among young adults
from 2009 to March 2020, while hypertension did not change
and hyperlipidemia declined. There was variation in trends by
race and ethnicity.
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