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Abstract

Introduction: There are little contemporary data about cardiovascular risk factors among young adults. We defined

trends in diabetes mellitus (DM), hypertension, and hypercholesterolemia in American adults aged 18–44 years.

Methods: The National Health and Nutrition Examination Study serial cross-sectional surveys were used to define

three time periods: 2005–2008, 2009–2012, and 2013–2016. Age-adjusted weighted trends of prevalence, awareness,

treatment, and control of DM, hypertension, and hypercholesterolemia were calculated by linear regression modelling in

the overall sample, males, and females. Trends were calculated after adjustment for age, race, body mass index, smoking

status, education attainment, income, insurance status, and number of healthcare visits.

Results: From 2005–2008 to 2013–2016, 15,171 participants were identified. DM prevalence was stable �3%, hyper-

tension prevalence was stable �11.0%, and hypercholesterolemia prevalence declined from 11.5% to 9.0% (ptrend¼ 0.02).

DM awareness stayed stable between 61.1 and 74.1%, hypertension awareness increased from 68.7 to 77.7%

(ptrend¼ 0.05), and hypercholesterolemia awareness was stable between 46.8 and 54.1%. DM and hypertension treat-

ment improved markedly (ptrend< 0.001 and 0.05, respectively) but the hypercholesterolemia treatment was stable

�30%. DM control improved across survey periods (7.7–17.4%, ptrend¼ 0.04) but hypertension control (�50%) and

hypercholesterolemia control (�13%) remained stable. Prevalence, awareness, treatment, and control trends also dif-

fered between males and females.

Conclusions: There is a stable prevalence of DM, high and stable prevalence of hypertension, and declining prevalence

of hypercholesterolemia among young Americans. Despite stable or increasing awareness of diabetes and hypertension,

there are inadequate treatment and control trends for DM, hypertension, and hypercholesterolemia.
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Introduction

Cardiovascular disease afflicts >90 million Americans
over the age of 20.1 Although the burden of cardiovas-
cular risk factors and diseases is well-established in the
middle-aged and elderly populations, there are fewer
data about the state of cardiovascular health amongst
young adults.2

Prior data suggest that the burden of coronary
artery disease equivalents such as stroke3 and myocar-
dial infarction1 is rising amongst young adults.
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Additionally, significant proportions of young and
early middle-aged adults have uncontrolled risk factors
at the time of their index event.2,4 This contrasts with
suggestions that there is a declining overall prevalence
in cardiovascular risk factors in the general popula-
tion.5 These disparities in the cardiovascular risk
factor trends are accompanied by a suggestion that
the prevalence of risk factors such as diabetes mellitus,
hypertension, and hypercholesterolemia is rising and
awareness is low amongst young American adults.6

However, little is known about the treatment and con-
trol of these cardiovascular risk factors in the contem-
porary era.

We sought to evaluate prevalence trends for diabetes
mellitus, hypertension, and hypercholesterolemia in the
general American population of adults aged 18–44. We
hypothesized that the prevalence of diabetes mellitus,
hypertension, and hypercholesterolemia were rising and
that there were differences in awareness, prevalence,
and control across sex. We present the results of an
investigation that employs the National Health and
Nutrition Examination Study (NHANES) surveys to
investigate these hypotheses.

Methods

Data source

The NHANES is a series of cross-sectional, multi-
stage probability surveys of the non-military and
non-institutionalized individuals from the US.7 The
NHANES protocols have been published previously.7–10

The NHANES is conducted by the National Center for
Health Statistics/Centers for Disease Control and
Prevention once every two years.7 During each
NHANES cycle, all survey participants undergo a tele-
phonic interview and health examination.7 The inter-
view involves a series of questionnaires on food
intake and health conditions such as the awareness
about cardiovascular disease and the use of medica-
tions.7 Participants who agree to a mobile examination
undergo the measurement of vital signs, including
blood pressure, and venous blood collection for labora-
tory testing.7 The study complies with the Declaration
of Helsinki.

Study population

We used data from six consecutive NHANES cycles
(2005–2016) to estimate trends in the prevalence of
diabetes mellitus, hypertension, and hypercholesterol-
emia among American adults aged 18–44 years. We
excluded participants who were pregnant, aged <18
or �45 years, or those who lacked data from the
mobile examination.

Data measures

Standardized NHANES laboratory methods were
used to assess blood glucose and cholesterol levels,
as described in Supplementary Methods 1.9–11

Diabetes mellitus was defined as a fasting plasma
glucose �126mg/dL (�6.99mmol/L) after �8 hours
of fasting, non-fasting plasma glucose �200mg/dL
(�11.1mmol/L), plasma hemoglobin A1C (HbA1c)
�6.5%, self-reported history of diabetes mellitus, or
current use of oral hypoglycemics or insulin.6

Borderline diabetes mellitus was defined as a fasting
plasma glucose 100–125mg/dL (5.55-6.99mmol/L)
after �8 hours of fasting, or plasma HbA1c 5.7–6.5%
without taking medication or insulin for diabetes.6

Hypertension was defined as mean systolic blood
pressure �140mmHg, mean diastolic blood pressure
�90mmHg, or current use of antihypertensive medica-
tions. This was in line with the 2014 guidelines.6,12 Pre-
hypertension was defined as a systolic blood pressure
of 120–139mmHg or mean diastolic blood pressure of
80–89mmHg among those without hypertension. The
remaining participants were categorized as normoten-
sive. Systolic and diastolic blood pressure measure-
ments were performed during the mobile examination
by trained personnel using a standard protocol.
Antihypertensive medication usage was self-reported.

Hypercholesterolemia was defined as total choles-
terol of �240mg/dL (�6.21mmol/L). Borderline chol-
esterol was defined as total cholesterol of 200–239mg/
dL (5.17–6.20mmol/L). These definitions were chosen
on the basis of the American Heart Association’s
(AHA) Life’s Simple Seven definitions for poor and
intermediate health, respectively.13 The definitions of
awareness, treatment, and control of diabetes mellitus,
hypertension, and hypercholesterolemia are outlined in
Supplementary Methods 2.

Body mass index (BMI), smoking, physical activity,
and healthy diet prevalence trends were also calculated
as per the AHA Life’s Simple Seven recommendations
(Supplementary Methods 5). These trends were evalu-
ated in the overall sample and in the subgroups of
patients with diabetes mellitus, hypertension, and
hypercholesterolemia.

Statistical analysis

NHANES data were analyzed using the survey proced-
ures in SAS version 9.4 (SAS Institute Inc., Cary, NC)
accounting for complex survey design. To estimate car-
diovascular risk factor prevalence trends among US
adults aged 18–44 years, NHANES cycles were
merged into three groups: 1) 2005–2008, 2) 2009–
2012, and 3) 2013–2016. To generate the national esti-
mates, full sample examination weights for four years
were used, as recommended by NHANES. The direct
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method, utilizing the 2000 census population propor-
tions for the age groups of 18–25, 26–34, and 35–44
years, were used to estimate the age-standardized
prevalence of risk factors in the overall population
and by sex. Similarly, the age-adjusted prevalence of
awareness, treatment, and control was assessed
among sub-groups of participants with diabetes melli-
tus, hypertension, and hypercholesterolemia in the
overall population and by sex. Overall and sub-group
weighted percentage rates with 95% confidence inter-
vals (CIs) were estimated by linear regression models.
The trend p-values were provided as per NHANES
guidance for statistical analysis.14 The overall and
sub-group trend p-values adjusted for age group, race,
BMI, smoking status, income, education attainment,
insurance status, and number of healthcare visits per
year were calculated using linear regression models
for linear trends. Homogeneity of the rates across the
survey cycles was tested for using multivariate-adjusted
regression models with Bonferroni correction for mul-
tiple comparisons. Additionally, a sensitivity analysis
was conducted using the 2017 hypertension guide-
lines.15 A two-sided p-value of <0.05 was used to
assess define statistical significance.

Results

A total of 60,936 participants were identified from the
NHANES 2005–2006 to 2015–2016 cycles. Of these,
45,356 participants were excluded: 2276 participants
lacked data from the mobile examination, 688 women
were pregnant, and 42,392 participants were aged
<18 or �45 years. A total of 409 participants with a
self-reported history of heart failure, coronary artery
disease, angina, myocardial infarction, stroke, or
chronic kidney disease were excluded from the analyses.
The final study was conducted among 15,171 American
adults aged 18–44 years (Supplementary Figure 1 and
Table 1).

Prevalence of diabetes mellitus, hypertension, and
hypercholesterolemia in adults aged 18–44

The prevalence of diabetes mellitus, hypertension, and
hypercholesterolemia in adults aged 18–44 is described
in Table 1.

Diabetes mellitus prevalence rose in the overall
study population from 2.6% (95% CI: 2.1–3.2%; rep-
resenting �2.5 million Americans) in 2005–2008 to
3.6% (95% CI: 2.8–4.3%; representing �3.6 million
Americans) in 2013–2016 (ptrend¼ 0.22; Figure 1(a)).
Pre-diabetes prevalence was stable amongst the overall
population. Diabetes mellitus and pre-diabetes preva-
lence was stable amongst the males and female
sub-groups.

Hypertension prevalence was stable in the overall
population at �11.0% (representing �11.5 million
Americans) (ptrend¼ 0.99; Figure 1(b)). The prevalence
of pre-hypertension also stayed relatively stable at
around �26% (ptrend¼ 0.99). The prevalence of pre-
hypertension was also stable in males and females.
When the 2017 hypertension guidelines were applied,
hypertension prevalence was stable �24.0% in the
overall population (Supplementary Table 1).

Hypercholesterolemia prevalence declined in the
overall study population from 11.5% (95% CI: 10.1–
12.8%; representing �12 million Americans) in 2005–
2008 to 9.0% (95% CI: 7.7–10.3%; representing �9.5
million) in 2013–2016 (ptrend¼ 0.02; Figure 1(c)). There
was a significant decline in females (ptrend¼ 0.001), but
not males. The prevalence of borderline hypercholester-
olemia declined amongst all participants from 22.9%
(95% CI: 21.4–24.3%; representing �23.5 million
Americans) in 2005–2008 to 19.1% (95% CI: 17.4–
20.8%; representing �20 million Americans) in 2013–
2016 (ptrend¼ 0.002; Table 1). The prevalence declined
in males and trended to decline in females.

The age-standardized weighted prevalence estimates
of diabetes mellitus, pre-diabetes, pre-hypertension,
hypertension, borderline hypercholesterolemia, and
hypercholesterolemia were consistently higher in
males than females (Table 1).

Awareness, treatment, and control of diabetes
mellitus

Diabetes mellitus awareness was stable and moder-
ately high amongst the overall population of adults,
males, and females across survey periods (Table 2 and
Figure 1(a)). Females had greater awareness of diabetes
mellitus.

The percentage of the overall population receiving
diabetes mellitus treatment increased from 29.8% (95%
CI: 21.3–38.3%; representing �0.8 million Americans)
in 2005–2008 to 55.9% (95% CI: 48.3–63.5%; repre-
senting �2 million Americans) in 2013–2016
(ptrend< 0.001). The percentage of treated diabetes mel-
litus also rose significantly amongst males and females
from 2005–2008 to 2015–2016 (ptrend for both sex-
es< 0.001). There were significantly higher proportions
of females being treated for diabetes mellitus compared
to males.

Controlled diabetes mellitus rose from 6.7% (95%
CI: 1.5–11.8%; representing �200,000 Americans) in
2005–2008 to 17.4% (95% CI: 11.6–23.3%; represent-
ing �600,000 Americans) in 2013–2016 (ptrend¼ 0.04) in
the overall population. The percentage of males with
controlled diabetes mellitus rose from 4.8% (95% CI:
0.8–9.1%) in 2005–2008 to 16.3% (95% CI: 9.9–22.6%)
in 2013–2016 (ptrend¼ 0.31). The percentage of females
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with controlled diabetes mellitus trended to increase
from 8.8% (95% CI: 2.8–14.8%) in 2005–2008 to
18.6% (95% CI: 9.2–28.0%) in 2013–2016 (ptrend¼
0.07). The percentage of females with controlled dia-
betes mellitus was consistently higher than males.

Awareness, treatment, and control of hypertension
in adults aged 18–44

Hypertension awareness trended towards an increase
from 68.7% (95% CI: 62.1–75.3%; representing �8
million Americans) in 2005–2008 to 77.7% (95% CI:
74.4–81.0%; representing �9.5 million Americans) in
2013–2016 amongst the overall population (ptrend¼
0.05; Table 3 and Figure 1(b)). Amongst males, hyper-
tension awareness improved from 57.3% (95% CI:
21.0–93.4%) in 2005–2008 to 69.9% (95% CI: 64.8–

74.9%) in 2013–2016 (ptrend¼ 0.02). Hypertension
awareness was stable amongst females across study per-
iods, but females had substantially greater hypertension
awareness across all survey periods. When the 2017
hypertension guidelines were applied, hypertension
awareness was lower and stable in the overall popula-
tion, males, and females (Supplementary Table 1).

The percentage of the overall population receiving
hypertension treatment increased from 58.7% (95% CI:
52.7–64.7%; representing �7 million Americans) in
2005–2008 to 70.4% (95% CI: 65.6–75.2%; represent-
ing �8.5 million Americans) in 2013–2016 (ptrend¼
0.02). The percentages of males receiving hypertension
treatment rose significantly from 45.9% (95% CI: 39.2–
53.6%) in 2005–2008 to 59.6% (95% CI: 52.1–67.1%)
in 2013–2016 (ptrend¼ 0.03). The trend was stable for
females across study periods.

Table 1. Age-standardized weighted prevalence of cardiovascular risk factors amongst adults aged 18–44: NHANES 2005–2016.

2005–2008a 2009–2012a 2013–2016a
Trend

p-valueb

Risk factor N

Percentage

(95% CI) N

Percentage

(95% CI) N

Percentage

(95% CI) Linear

Diabetes mellitus

Overall 4861 2.6 (2.1–3.2) 5235 2.8 (2.3–3.3) 5075 3.6 (2.8–4.3) 0.22

Male 2507 2.7 (2.2–3.3) 2621 2.9 (2.1–3.7) 2473 3.6 (2.7–4.5) 0.21

Female 2354 2.5 (1.6–3.4) 2614 2.7 (2.0–3.4) 2602 3.5 (2.5–4.6) 0.45

Pre-diabetes

Overall 4861 5.2 (4.3–6.2) 5235 5.3 (4.3–6.2) 5075 6.5 (5.1–7.8) 0.43

Male 2507 6.7 (5.4–7.9) 2621 7.3 (6.0–8.7) 2473 8.8 (6.8–10.8) 0.20

Female 2354 3.7 (2.6–4.8) 2614 3.2 (2.2–4.0) 2602 4.1 (3.0–5.2) 0.99

Hypertension

Overall 4861 11.4 (9.8–13.1) 5235 10.3 (9.1–11.5) 5075 11.3 (10.0–12.7) 0.99

Male 2507 13.9 (11.9–15.9) 2621 11.8 (10.2–13.5) 2473 13.0 (11.0–15.0) 0.99

Female 2354 8.8 (7.1–10.5) 2614 8.8 (7.3–10.2) 2602 9.7 (8.1–11.3) 0.99

Pre-hypertension

Overall 4861 27.1 (25.2–28.9) 5235 26.0 (24.3–27.6) 5075 25.8 (23.6–27.9) 0.93

Male 2507 36.3 (34.0–38.5) 2621 36.2 (33.7–38.8) 2473 34.7 (31.4–38.1) 0.58

Female 2354 17.3 (14.8–19.8) 2614 15.1 (13.1–17.1) 2602 16.5 (14.7–18.4) 0.77

Hypercholesterolemia

Overall 4861 11.5 (10.1–12.8) 5235 9.0 (7.7–10.3) 5075 9.0 (8.0–9.9) 0.02

Male 2507 12.9 (10.7–15.2) 2621 10.7 (8.5–12.7) 2473 11.4 (10.2–12.7) 0.88

Female 2354 9.9 (8.4–11.5) 2614 7.2 (5.9–8.5) 2602 6.4 (5.4–7.4) 0.003

Borderline hypercholesterolemia

Overall 4861 22.9 (21.4–24.3) 5235 22.8 (21.2–24.5) 5075 19.1 (17.4–20.8) 0.002

Male 2507 24.7 (18.1–22.6) 2621 23.7 (20.3–27.1) 2473 20.3 (18.1–22.6) 0.03

Female 2354 21.0 (18.7–23.2) 2614 22.0 (19.7–24.3) 2602 17.8 (15.7–20.0) 0.08

NHANES: national health and nutrition examination survey; CI: confidence interval.
aDirect method for age standardization was performed using the US census population age groups 18–19, 20–24, 25–34, and 35–44 years.
bLogistic regression model including age groups, race, sex, body mass index, smoking status, insurance status, education attainment, income status,

number of healthcare visit in past one year, and Bonferroni correction for multiple comparisons was used to assess the linear trend in p-values across

the survey years.
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Figure 1. Trends in prevalence, awareness, treatment, and control of diabetes mellitus, hypertension, and hypercholesterolemia

amongst adults aged 18–44 years: NHANES 2005–2016.

Bars represent the prevalence (red), awareness (blue), treatment (green), and control (purple) of diabetes mellitus (Panel A), hyper-

tension (Panel B), and hypercholesterolemia (Panel C) among young adults (in millions).

Table 2. Age-standardized weighted awareness, treatment, and control of diabetes mellitus amongst adults aged 18–44: NHANES

2005–2016.

2005–2008a 2009–2012a 2013–2016a Trend p-valueb

N Percentage (95% CI) N Percentage (95% CI) N Percentage (95% CI) Linear

Awareness

Overall 128 74.1 (66.7–81.5) 191 61.1 (50.9–71.3) 192 71.3 (64.0–78.4) 0.99

Male 76 66.6 (57.2–76.0) 95 63.3 (49.0–77.6) 92 63.6 (54.9–72.3) 0.13

Female 52 82.6 (72.8–92.4) 96 58.6 (45.9–71.4) 100 79.2 (70.6–87.8) 0.90

Treatment

Overall 128 29.8 (21.3–38.3) 191 49.0 (37.4–60.5) 192 55.9 (48.3–63.5) <0.001

Male 76 30.5 (21.1–39.9) 95 48.0 (35.2–60.7) 92 53.6 (44.7–62.6) <0.001

Female 52 29.0 (18.5–39.4) 96 50.1 (36.1–64.2) 100 58.2 (45.9–70.6) <0.001

Control

Overall 128 6.7 (1.5–11.8) 191 14.0 (8.8–19.2) 192 17.4 (11.6–23.3) 0.04

Male 76 4.8 (0.8–9.1) 95 11.3 (5.8–16.8) 92 16.3 (9.9–22.6) 0.31

Female 52 8.8 (2.8–14.8) 96 17.0 (10.6–23.3) 100 18.6 (9.2–28.0) 0.07

NHANES: national health and nutrition examination survey; CI: confidence interval.
aDirect method for age standardization was performed using the US census population age groups 18–19, 20–24, 25–34, and 35–44 years.
bLogistic regression model including age groups, race, sex, body mass index, smoking status, insurance status, education attainment, income status,

number of healthcare visit in past one year, and Bonferroni correction for multiple comparisons was used to assess the linear trend in p-values across

the survey years.

Note: the numbers are depicted in the population with prevalent diabetes mellitus.
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Using the 2014 guidelines, hypertension control was
stable from 47.1–52.7% of the population exhibiting
controlled hypertension in 2013–2016 (ptrend¼ 0.50;
Table 3). Using the 2017 guidelines, the percentage of
participants with controlled hypertension was stable
from 13.3–16.8% (ptrend¼ 0.22). The percentage of
females with controlled hypertension was consistently
higher than males (Supplementary Table 1).

Awareness, treatment, and control of hypercholes-
terolemia in adults aged 18–44

Hypercholesterolemia awareness was stable (ptrend¼
0.30; Table 4 and Figure 1(c)) amongst the overall
population and was consistently lower than that for
diabetes mellitus. Females’ awareness of hypercholes-
terolemia was greater than males in the 2005–2008 and
2009-2012 survey periods, but then declined to lower
than that of males by 2015–2016 (ptrend¼ 0.02).

In the overall population, 32.0–32.6% (95% CI:
26.9–38.2%) of Americans received treatment for
hypercholesterolemia (ptrend¼ 0.99). The percentage of
the overall population, males, and females receiving
treatment for hypercholesterolemia remained stable
at �3 million Americans across the study periods.
The percentage of females receiving treatment for
hypercholesterolemia was higher than males in the
2005–2008 survey period but then declined below the

percentage of males receiving treatment for hyperchol-
esterolemia by 2013–2016.

The percentage of participants who had controlled
hypercholesterolemia (�1 million Americans) remained
stable across study periods among the overall popula-
tion, males, and females.

BMI, smoking, and physical activity prevalence trends
in adults aged 18–44

The percentage of overall participants who were
obese increased from 29.7% (95% CI: 26.9–32.6%)
in 2005–2008 to 35.2% (95% CI: 32.9–37.4%) in
2013–2016 (ptrend¼ 0.002) (Supplementary Table 2).
The rising prevalence of obesity was seen in both
males and females (ptrend¼ 0.01 for both males
and females).

The percentage of overall participants who were
described as current smokers decreased from 28.6%
(95% CI: 26.1–31.0%) in 2005–2008 to 21.5% (95%
CI: 19.7–23.4%) in 2013–2016 (ptrend¼ 0.003)
(Supplementary Table 2). There was a significant
decline in the prevalence of current smoking amongst
men (ptrend¼ 0.006) but not in women (ptrend¼ 0.27).

The prevalence of ideal physical activity amongst
all participants was stable at around 57.6–
59.0% (ptrend¼ 0.99) (Supplementary Table 2). The
prevalence of males with ideal physical activity was

Table 3. Age-standardized weighted awareness, treatment, and control of hypertension amongst adults aged 18–44: NHANES 2005–

2016 (using the 2014 hypertension guidelines).

2005–2008a 2009–2012a 2013–2016a
Trend

p-valueb

N Percentage (95% CI) N Percentage (95% CI) N Percentage (95% CI) Linear

Awareness

Overall 528 68.7 (62.1–75.3) 547 70.1 (63.9–76.3) 585 77.7 (74.4–81.0) 0.05

Male 325 57.3 (21.0–93.4) 316 63.5 (55.5–71.5) 318 69.9 (64.8–74.9) 0.02

Female 203 87.8 (82.0–93.6) 231 79.4 (72.2–86.7) 267 88.6 (85.5–91.7) 0.99

Treatment

Overall 528 58.7 (52.7–64.7) 547 62.6 (56.0–69.2) 585 70.4 (65.6–75.2) 0.02

Male 325 45.9 (39.2–52.6) 316 54.4 (46.3–62.4) 318 59.6 (52.1–67.1) 0.03

Female 203 80.1 (73.6–86.5) 231 74.1 (66.1–82.1) 267 85.4 (82.3–88.4) 0.59

Control

Overall 528 47.1 (41.3–52.9) 547 49.3 (42.3–56.4) 585 52.7 (47.9–57.4) 0.50

Male 325 35.1 (29.0–41.1) 316 40.2 (32.6–47.9) 318 40.4 (34.3–46.5) 0.51

Female 203 67.1 (58.7–75.5) 231 62.2 (52.5–71.9) 267 69.6 (63.9–75.3) 0.99

NHANES: National Health and Nutrition Examination Survey; CI: confidence interval.
aDirect method for age standardization was performed using the following US census population age groups 18–19, 20–24, 25–34, and 35–44 years.
bLogistic regression model including age groups, race, sex, body mass index, smoking status, insurance status, education attainment, income status,

number of healthcare visit in past one year, and Bonferroni correction for multiple comparisons was used to assess the linear trend in p-values across

the survey years.

Note: the numbers for awareness, treatment, and control are depicted in the population with prevalent hypertension.
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higher than the prevalence of females across all
study periods.

Dietary trends

The prevalence of subjects that achieved an intermedi-
ate or healthy diet was stable across the study period at
22.3–23.7% (ptrend¼ 0.72) (Supplementary Table 3 and
Figure 2). This score was also stable but poor among
the sub-groups of patients with hypertension, hyper-
cholesterolemia, and diabetes mellitus at similar levels
(Supplementary Figure 2).

Discussion

In summary, we describe a stable prevalence of diabetes
mellitus and hypertension, with a declining prevalence
of hypercholesterolemia amongst adults aged 18–44
in the general American population. The trend for
increasing awareness of hypertension is coupled with
the rising prevalence of obesity and inadequate
treatment and control trends for diabetes mellitus,
hypertension, and hypercholesterolemia. Additionally,
we described a higher prevalence of hypertension,
pre-hypertension, pre-diabetes, borderline hypercholes-
terolemia, and hypercholesterolemia amongst males
compared to females across all three study periods.
However, percentages for diabetes mellitus and hyper-
tension treatment and control were higher amongst

females. We also assessed the impact of the 2017 high
blood pressure guidelines on the prevalence, awareness,
treatment, and control of hypertension and observed a
substantial prevalence of hypertension of nearly one in
four young adults, which remained stable across
the study periods. There were higher percentages of
males receiving treatment for hypercholesterolemia
but females exhibited better control. The declining
prevalence of current smoking was also noted across
the study periods. Finally, there was a relatively low
prevalence of healthy diet across study periods in the
overall sample.

There may be multiple mechanistic explanations for
our findings. The childhood obesity burden has been
acknowledged as an epidemic for >20 years in
America.16 We also witnessed rising obesity prevalence
among young adults. It is possible that the potent meta-
bolic dysregulation induced by childhood obesity is
now manifesting in young adulthood as a higher preva-
lence of pre-diabetes and diabetes mellitus. Similarly,
Kit et al. previously noted that �20% of adolescents
had dyslipidemia and �10% were hypertensive.17 Our
data may suggest that there are adult sequelae of these
childhood cardiovascular pathologies. Changes in risk
factor prevalence due to immigration patterns may also
play a role. The declining prevalence of hypercholester-
olemia has also been previously noted in the wider
American population. This has partly been attributed
to the reduction in dietary trans-fat consumption.17

Table 4. Age-standardized weighted awareness, treatment, and control of hypercholesterolemia amongst adults aged 18–44:

NHANES 2005–2016.

2005–2008a 2009–2012a 2013–2016a
Trend

p-valueb

N Percentage (95% CI) N Percentage (95% CI) N Percentage (95% CI) Linear

Awareness

Overall 480 54.1 (47.7–60.6) 476 48.6 (42.5–54.7) 422 46.8 (41.4–52.2) 0.30

Male 285 47.1 (38.8–55.4) 279 46.6 (38.4–54.8) 271 48.1 (41.6–54.5) 0.99

Female 195 63.9 (55.1–72.7) 197 51.7 (42.2–61.2) 151 44.5 (34.7–54.3) 0.02

Treatment

Overall 480 32.0 (26.1–37.8) 476 26.7 (21.6–31.8) 422 32.6 (26.9–38.2) 0.99

Male 285 28.8 (21.7–35.8) 279 24.4 (18.7–30.1) 271 34.9 (28.7–41.1) 0.38

Female 195 36.4 (28.6–44.2) 197 30.3 (21.7–39.0) 151 28.4 (16.0–40.8) 0.68

Control

Overall 480 12.3 (8.1–16.6) 476 13.5 (8.9–18.2) 422 14.6 (10.2–18.9) 0.99

Male 285 13.9 (8.5–19.4) 279 13.4 (6.5–20.2) 271 13.6 (8.0–19.2) 0.99

Female 195 10.1 (4.1–16.0) 197 13.8 (9.3–18.4) 151 16.3 (6.4–26.3) 0.39

NHANES: national health and nutrition examination survey; CI: confidence interval.
aDirect method for age standardization was performed using the US census population age groups 18–19, 20–24, 25–34, and 35–44 years.
bLogistic regression model including age groups, race, sex, body mass index, smoking status, insurance status, education attainment, income status,

number of healthcare visit in past one year, and Bonferroni correction for multiple comparisons was used to assess the linear trend in p-values across

the survey years.

Note: the numbers are depicted in the population with prevalent hypercholesterolemia.

Kalra et al. 7



However, we found that there were relatively low levels
of healthy diet throughout the survey periods. Multiple
widely publicized health campaigns13 and the release of
two lipid-related consensus guidelines since 2013 may
have also publicized broader lifestyle changes for the
general population.18,19 Increasing statin usage was
reported from 2002 to 2013 amongst Americans, but
select high-risk groups (such as diabetics) still were
underrepresented.20 These changes may have led to a
disproportionately low level of hyperlipidemia despite
rising obesity levels among children and young adults.
However, hypercholesterolemia treatment levels remain
low overall. This may, in part, be due to the reluctance
of clinicians to start young adults with a potentially
lifelong pharmacologic therapy early in life. There
was also comparatively lower prevalence and better
awareness, treatment, and control of diabetes mellitus
and hypertension amongst females compared to males.
Zhang et al. previously linked more frequent preventive
visits for females to improvements in awareness, treat-
ment, and control of hypertension.12 Females have
been noted to more accurately and consistently report
nutritious food intake patterns.21 This combination of
frequent healthcare visits with a perceptive approach to
preventive healthcare overall may be yielding signifi-
cant benefits for females in cardiovascular risk factor
prevention.

Our findings offer comparisons to existing literature.
George et al. previously described the high prevalence
of key cardiovascular risk factors in adults aged 18–44
who presented with stroke in the National Inpatient
Sample,2 and Bucholz et al. demonstrated poor aware-
ness of hypertension, dyslipidemia, and diabetes
amongst male and female participants in NHANES
aged 18–39.6 We confirm the findings of both investi-
gations and build upon them by highlighting the con-
comitant trends in risk factor treatment and control.
We also reiterate that all of these trends sharply con-
trast between males and females over a longer study
period. Vanhecke et al. demonstrated that adolescents
aged 15–18 at American schools generally perceived
themselves to have an inappropriately low lifetime
risk of cardiovascular diseases.22 Our findings suggest
that this persists and manifests as poor awareness,
treatment, and control of cardiovascular risk factors.
This may represent an important niche population
where health promotion should be targeted to break a
chain of poor generational health outcomes. The preva-
lence of diabetes could be related to the persistently
high rates of physical inactivity amongst youth and
adults combined with a rising prevalence of overweight
and obesity nationwide, based on recent NHANES
data.1 We noted that there were modest improvements
in diabetes control. This could partly be due to

previously described trends suggesting increasing dia-
betes medication usage during the study periods we
examined.23 Our data also offer an opportunity to
compare cardiovascular risk factor trends to other
populations. Importantly, the treatment and control
of hypertension, diabetes, hypercholesterolemia
among adults aged 18–44 in our study population fell
far below those of the >65 years American population
from NHANES data.24 Our findings also contrasted
with the rising prevalence of diabetes mellitus, obesity,
and hypertension amongst young Canadian adults aged
�55 years.25

There may be several public health implications of our
findings. The majority of primary care patients with one
cardiovascular risk factor have multiple additional coex-
isting risk factors.26 Our data suggest that aggressive
screening and treatment of key cardiovascular risk factors
such as diabetes mellitus, hypertension, and hypercholes-
terolemia are of paramount importance to reduce the
burden of cardiovascular disease amongst young
adults.1 The hypertension prevalence seen when utilizing
the 2017 high blood pressure guidelines suggests that a
vast number of young adults are eligible for hypertension
treatment and, if treated, could improve their cardiovas-
cular risk profile.15 Approximately 30% of those diag-
nosed will be immediately eligible for medication while
others must be started on lifestyle modification and reas-
sessed in 3–6 months. Prior data have suggested that the
occurrence of adolescent hypertension doubles the hazard
of developing end-stage renal disease in later life.27 An
unmitigated rising prevalence in any of these cardiovas-
cular risk factors, particularly diabetes mellitus, com-
bined with sub-optimal rates of treatment and control,
may manifest as other end-organ cardiovascular diseases
in a similar manner. The rising awareness of hypertension
and hypercholesterolemia was contrasted with a decline
in treatment. Thismay partly be due to differing uptake of
guidelines by different physician societies creating dis-
cordant treatment thresholds.28 In view of the rising
prevalence of diabetes mellitus, clinicians should consider
treatment of diabetes mellitus amongst young adults with
the sodium-glucose cotransporter-2 inhibitor or other
classes of medications, according to recent guideline rec-
ommendations,29 as they have been shown to improve
long-term cardiovascular outcomes.30 Aggressive dia-
betes mellitus preventive care and treatment should also
be pursued on a broader level. Recent evidence indicates
that an increase in physical activity is associated with a
lower risk for incident hypertension and diabetes melli-
tus.31 Our results suggest that obesity, physical activity,
and dietary habits should also be targeted to address the
burden of hypertension and diabetes. We also noted that
the deterioration in risk factor trends occurred amidst an
unstable climate for health policy. Improvement in the
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low levels of treatment and control of cardiovascular risk
factors is contingent upon consistent access to primary
care for preventive care and health education.
Additionally, the current trend towards high deductible
insurance plans for primary care visits may be associated
with delayed presentation to primary care.32 The urgency
of addressing primary care access is reiterated by the fact
that we found that 10–30% of adults aged 18–44 had pre-
hypertension, borderline hypercholesteremia, and pre-
diabetes that may progress to full-scale disease.
Improvements in healthcare access were noted with the
introduction of the Affordable Care Act.33 Increasing
diabetic medication usage and the declining smoking
prevalence may be an example of a positive result of
this legislation. Finally, many cardiovascular diseases
have been demonstrated to have strong links to social
determinants of health. Social determinants of health
and changes in health service provision may have
played a role in the observed changes in risk factor preva-
lence and awareness. Addressing racial disparities in
healthcare access should be another social priority for
policymakers that accompanies targeted screening to
address the health outcomes that we have demonstrated.

Our investigation also has important limitations. The
NHANES is a series of cross-sectional surveys. Hence,
incident measures of frequency and inferences regarding
causality and temporality cannot be obtained from this
design. However, our aim was to provide a broad over-
view of cardiovascular health amongst adults aged 18–
44 and the NHANES data is well-suited to this. Data
regarding medication are self-reported, but prior
NHANES data show good validity of self-report.34

Additionally, the raw prevalence trends themselves are
suggestive of an urgent need to aggressively address
these important risk factors.

Conclusion

In summary, American adults aged 18–44 have a stable
prevalence of diabetes mellitus, pre-diabetes, and
hypertension, with a declining prevalence of hyperchol-
esterolemia. These trends are coupled with inadequate
treatment and control of diabetes mellitus, hyperten-
sion, and hypercholesterolemia, despite stable or
increasing awareness of these risk factors. Clinicians
should intensify efforts to address screening and
treatment of these key cardiovascular risk factors to
foster improvement in these trends.
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