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Abstract

Introduction—Young adults with hyperlipidemia, hypertension, and diabetes are at increased
risk of developing heart disease later in life. Despite emphasis on early screening, little is known
about awareness of these risk factors in young adulthood.

Methods—Data from the nationally representative cross-sectional survey National Health and
Nutrition Examination Survey 2011-2014 were analyzed in 2017 to estimate the prevalence of
self-reported awareness of hypercholesterolemia, hypertension, and diabetes in U.S. young adults
aged 18-39 years (/7=11,083). Prevalence estimates were weighted to population estimates using
survey procedures, and predictors of awareness were identified using weighted logistic regression.

Results—Among U.S. young adults, the prevalence of hypercholesterolemia, hypertension, and
diabetes was 8.8% (SE=0.4%), 7.3% (SE=0.3%), and 2.6% (SE=0.2%), respectively. The
prevalence of borderline high cholesterol, blood pressure, and blood glucose were substantially
higher (21.6% [SE= 0.6%], 26.9% [SE=0.7%], and 18.9% [SE=0.6%], respectively). Awareness
was low for hypercholesterolemia (56.9% [SE=2.4%]) and moderate for hypertension and diabetes
(62.7% [SE=2.4%] and 70.0% [SE=2.7%)]); <25% of young adults with borderline levels of these
risk factors were aware of their risk. Correlates of risk factor awareness included older age,
insurance status, family income above the poverty line, U.S. origin, having a usual source of health
care, and the presence of comorbid conditions.

Conclusions—Despite the high prevalence of cardiovascular risk factors in U.S. young adults,
awareness remains less than ideal. Interventions that target access may increase awareness and
facilitate achieving treatment goals in young adults.
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INTRODUCTION

Atherosclerosis begins early in life and can lead to coronary heart disease (CHD) in older
adulthood.12 Young adults with cardiovascular risk factors are at increased risk of CHD
later in life, and even borderline levels of these risk factors are associated with
atherosclerotic changes that persist into adulthood.1:3-2 Moreover, studies have shown that
individuals who reach middle- age with favorable levels of major cardiovascular risk factors
have a significantly lower incidence of cardiovascular disease and greater longevity,
highlighting the imperative for recognizing and treating cardiovascular risk factors early in
life.19-12 As a result, many guidelines now recommend universal screening for hypertension
and hyperlipidemia in children and adolescents.1314 By contrast, screening for
cardiovascular risk factors in young adults is recommended primarily among patients with
identified CHD risk factors.15:16

Despite the emphasis on early but selective screening, little is known about patient
awareness of these risk factors in young adulthood. Prior literature suggests that the
prevalence of suboptimal cholesterol, blood pressure, and blood glucose in young adults
may be as high as 38%, 7%, and 4.5%, respectively.1’-21 Although a few studies have
examined undiagnosed hypercholesterolemia, hypertension, and diabetes in U.S. adults,
19.21-27 no studies have evaluated awareness across multiple risk factors, in patients with
borderline levels of these risk factors, or in young adults specifically.

Accordingly, this study aims to quantify the prevalence of self-reported awareness among
U.S. young adults with hypercholesterolemia, hypertension, or diabetes, and to identify
sociodemographic and clinical correlates of awareness. Such information is critical to
identifying gaps in screening and education in order to better target populations who are
undiagnosed or unaware of their cardiovascular risk.

METHODS

Study Sample

Data from the 2005-2014 National Health and Nutrition Examination Survey (NHANES)
were used to evaluate the prevalence of self-reported awareness of high and borderline
cholesterol, blood pressure, and blood glucose in U.S. young adults aged 18 to 39 years.
Conducted by the National Center for Health Statistics, NHANES uses a stratified,
multistage sampling design to obtain a nationally representative sample of the U.S. non-
institutionalized civilian population. It collects detailed information on participant
demographic, socioeconomic, and health-related characteristics through in-home interviews
and clinical assessments. All non-pregnant participants aged 18 to 39 years were included in
this sample (7=11,083).

Measures

Detailed descriptions about blood collection and processing are provided in the NHANES
Laboratory/Medical Technologists Procedures Manual. Specimens for total cholesterol,
glycosylated hemoglobin, and serum glucose were stored under refrigerated conditions and
shipped weekly to the University of Minnesota or the University of Missouri-Columbia for
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processing. Blood pressure was measured by auscultation three consecutive times after
participants had been seated for 5 minutes.

High and borderline levels of blood cholesterol, blood pressure, and blood glucose were
defined using the 2013 American Heart Association/American College of Cardiology
Guidelines?® and prior studies using NHANES.17:19.24,.26.29.30 Hypercholesterolemia was
defined as total cholesterol =240 mg/dL or current self-reported use of cholesterol-lowering
medications. Borderline high cholesterol was defined as total cholesterol between 200 and
239 mg/dL. Consistent with the definition at the time of the analysis, hypertension was
defined as an average systolic blood pressure 2140 mmHg or diastolic blood pressure =90
mmHg or current self-reported use of antihypertensive medication. Borderline hypertension
was defined as an average blood pressure of 120-139 mmHg systolic or 80-89 mmHg
diastolic. Because 56.9% of participants were missing fasting plasma glucose (FPG), both
FPG and hemoglobin Alc (HbAlc) were used to identify individuals with diabetes and
borderline diabetes. Type 1 or Type 2 diabetes was defined as FPG =126 mg/dL or HbAlc
>6.5%, or self-reported use of insulin or oral agents. Borderline diabetes was defined as FPG
100-125 mg/dL or HbAlc 5.7%-6.5%. Missing total cholesterol, blood pressure
measurements, and FPG or HbA1c accounted for 1,139 (10.3%), 946 (8.5%), and 1,069
(9.7%) of observations, respectively.

Participants were asked if they had ever been told by a doctor or health professional that
their blood cholesterol level was high, that they had hypertension or high blood pressure, or
that they had diabetes, prediabetes, impaired glucose tolerance, or borderline diabetes. Those
responding affirmatively were categorized as being aware of having hypercholesterolemia,
hypertension, and diabetes, respectively.

Several sociodemographic and clinical variables were examined including age, sex, race/
ethnicity, poverty, insurance status, education, place of birth, usual source of care, and other
cardiovascular risk factors, including hypercholesterolemia, hypertension, diabetes, BMI
(healthy BMI [<25 kg/m?], overweight [25-29.9kg/m?] and obese [=30kg/m?]), smoking
status (never, past, and current), and family history of early cardiovascular disease. Poverty
was defined as the ratio of family income to geographic poverty level <133%.31 Usual
source of care was categorized as no usual source, hospital emergency room or outpatient
department, and doctor’s office or clinic/health center. Family history of cardiovascular
disease was defined as having a close family relative with a heart attack or angina aged <50
years.

Statistical Analysis

NHANES data were analyzed in 2017 using the survey procedures in SAS, version 9.4 to
account for the complex survey design.32 The prevalence of hypercholesterolemia,
hypertension, and diabetes and borderline levels of these risk factors were estimated in the
U.S. young adult population. Awareness for these risk factors was calculated among those
with high or borderline levels and compared across participant characteristics using Rao—
Scott modified chi-square tests. Multivariable logistic regression analyses were used to
identify covariates associated with hypercholesterolemia, hypertension, and diabetes
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awareness. Covariates were selected using a backwards elimination model and retained in
the final model if they were associated with risk factor awareness at the p<0.05 level.

Missing covariate data were rare. There was missing data for 213% of participants on one
variable, 10% of participants on two variables, and 1% of participants on three or more
variables. Missing covariate data were imputed using a single imputation approach.
Outcome data (i.e., awareness) were missing in 33.9%, 0%, and 0.3% of participants with
high or borderline cholesterol, blood pressure, and blood glucose, respectively. Outcome
data were not imputed. Participants with missing cholesterol awareness data were more
likely to be younger, uninsured, and to lack a usual source of care. Consent for participation
in NHANES was obtained during the initial screening visit. This analysis was deemed
exempt under federal regulation 45 CFR §46.101(b).

Among U.S. young adults aged 18 to 39 years, 8.8% (SE=0.4%) had hypercholesterolemia
and 21.6% (SE=0.6%) had borderline high cholesterol (Figure 1). An estimated 7.3%
(SE=0.3%) of young adults had hypertension and 26.9% (SE=0.7%) had borderline
hypertension. There were 2.6% (SE=0.2%) of young adults that had Type 1 or Type 2
diabetes and 18.9% (SE=0.6%) had borderline diabetes. Approximately 18.9% (SE=1.6%)
of adults with hypercholesterolemia, 43.9% (SE=2.3%) of adults with hypertension, and
53.4% (SE=3.1%) of adults with diabetes reported taking medications to treat these
conditions. The prevalence of comorbid hypercholesterolemia, hypertension, and diabetes
are provided in Appendix Figures 1 and 2. The majority of young adults with
hypercholesterolemia, hypertension, or diabetes had only a single risk factor; however, there
was significant overlap among individuals with borderline levels of these risk factors. Of
those with hypercholesterolemia, 56.9% (SE=2.4%) were aware of their elevated cholesterol,
whereas 62.7% (SE=2.4%) of young adults with hypertension were aware of having
hypertension, and 70.0% (SE=2.7%) of those with diabetes knew of their diagnosis (Figure
2). Awareness among individuals with borderline high levels of cholesterol, blood pressure,
and blood glucose was significantly lower (22.5% [SE=1.4%], 12.3% [SE=0.8%], and 5.7%
[SE=0.7%], respectively). In general, awareness was higher in young adults with more than
one risk factor compared with those with only one risk factor (Appendix Figure 3).

Factors associated with hypercholesterolemia, hypertension, and diabetes awareness are
provided in Table 1. After multivariable adjustment, insurance status and having a usual
source of care were independent correlates of hypercholesterolemia, hypertension, and
diabetes awareness (Table 2). Other correlates of hypercholesterolemia awareness included
older age and concurrent diabetes. Similarly, older age, female gender, U.S. origin,
concurrent diabetes, and current smoking were significantly associated with hypertension
awareness, and non-Hispanic white race/ethnicity was associated with diabetes awareness.
Relative to non-Hispanic white adults, non-Hispanic black adults and Hispanic adults were
significantly less likely to be aware of their diabetes.

When analyses were repeated in young adults with borderline risk factors, associations
between sociodemographic and clinical factors with risk factor awareness were generally
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weaker (Appendix Table 1). Among young adults with borderline high cholesterol,
correlates of awareness included higher education and family history of cardiovascular
disease (Appendix Table 2). Correlates of awareness in individuals with borderline high
blood pressure included older age, race/ethnicity, U.S. origin and overweight or obesity, and
correlates of awareness in individuals with borderline diabetes included older age, race/
ethnicity, and family history of cardiovascular disease.

DISCUSSION

Despite the high prevalence of cardiovascular risk factors in this nationally representative
sample of U.S. young adults, risk factor awareness remained less than ideal. Approximately
30% of young adults with diabetes, 37% with hypertension, and 43% with
hypercholesterolemia were unaware of their condition. Awareness was substantially lower in
young adults with borderline levels of these risk factors; more than 75% of young adults
with borderline hypercholesterolemia, hypertension, and diabetes were unaware that they
were at risk. Although predictors of awareness varied across risk factors, young adults with
younger age, no insurance, or without a usual source of care were, in general, less likely to
be aware of their risk factors. These findings suggest that targeting interventions to screen
and raise awareness among these individuals may facilitate achieving treatment goals in this
young adult population.

These findings are consistent with prior NHANES studies in older adult populations
demonstrating suboptimal hypercholesterolemia, hypertension, and diabetes awareness.
These studies have reported the prevalence of undiagnosed hypercholesterolemia,
hypertension, and diabetes to be as high as 65%, 28%-31%, and 30%, respectively,19.23.24.33
Estimates of hypercholesterolemia awareness in this study were comparable to those in prior
studies,33 but the prevalence of hypertension and diabetes awareness was higher possibly
due to the use of more contemporary data or greater insurance coverage under the
Affordable Care Act.19:33 Other studies using NHANES data have also explored predictors
of risk factor awareness in older populations but only examined a few demographic
characteristics.2226 The current study extends these findings to a contemporary population
of U.S. young adults, for whom risk factor awareness is critical to the prevention of future
CHD, and examines a wide range of both sociodemographic and clinical correlates of
awareness among individuals with both borderline and high levels of cardiovascular risk
factors.

Individuals without insurance and without a usual source of care were more likely to be
unaware of their risk factors. In fact, these variables were more consistent predictors of
unawareness than most of the clinical variables examined. This observation is particularly
concerning given prior reports showing higher cardiovascular morbidity and mortality in
poor and less educated patients34-36 and lower treatment rates for coronary artery disease
among the uninsured.37:38 Not surprisingly, prior studies have also found lower rates of
treatment and control for hypercholesterolemia, hypertension, and diabetes among poor and
uninsured patients.39 Despite racial/ethnic differences in the prevalence of cardiovascular
risk factors in the general population, there were no differences in awareness of
hypercholesterolemia or hypertension by race/ethnicity in multivariable analyses. The
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absence of an association is likely because of the inclusion of other variables, such as
healthcare access and insurance, in the models. Only diabetes awareness differed by race/
ethnicity with lower awareness among non-Hispanic and Hispanic adults. These data
demonstrate the need for increased risk factor screening and education efforts among low-
income and underinsured young adults and the urgency of such efforts in a time of
healthcare reform.

Interestingly, the presence of multiple cardiovascular risk factors augmented awareness only
moderately. Among young adults with more than one risk factor, 26%, 27%, and 23% were
unaware of having hypercholesterolemia, hypertension, and diabetes, respectively. In
multivariable models, comorbid diabetes was a significant correlate of both
hypercholesterolemia and hypertension awareness possibly because the American Diabetes
Association has been advising clinicians to identify and treat additional cardiovascular risk
factors in patients with diabetes for decades.*0 Neither hypercholesterolemia, hypertension,
obesity, nor family history of early cardiovascular disease emerged as significant predictors
of awareness for any risk factor, and smoking was only associated with hypertension
awareness. This observation may be because of the fact that greater cardiovascular risk
factor clustering tends to occur in Americans with low SES, which may prevent many
individuals from obtaining screening or counseling for these risk factors.! The association
of smoking with increased hypertension awareness may be because of more targeted
screening and education of smokers by clinicians given their elevated risk of cardiovascular
disease.

This study also found very low awareness in individuals with borderline levels of these risk
factors. Only 22%, 12%, and 6% of young adults with borderline hypercholesterolemia,
hypertension, and diabetes, respectively, recalled having ever been told that they were at risk
of these conditions. This low prevalence is especially concerning given the high prevalence
of borderline risk factors in the young adult population and the likelihood that these
individuals will go on to develop hypercholesterolemia, hypertension, and diabetes in the
future if no intervention occurs. As the prevalence of cardiovascular disease continues to
climb, there is an even greater imperative to focus on prevention earlier in life, particularly
among those with borderline risk factors. Data from the Coronary Artery Risk Development
in Young Adults study demonstrated that individuals with risk factors above optimal levels
were two- to three-fold more likely to have subclinical atherosclerosis,* and individuals who
develop cardiovascular risk factors early in life are more likely to have a persistence of these
factors into older adulthood.6-8 Early education and lifestyle modifications have been shown
to reduce the development of these risk factors#2-46; however, these interventions are
contingent upon effectively screening and diagnosing these at-risk populations. Young adults
with borderline risk factor levels are precisely the population who might benefit from simple
inexpensive interventions to prevent the development of these risk factors and their sequelae.

Taken together, this study’s findings suggest that targeting educational and screening
interventions at young adults with barriers to care may lower the prevalence of undiagnosed
cardiovascular risk factors and improve treatment goals in this population. Unrecognized
cardiovascular risk factors place individuals at risk for developing CHD and stroke later in
life, in addition to being costly and disabling diseases in and of themselves. These findings
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are particularly timely given recent changes in the hypertension guidelines now defining
hypertension as blood pressure greater than 130/80 mmHg, which is estimated to expand the
percentage of young adults with hypertension from 11% to 30% in men and 10% to 19% in
women.4’

Recent guidelines recommend universal screening for cholesterol and blood pressure in all
children between the ages of 17-21 years, which may improve diagnosis and identification
of at risk youth.13-14 However, adherence to these guidelines amongst pediatricians is low,*8
and many youth are lost to follow-up as they transition from pediatric to adult-centered care.
49 Therefore, these guidelines are not likely to benefit adolescents or young adults with
limited access to care who are most likely to be unaware of their risk factors. At present, the
U.S. Preventive Services Task Force recommends selective cholesterol and diabetes
screening for men and women at increased risk of CHD but does not advise routine
cholesterol screening until age 35 years in men and age 45 years in women. Given the high
prevalence of borderline and high cholesterol in young adults coupled with the low
awareness of these risk factors observed in this study, more liberal screening of cholesterol
may be warranted particularly in adults with interrupted access to care who may have
infrequent opportunities for screening. Although the U.S. Preventive Services Task Force
does recommend routine screening for hypertension in young adults, individuals with
limited access to care are unlikely to benefit from these recommendations. As such, this
study highlights the importance of community outreach efforts, such as mobile screening
units.

This study has its limitations. First, as with any self-reported questionnaire, participant
answers may be subject to imperfect recall or social desirability bias. Second, data on
cholesterol awareness was missing in approximately 34% of participants with high or
borderline cholesterol. Compared with participants with recorded awareness data,
participants with missing data were younger and more likely to be uninsured and lack a
usual source of care. Therefore, cholesterol awareness may be even lower than those
reported in this study. Third, NHANES uses three repeated measures on a single day (rather
than multiple days) to diagnose hypertension. Although this is not the standard in clinical
practice, the Centers for Disease Control and Prevention and multiple other studies have
used these data to estimate the prevalence of hypertension.19:22 Similarly, the use of a single
fasting glucose test and HbAlc to diagnose diabetes is not typically used in clinical practice;
however, this method has also been used to estimate the population prevalence of both Type
1 and Type 2 diabetes.23:26 Fourth, information on health literacy or knowledge of
cardiovascular disease was not available and may be important contributors to risk factor
awareness. Fifth, participant access to care was evaluated at a single timepoint, when, in
fact, many people routinely cycle in and out of coverage or between providers. Sixth, it was
not possible to differentiate between Type 1 and Type 2 diabetes given the absence of
laboratory data such as C-peptide levels or insulin antibody testing; however, both Type 1
and Type 2 diabetes confer an elevated risk of cardiovascular disease and mortality. Finally,
lack of awareness could be a result of not having been screened, or alternatively, not
receiving, or not understanding abnormal results. Because clinicians often use a risk score
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approach to evaluate patient risk, some participants may be aware that they are at increased
risk of cardiovascular disease but unaware of individual cardiovascular risk factors.

CONCLUSIONS

Awareness of hypercholesterolemia, hypertension, and diabetes is suboptimal in U.S. young
adults. Young adults with barriers to health care such as lack of insurance and no usual
source of care were more likely to be unaware of their CHD risk factors. Future studies are
needed to better understand impediments to awareness about CHD risk factors among young
adults, and to develop and evaluate interventions that target screening in young adults with
limited access to care. In the meantime, clinicians should continue to improve patient
education around the risks and consequences of borderline and elevated levels of
cardiovascular risk factors.
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Figure 1.
Prevalence of cardiovascular risk factors in U.S young adults aged 18-39 years from the

National Health and Nutrition Examination Survey 2005-2014.

aBorderline high cholesterol was defined as total cholesterol (fasting or nonfasting [2.2%])
200-239mg/dL and high cholesterol was defined as total cholesterol =240mg/dL or self-
reported use of cholesterol-lowering agent. Hypertension was defined as blood pressure
>140/90mmHg averaged over three measurements or self-reported use of blood pressure
lowering agent. Borderline hypertension was defined as average blood pressure 120—
139/80-89mmgHg. Diabetes was defined as fasting blood glucose =126mg/dL or
hemoglobin Alc =6.5%. Or self-reported use of insulin or oral agents. Borderline diabetes
was defined as fasting blood glucose 100-125mg/dL or hemoglobin Alc 5.7-6.4%.
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Figure 2.

Percentage of young adults (aged 18 to 30 years) with high or borderline levels of
cholesterol, blood pressure, and blood glucose reporting awareness of their risk factor from
the National Health and Nutrition Examination Survey 2005-2014.
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Appendix Figure 1.
Overlap of hypercholesterolemia, hypertension, and diabetes in U.S. young adults aged 18—

39 years.
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Appendix Figure 2.
Overlap of high and borderline hypercholesterolemia, hypertension, and diabetes in U.S.

young adults aged 18-39 years.
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Appendix Figure 3.
Percentage of young adults with a single or multiple risk factors reporting awareness of

hypercholesterolemia, hypertension, or diabetes.
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