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Abstract

Purpose: American Heart Association recently published a set of seven cardiovascular (CV)
health metrics for adults and children, emphasizing importance of preventing CV risk factors.
Although CV disease risk factors have generally improved in adults, there is concern that this has
not been true among adolescents. The present study examined trends and disparities of CV health
metrics among U.S. adolescents.

Methods: We used data from a series of National Health and Nutrition Examination Survey
(1988-1994, 1999-2004, and 2005-2010) including 11,233 adolescents aged 12-17 years. We
estimated prevalence and mean score of CV health metrics and examined the disparities in mean
score by sex, race/ethnicity, educational attainment, and poverty-income ratio.

Results: The prevalence of nonsmoking and healthy diet increased from 1988 through 2010,
while the prevalence of normal body mass index and physical activity decreased, resulting in an
unchanged distribution of overall CV health scores since 1988. The prevalence of adolescents
meeting all seven CV health metrics was low, 3.5% (95% confidence interval [CI] 2.2-5.4), 4.0%
(95% CI 3.3-4.8), and 4.0% (95% CI 2.9-5.3) in National Health and Nutrition Examination
Survey 1988-1994, 1999-2004, and 2005-2010, respectively. The disparities in adjusted mean
scores persisted between non-Hispanic whites and non-Hispanic blacks, families/households with
>12 versus <12 years of education, and poverty-income ratio of >3 versus <3 (p < .05).

Conclusions: The proportion of adolescents achieving all seven CV health metrics was low and
remained unchanged during 1988-2010. The disparities in mean CV health score persisted among
adolescents.
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Methods

Cardiovascular disease (CVD) is the leading cause of death in the United States and
accounts for estimated annual direct and overall costs of $192.1 billion and $312.6
billion, respectively [1]. CVD risk factors in youth—smoking, obesity, elevated blood
pressure, undesirable lipid profiles, and metabolic syndrome—have been associated with
accelerated atherosclerosis in youth [2] and often continue into adulthood [3-5]. The
American Academy of Pediatrics recently updated its guidelines for CV health and risk
reduction in children and adolescents and emphasized the importance of early, or primordial,
prevention of CVD risk factors through various strategies, including promoting a healthy
diet, greater participation in physical activity, and effective management of risk factors in
children and adolescents [5]. In 2010, the American Heart Association (AHA) published
recommendations aimed at improving CV health in United States by encouraging seven
ideal CV health behaviors or factors (i.e., not smoking; being physically active; having
normal weight, blood pressure, blood glucose, and total cholesterol levels; and eating a
healthy diet) [6]. Several studies have examined the prevalence and trends in CV health
metrics in adolescents and adult population [7-9], but recent information on trends in CV
health metrics in adolescents is lacking. For the present study, we examined trends and
disparities of CV health metrics among adolescents aged 12—-17 years who participated in
the National Health and Nutrition Examination Surveys (NHANESSs) from 1988 through
2010.

National Health and Nutritional Examination Survey

NHANES consists of nationally representative sample surveys of the civilian,
noninstitutionalized U.S. population. Data for NHANES were collected via household
interviews and physical examinations. Detailed information is available elsewhere [10].
Before 1999, NHANESs were conducted on a periodic basis, but, beginning that year, the
survey became continuous surveys. For the present study, we selected adolescents aged
12-17 years from NHANES 1988-1994, 1999-2004, and 2005-2010. Our analyses included
2,447 (1988-1994), 5,242 (1999-2004), and 3,544 (2005-2010) adolescents who were
surveyed in Mobile Examination Centers (MECs), and for whom information was available
on CV health metrics. In calculating CV health scores, we included all adolescents with
complete information on all seven metrics (1,583 [1988-1994], 4,402 [1999-2004], and
2,892 [2005-2010], respectively). Figure 1 showed the flowchart of missing pattern for
each CV health metric and selection of adolescents in the analysis. Adolescents who were
excluded because of missing covariates for all seven metrics score analysis were in general
similar to those included in the study in terms of age, sex, race/ethnicity, education, and
poverty-income ratio (PIR; Supplementary Table 1). However, in NHANES IIl, a lower
percentage of non-Hispanic white and adolescents with household head >12 years education
was excluded, and in NHANES 2005-2010, a higher percentage of non-Hispanic black and
a lower percentage of Mexican American were excluded from the study (p < .05).
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Definitions of cardiovascular health metrics

We used the modified AHA definitions of ideal, intermediate, and poor CV metrics because
of changes in the questionnaires across NHANESs or lack of information for some metrics.
Supplementary Table 2 provided the detailed information and explanation of the CV health
metrics used in the present study.

Smoking status.—For adolescents aged >12 years, the questionnaires about smoking
status changed substantially across the NHANESS; therefore, we used the gender- and
race/ethnicity-specific cutoff points of cotinine concentrations to classify adolescents as
noncurrent smokers versus nonsmokers [11]. For male adolescents, the cutoff points of
cotinine concentrations were 8.78, 6.01, and 1.18 for non-Hispanic white, non-Hispanic
black, and Mexican American, respectively. The corresponding cutoffs for female
adolescents were 2.95, 2.81, and .66, respectively. The overall sensitivity of using cotinine to
classify smoking status was 86.5% and specificity 93.1%.

Physical activity.—Physical activity questionnaires varied in collection of participation,
frequency, and duration of physical activity across NHANES cycles. Questionnaires to
assess the AHA recommended physical activity levels were not available; thus, physical
activity was assessed at its most basic level: those reporting no activity (i.e., inactive) versus
those reporting some activity over the assessed period. In NHANES 1988-1994, those with
<1 time per week were categorized as inactive. In NHANES 1999-2006 and 2007-2010,
the recall period varied, but information on participation, intensity, frequency, and duration
of physical activity was available. Those reporting no physical activity or physical activity
below minimum thresholds (<10 minutes in a typical week; <40 minutes in past 30 days)
were categorized as inactive. We conducted additional sensitivity analyses across NHANES
cycles, both with consistent physical activity assessment (1999-2004 and 2005-2006) and
with physical activity removed from CV health metrics categories. The results are listed in
Supplementary Table 3.

Body mass index.—Body mass index (BMI) was calculated as weight (kg)/height (m?).
To account for variability by age and sex, we compared BMI in adolescents with age- and
sex-specific reference values from the 2000 Centers for Disease Control and Prevention
(CDC) growth charts [12]. BMI for age of =85th to <95th percentiles was defined as
overweight, and =95% percentile as obese, and <85th percentile as ideal BMI.

Healthy diet score.—The AHA healthy diet score includes the following five
components: consumption of fruits and vegetables (=4.5 cups/day), fish (=2 3.5-0z
servings/week), fiber-rich whole grains (=3 1-0z equivalent servings/day), sodium (<1,500
mg/d), and sugar-sweetened beverages (<36-0z/week). The NHANES Food Frequency
Questionnaire, used to estimate the recommended healthy diet score, was not administered
in NHANES 2007-2008 and 2009-2010. Therefore, we used the Healthy Eating Index-2010
(HEI-2010) that was designed to assess multiple aspects of diet quality as described by

key recommendations of the 2010 Dietary Guidelines for Americans [13]. The HEI-2010
has 12 components representing all major food groups, including fruits, vegetables, grains,
milk, meat and beans, oils, saturated fat, sodium, and calories from solid fats, alcoholic

J Adolesc Health. Author manuscript; available in PMC 2024 March 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang et al.

Page 4

beverages, and added sugars. Food components are given maximum and minimum points
per 1,000 calories, and the total score ranges from 0 to 100, a higher score indicating a

more healthy diet. A detailed description of the HEI-2010 has been published previously
[14]. We merged the NHANES 1988-1994 and 1999-2002 individual food files with the
MyPyramid Equivalents Database (MPED) version 1 and NHANES 2003-2004 and 2005-
2010 files with MPED version 2 to calculate HEI-2010 [15,16]. Of 5,440 unique United
States Department of Agriculture (USDA) food codes in NHANES 2005-2010, 5,030 were
also in MPED version 2. We matched the remaining 410 foods to the most similar foods. For
example, the food code 21501350 (ground beef, 90%-94% lean, cooked) was matched to
the nearest food code 21501300 (ground beef, 80%—-84% lean, cooked). Dietary information
was obtained from in-person 24-hour dietary recalls, and nutrient intake was estimated
using the corresponding Food and Nutrient Databases for Dietary Studies from the USDA
[17]. Twenty-four—hour dietary recalls are considered among the most precise methods of
assessing diet and nutrients intake [18]. To examine the changes in HEI-2010 scores over
time, we pooled all NHANES data together and estimated the top 10% of scores as having a
healthy diet (cutoff point = 57.0 of possible 100) <top 10% and >50% (<57.0 but >39.3) as
intermediate and <50% (<39.3) as poor diet [19]. We estimate the proportion of adolescents
who were at different cutoff points in 1988-1994, 1999-2004, and 2005-2010.

Total cholesterol.—Total cholesterol levels were based on samples taken regardless of
fasting state. There were changes in methods, laboratories, and analyzers used to measure
lipids from serum across surveys [20]. Despite such changes, the laboratory methods were
essentially the same, and all laboratories participated in the CDC-National Heart, Lung, and
Blood Institute Lipid Standardization Program. Detailed descriptions about blood collection
and processing are provided in the NHANES laboratory/medical technologists procedures
manual [21].

Adolescents were classified as having ideal, intermediate, or poor total cholesterol if their
levels were <170, >170-<200, or =200 mg/dL, respectively [6].

Blood pressure.—Up to three blood pressure measurements were taken, using the proper
cuff size, during visits to Mobile Examination Center after participants had rested quietly in
a sitting position for at least 5 minutes. In 1988-1994, 1999-2004, and 2005-2010, 78%,
76%, and 79% of adolescents, respectively, had three blood pressure measurements. We
classified adolescents as having ideal (normal), intermediate (prehypertension), or elevated
blood pressure (hypertension) based on the age-, gender-, and height-specific blood pressure
percentiles using the 2000 CDC growth charts [22]. Ideal (normal) was defined as systolic
blood pressure (SBP) and diastolic blood pressure (DBP) <90th percentile for age, sex,

and height, intermediate (prehypertension) as SBP or DBP >90th but <95th percentile or
observed BP levels >120/80 mmHg. Elevated blood pressure (hypertension) was defined as
SBP and/or DBP =95th percentile.

HbAlc.—HbAlc, a measure of average glucose concentration, was determined for all
participants =12 years of age, regardless of fasting status, was used to classify glucose levels
as desirable or undesirable (fasting glucose was not available for adolescents in NHANES
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1988-1994). An HbAlc level of <5.7% and the absence of diabetes (self-reported or on
diabetes medications) was desirable; an HbA1lc level of =5.7% was undesirable [23].

Baseline covariates.—Demographic and descriptive information was self-reported by
the participant or by proxy. Age, sex, race/ethnicity, and education attainment of head of
household were obtained from the interview questionnaire. Race/ethnicity was classified as
non-Hispanic white, non-Hispanic black, Mexican American, or other. Total annual family
income, a socioeconomic status proxy, was used to calculate the PIR. PIR was derived by
dividing the total annual family income by the established federal poverty level for the
specific family size, accounting for the year and the state where the assessment took place
[24]. We defined PIR <1.0 as poor, 1.0-<2.0 as near poor, 2.0-<3.0 as middle income, and
>3.0 as high income.

Cardiovascular health score

Using the criteria for each CV health metric described above, we constructed a total CV
health score, ranging from 0 to 7. The CV health score included never smoking (=1),
some physical activity (=1), BMI <85% (=1), HEI-2010 >top 10% (score = 57.0 = 1),
total cholesterol <170 mg/dL (=1), blood pressure <90% (=1), and HbAlc <5.7% (=1).
In calculating the total CV health score, we included all adolescents who had completed
information on all seven metrics.

Statistical analysis

Results

We estimated the weighted percentages of the selected covariates for NHANES 1988-1994,
1999-2004, and 2005-2010. We calculated the sex- and race-standardized prevalence and
95% confidence interval (CI) of the CV health metrics and the overall CV health score.

We used logistic regression to test for linear trends in changes in CV health metrics. In

the logistic regression models, each CV health metric or score was the dependent variable,
the independent variables included a time variable corresponding to the midpoint of each
surveys (1991 for 1988-1994, 2001 for 1999-2004, and 2007 for 2005-2010), and age,

sex, and race/ethnicity. The time variable was used to assess the change of each CV health
metric or score overtime. For disparities analysis, we used the logistic regression models to
estimate the adjusted mean CV health scores and to test for differences in mean scores by
the selected characteristics. Because of the limited number of participants in the categories at
either end of the range, we combined the lower numbers (0-2) and the upper numbers (6-7)
of achieved metrics to stabilize our estimates.

Data were analyzed using SAS version 9.3 and SUDAAN version 10 to account for the
complex sampling design [25]. All tests were two sided, and a p value of <.05 was
considered statistically significant.

Demographic characteristics of the sample are listed in Table 1. The proportions of non-
Hispanic white and non-Hispanic black adolescents decreased, while the proportion of
adolescents of Mexican American and other races/ethnicities increased during 1988-2010.
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The percentage of adolescents living in higher PIR households or where the household heads
reported >12 years of education also increased.

The prevalence of current smoking declined from 17.2% (95% CI 14.9-19.9) during 1988—
1994 to 11.4% (95% CI 10.0-12.8) during 20052010, and the prevalence of those with a
high HEI-2010 score (=57.0) increased significantly over time (p < .05 for trend). There was
suggestive evidence of an increased prevalence of ideal total cholesterol (<170 mg/dL; p=
.061). The prevalence of obesity increased from 11.2% (95% CI1 9.2-13.6) to 18.5% (95%
Cl 16.6-20.5). Physical inactivity, assessed differently across cycles, appeared to increase
over the assessment period (Table 2). Within consistent assessment periods (1999-2006),
physical inactivity appeared to be declined from 1999-2004 to 2005-2006 (Supplementary
Table 3). In additional analysis removing physical activity from the CV health composite
score, similar trends and distribution across the number of CV health metrics were noted
(Supplementary Table 3). About 4% of adolescents achieved all seven CV health metrics,
however, and the distribution of the number of ideal CV health metrics remained largely
unchanged since the 1988-1994 NHANES.

We found no evidence of significant changes in the mean CV health scores over time by

sex, race/ethnicity, and PIR; however, the mean score increased marginally from 4.61 in
1988-1994 to 4.81 in 2005-2010 among adolescents whose head of household had <12
years of education (p=.082; Figure 2, Supplementary Table 4). The adjusted mean scores
were significantly higher among non-Hispanic whites compared with non-Hispanic blacks (p
=.003), among heads of households with >12 years compared with <12 years of education
(p<.001), and among those with a PIR = 3 compared with a PIR < 3 (p< .001; Figures
2B-D, Supplementary Table 4).

Discussion

Many studies have examined trends of specific CVD risk factors, such as weight
classification, lipid profile, smoking status, physical activity, fruit and vegetable
consumption, and blood pressure among children, and adolescents [20,26-29]. Others have
examined the joint distribution of multiple CVD risk factors or metabolic syndrome [30-
32], but none has examined trends and disparities of individual CV health metrics among
U.S. adolescents. Using a series of nationally representative samples of adolescents, the
findings in our study indicate that the prevalence of nonsmoking and of choosing a healthy
diet (HEI-2010 score =57.0) improved from 1988 to 2010. However, the prevalence of
obesity and physical inactivity increased as well. The effects of increased prevalence of
nonsmoking and healthy eating appeared to be offset by the increased prevalence of obesity
and physical inactivity, thus leaving the number of adolescents achieving six or seven CV
health metrics largely unchanged from 1988 to 2010. The prevalence of meeting seven
ideal CV health metrics among adolescents is low, consistent with the findings of a recent
study [8], and has remained low since 1988. In addition, the disparities in adjusted mean
CV health scores by race/ethnicity, education, and PIR persisted among adolescents during
1988-2010. Compared with the results from the Cardiovascular Risk in Young Finns Study
cohort of adolescents aged 12-18 years, the prevalence of the ideal level of nonsmoking
and fasting glucose (measured by HbA1c) was similar. The prevalence of the ideal level of
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BMI and healthy diet was higher, and the prevalence of the ideal level of total cholesterol
and physical activity was lower among adolescent Finns compared with our results [33]. The
findings of a recent study including five international cohorts of young adults from United
States, Finland, and Australia (average age 34 years) suggested that the prevalence of seven
ideal CV health metrics was about 1% that was lower than that of our estimate. The lower
estimate was mainly attributed to the lower level of ideal diet in the international cohort
study. The prevalence of the ideal level of total cholesterol, nonsmoking, and fasting glucose
(HbALc in our study) appeared to be comparable. However, the ideal level of BMI and blood
pressure was lower than our estimate, that is, 46% versus 66% for BMI and 52% versus 85%
for blood pressure, respectively [34]. Maintaining a healthy diet and increasing physical
activity are the main recommendations for reducing childhood obesity in the United States
[5]. Although the prevalence of high HEI-2010 scores (=top 10%) increased over time, the
prevalence of physical inactivity appeared to increase as well, which were consistent with
the findings of other studies [27]. In the sensitivity analysis of NHANES 1999-2006 data

on physical activity, fewer than half of the adolescents engaged in ideal level of physical
activity as recommended by the AHA (Supplementary Table 3). There are strong and
consistent evidence that healthy eating and regular physical activities play important role in
reducing the CVD risk factors and in decreasing the risk of developing CVDs in children
and adolescents. Continued efforts should be made at the national, local levels, and schools
to promote the healthy eating and physical activities among adolescents, such as outlined by
the School Health Guidelines to Promote Healthy Eating and Physical Activity [35].

Although previously observed increases in obesity among children and adolescents appeared
to be leveling off since mid-2000s [29], our results suggested that the increased prevalence
of obesity among adolescents made the favorable trend in the distribution of CV health
metrics over time nonsignificant. Many studies suggested that childhood obesity is
associated with metabolic syndrome, high blood pressure, high cholesterol, and type 2
diabetes, and it tracks into adulthood [5,36,37]. Continuing efforts focusing on reducing
childhood obesity through healthy eating and regular physical activity play an essential

role in primordial prevention of CVDs and improving the overall health in general.

The prevalence of adolescents with undesirable total cholesterol (=200 mg/dL) declined
significantly from 1988 to 2010, and these findings are consistent with other studies [20].
This decline might be attributable, in part, to the decline in consumption of trans fats and
saturated fats and to an increase in the proportion of those reporting consuming a healthy
diet (HEI-2010 index). Detailed analyses of the HEI-2010 index indicated that consumption
of total fruits and vegetables has increased significantly, and consumption of saturated fat
has decreased significantly since 1988 among adolescents (results not shown). The average
HEI-2010 score increased from 39.9 in 1988-1994 to 41.4 in 2005-2010 (p = .017).

Despite many efforts to reduce health disparities, adjusted mean CV health scores were
persistently lower among non-Hispanic blacks compared with non-Hispanic whites, among
adolescents living with heads of households with lower educational attainment (<12 years)
and in households with lower PIRs (<3.0). The existence and persistence of substantial
disparities in mortality, morbidity, and risk factors among the entire U.S. population have
been well documented [38]. Many national and local government programs, such as CDC’s
Racial and Ethnic Approaches to Community Health program, are trying to address and
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eliminate racial and ethnic disparities in health [39]. However, there is insufficient evidence
regarding the effectiveness of any particular intervention in reducing specific disparities
among different segments of the population [39]. Our findings provide further evidence

of the existence of persistent disparities in CV health metrics among adolescents. Until
interventions are proven to be effective, continued efforts should be invested in increasing
community awareness of health disparities; setting priorities among disparities to be
addressed at the federal, state, tribal, and local levels; and expending resources to reduce
and eliminate priority disparities [39].

Our study has major strengths, including the use of data from a series of nationally
representative samples of U.S. adolescents, the analysis of trends and disparities in CV
health metrics, and the applicability of data to all seven CV health metrics or proxy
measures.

Our study also has several limitations: first, physical activity questionnaires were not
consistent across NHANES cycles, and the observed trend in increased physical inactivity
might have been influenced by changes in assessment method. However, in the sensitivity
analysis excluding physical activity, we found that patterns of distribution and trends
remained consistent with those using seven metrics (Supplementary Table 3). Second, we
calculated the HEI-2010 to approximate the AHA healthy diet score and used the top 10%
of scores as the cutoff point for a healthy diet [19], which might have overestimated the
ideal healthy diet defined by the AHA [6]. Other studies of young adult or adult populations
indicated that the prevalence of eating a healthy diet was very low [9,34]. Third, we used the
gender- and race/ethnicity-specific cutoff points of cotinine concentrations to determine the
smoking status among adolescents. Although this method has high sensitivity and specificity
(>86%) for determining current smoking, it could not classify those of “never tried” from
those of “former” smokers [11]. In addition, using cotinine concentrations to determine
smoking status might miss intermittent smokers, and some of the “current smokers” might
be passive smokers (exposed to second-hand smoking). Fourth, because of limited data on
fasting glucose in NHANES, we used a hemoglobin Alc level of <5.7% to approximate

the fasting glucose level of <100 mg/dL, the level suggested by the American Diabetes
Association [40].

In summary, our findings indicated that the prevalence of meeting seven CV health metrics
was low among U.S. adolescents. Declines in current smoking and elevated total cholesterol
and an increasing prevalence of higher HEI-2010 scores were offset by an increasing
prevalence of obesity, which resulted in limited changes to the overall CV health scores
during 1988-2010. Reducing childhood obesity through healthy eating and regular physical
activity is essential in primordial prevention of CVDs and improving the overall health

in general among adolescents. Finally, disparities in the adjusted mean CV health scores
persisted among adolescents over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS AND CONTRIBUTION

Despite improvements in some cardiovascular health metrics, the prevalence of
adolescents who achieve all metrics has remained low since the 1980s. To improve
adolescents’ cardiovascular health, public health efforts should focus on promoting
healthy dietary habits, increasing physical activity, and identifying cardiovascular health
risks early.
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Figure 1.
Flowchart describing missing pattern of CV health metrics and selection of adolescents aged

12-17 years in NHANES 1988-1994, 1999-2004, and 2005-2010.
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Trends of adjusted mean number of CV health metrics by sex (A), race/ethnicity (B),

5.50
- —f—<12 years
# —o—Male 5.00
.\.‘. ——12 years
~i—Female
//‘ =fe=>12 year
¥ d L 4.50
1588-1994 19992004  2005-2010 1988-1994 1999-2004 2005-2010
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1 ; ——— - B Black 5.00 == near poor
o o A—Mexican A ~==—middle income
=>&=high income
1988-1994 1999-2004 2005-2010 4.50 T )
1988-1994 1999-2004 2005-2010
Figure 2.

education of head of household (C), and PIR (D) in adolescents 12-17 years of age—
NHANES 1988-1994, 1999-2004, and 2005-2010. The mean score was adjusted for sex
and race/ethnicity in panel (A), for age and sex in panel (B), and for age, sex, and race/
ethnicity in panels (C) and (D). The adjusted mean scores were significantly higher among
non-Hispanic whites compared with non-Hispanic blacks (p = .003), education attainments
of households >12 years compared with <12 years (p < .001), and PIR =3 (high income)
compared with <3 (poor, near poor, or middle income; p < .001; see Supplementary Table

2).
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