1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Pediatr. Author manuscript; available in PMC 2022 March 01.

-, HHS Public Access
«

Published in final edited form as:
J Pedjatr. 2016 February ; 169: 166—73.e3. doi:10.1016/j.jpeds.2015.10.007.

Trends in High Blood Pressure among United States
Adolescents across Body Weight Category between 1988 and
2012

Quanhe Yang, PhD, Yuna Zhong, MD, MPH, Robert Merritt, MA, Mary E. Cogswell, DrPH
Division for Heart Disease and Stroke Prevention, Centers for Disease Control and Prevention,
Atlanta, GA

Abstract

Objective—To examine trends in pre-high blood pressure (BP [HBP]) and HBP among US
adolescents by body weight category during 1988-2012.

Study design—\We estimated pre-HBP and HBP prevalence among 14 844 participants

aged 12-19 years using National Health and Nutrition Examination Surveys from 1988-1994,
1999-2002, 2003-2006, and 2007-2012. Pre-HBP and HBP were defined based on age-sex-height-
specific BP percentiles. We examined the temporal trends in pre-HBP and HBP across category of
body weight (normal weight vs overweight/obese), adjusted for potential explanatory factors, and
estimated the number of adolescents with pre-HBP and HBP.

Results—Between 1988 and 2012, the prevalence of HBP decreased and pre-HBP did not
change. Among normal weight adolescents, multivariable adjusted pre-HBP prevalence was 11.0%
during 1988-2012, and 10.9% during 2007-2012 (£ =.923 for trend); adjusted HBP prevalence
increased from 1988-1994 (0.9%) to 1999-2002 (2.3%), then declined significantly to 1.4% during
2007-2012 (P=.049). Among overweight/obese adolescents, adjusted pre-HBP prevalence was
17.5% during 1988-2012, and 20.9% during 2007-2012 (P = .323); adjusted HBP prevalence
declined significantly from 7.2% during 1988-1994 to 3.2% during 2007-2012 (P = .018). Because
of population growth, estimated number of adolescents with pre-HBP or HBP increased, from 4.18
million during 1988-1994 to 5.59 million during 2007-2012.

Conclusions—Between 1988 and 2012, pre-HBP prevalence was consistently higher among
overweight/obese adolescent than those of normal weight, and the pattern remain unchanged.
HBP prevalence declined significantly, especially among overweight/obese adolescent that are not
completely explained by sociodemographic or lifestyle characteristics.

Overweight and obesity increased significantly among US children and adolescents since
the 1970s, leveling off since the mid-2000s.1-3 Overweight and obesity are important risk
factors for high blood pressure (BP [HBP]) among children and adolescents.# Childhood BP
levels can continue to adulthood, and children with HBP are more likely to develop HBP as
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adults.> HBP is a leading risk factor for cardiovascular disease and a significant contributor
to US morbidity and mortality.5.7 Recently, attention and research have increased on the
prevention of weight-associated health outcomes in children and adolescents, including
HBP.48.9 Some investigators,10-13 but not others,8-14.15 suggest the epidemic of overweight
and obesity is associated with increased average BP and HBP prevalence, and predict
continuing increases in HBP prevalence with increases in overweight and obesity. A recent
study examined trends in pre-HBP and HBP among US children and adolescents and found
HBP prevalence declined during 1999-2012,8 though investigators indicated that the reason
for this decline merits further study. The current study extends these results by examining
the interaction of body mass index (BMI) status with trends in pre-HBP and HBP during
1988-2012, adjusted for potential confounding variables.

The National Health and Nutritional Examination Survey (NHANES) is designed to
represent the civilian, noninstitutionalized US population. Data for NHANES were collected
by household interviews and physical examinations as described elsewhere.1’ Before 1999,
NHANES surveys were periodic, but beginning that year, the survey became continuous. For
the present study, we selected adolescents aged 12-19 years from NHANES 1988-1994,
1999-2002, 2003-2006, and 2007-2012. After excluding the pregnant adolescents, our
analyses included 14 844 adolescents who had BP measurements in the NHANES

mobile examination centers (MECs). NHANES |11 and NHANES 1999-2012 underwent
institutional review board approval and included written informed consent.

Measurement and Definition of Pre-HBP and HBP

Up to 3 BP measurements were taken by the certified examiners during visits to MECs
after participants rested quietly in a sitting position for at least 5 minutes. In 1988-1994,
1999-2002, 2003-2006, and 2007-2012, 99%, 89%, 78%, and 92%, respectively, of
adolescents had 3 BP measurements, and 0.1%, 2.4%, 8.9%, and 2.5%, respectively, had 1
BP measurement. We used averages of 2 or 3 BP measurements for those who had multiple
measurements and 1 BP reading for the remaining adolescents. We classified adolescents
as having normal, pre-HBP, or HBP based on age-sex-height-specific BP percentiles and
the age-sex-height-specific percentiles is determined by 2000 Centers for Disease Control
and Prevention growth charts.# For adolescents aged 12-17 years, normal was defined as
systolic BP (SBP) and diastolic BP (DBP) <90th percentile for age-sex-height; pre-HBP
was defined as SBP or DBP =90th but <95th percentile, or BP levels =120/80 mm Hg.
HBP was defined as SBP and/or DBP =95th percentile. For adolescents aged 18-19 years,
pre-HBP was defined as either SBP of >120 but <140 mm Hg or DBP of >80 but <90 mm
Hg; HBP was defined as SBP =140 mm Hg, DBP =90 mm Hg, or taking antihypertensive
medication.18 The guidelines recommend that the multiple BP measurements at different
times should be used to define persistent prehypertension and hypertension in adolescents.*
To differentiate the BP measurements in the present study (up to 3 measurements at MECs
in the same day) from the recommended definitions, we used the terms of pre-HBP and HBP
with the same cut-off points that are used to define prehypertension and hypertension in the
guidelines.#
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Age, sex, and race/ethnicity of participants were obtained from standard questionnaires.
Race/ethnicity was classified as non-Hispanic white, non-Hispanic black, Mexican
American, or other. BMI was calculated as measured weight (kg)/height (m?2).

We compared BMI in adolescents with age-sex-specific values from 2000 Centers for
Disease Control and Prevention growth charts in order to account for variability by age and
sex.19 BMI-for-age of =85th to <95th percentiles was defined as overweight, and =95%
percentile as obese. Waist-to-height ratio was calculated by dividing the waist (inches) by
height (inches).20

For adolescents aged =12 years, the questions about smoking status changed substantially
over time; therefore, we used the sex-race/ethnicity-specific cut-off points of cotinine
concentrations to classify adolescents as current smokers vs nonsmokers.21

Questions to assess duration and intensity of physical activity varied substantially over time.
Therefore, physical activity was classified at its most basic level: those reporting no activity
Vs some activities.??

Healthy eating index-2010 (HEI-2010) represents all major food groups, including fruits,
vegetables, grains, milk, meat and beans, oils, saturated fat, sodium, and calories from
solid fats, alcoholic beverages, and added sugars.23 Food components are given maximum
and minimum points per 1000 calories and total score ranges from 0-100, a higher score
indicating a more healthy diet.23

Total annual family income, a socioeconomic status proxy, was used to calculate the
poverty-income-ratio (PIR). The PIR was derived by dividing total annual family income
by the established federal poverty level for the specific family size, accounting for year and
state where assessment took place.2* We defined PIR <1.0 as poor, 1.0 to <2.0 as near poor,
2.0 to <3.0 as middle income, and =23.0 as high income.

Statistical Analyses

We estimated the weighted prevalence and means (adjusted for age, sex, and race) of
pre-HBP, HBP, BP and selected covariates by BMI status. We used linear and logistic
regressions to test for temporal trends of pre-HBP and HBP prevalence, BP, and selected
covariates across the 4 NHANES cycles. In the regression models, each variable of interest
was the dependent variable; the independent variables included a categorical time variable
corresponding to the midpoint of each survey (1991 for 1988-1994, 2001 for 1999-2002,
2005 for 2003-2006, and 2009 for 2007-2012 surveys), age, sex, and race/ethnicity. The time
variable was used to assess temporal trends.

For analysis of temporal trends in prevalence, we fit logistic regression models using

the Multilog procedure in SUDAAN v 10 (RTI International, Research Triangle Park,

North Carolina) to estimate the adjusted pre-HBP and HBP simultaneously.2> The adjusted
prevalence was estimated by taking the predicted marginal.2® In logistic regression
analyses, we estimated the unadjusted prevalence (model 1); age-sex-race/ethnicity-adjusted
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prevalence (model 2); plus smoking status, physical activity, HEI-2010, PIR, waist-to-height
ratio, and BMI as continuous variables (model 3). We conducted a 2-step trend test for
each outcome, pre-HBP or HBP, by body weight categories (normal vs overweight/obese):
first, we tested for linearity of the trends across all NHANES cycles; second, if the trends
were linear, we presented the P values for trend during 1988-2012, and if the trends were
nonlinear, with leveling off in 1999, we presented the £values from NHANES 1999-2012.
To account for multiple comparisons, we calculated the adjusted ~values controlling for
false discovery rate (FDR) at 5.0%. The FDR represents the proportion of incorrectly
rejected null hypotheses out of all rejected null hypotheses.2” We used the SAS PROC
MULTTEST with the un-adjusted P values as input to calculate the FDR adjusted P values
(SAS Institute, Inc, Cary, North Carolina).

We tested for interactions in logistic regression models by including a 2-way interaction
term between time and each covariate adjusted for all other covariates. Because of the
significant multiplicative interaction between time and BMI (P=.019), we stratified results
by BMI status. We combined overweight and obese participants in a single group to stabilize
our estimates. Although pre-HBP and HBP prevalence was significantly higher among males
than among females, the temporal trends were consistent by sex (P=.117 for interaction
between time and sex), so we combined results for males and females. We estimated the
number of adolescents with pre-HBP or HBP by multiplying and summing up the BMI
status-specific pre-HBP or HBP prevalence by the total number of the noninstitutionalized
population derived from current population surveys for each NHANES cycle (http://
www.cdc.gov/nchs/tutorials/nhanes/NHANESAnalyses/AgeStandardization/Info2.htm). We
used Monte Carlo simulation to estimate the Cls for the number of adolescents with pre-
HBP and HBP by taking 95% CI of BMI status-specific prevalence as a triangle distribution.
@Risk v 5.0 (Palisade Corporation, Ithaca, New York) was used with 1000 draws, and the
lower 2.5 and upper 97.5 percentile distributions were reported as 95% Cls.

We used weighted sequential hot deck imputation as implemented in SUDAAN v 10 (RTI
International) to impute values for selected covariates with missing information.2> These
covariates included smoking (N = 1363 participants with missing information), physical
activity (N = 59), HEI-2010 (N = 458), PIR (N = 1214), and waist-to-height ratio (N = 190).

We conducted 2 sensitivity analyses by examining trends in pre-HBP and HBP by BMI
status, excluding adolescents who had missing values for the covariates and examining
trends in pre-HBP and HBP by BMI status, stratified by age (12-15 years vs 16-19 years),
sex, and race/ethnicity (Tables I-111; available at www.jpeds.com).

Data were analyzed using SAS v 9.3 (SAS Institute, Inc, Cary, North Carolina) and
SUDAAN v 10 (RTI International) to account for the complex sampling design.25 All tests
were 2-sided, and an adjusted Pvalue of <.05 was considered statistically significant.

Current smoking declined significantly among US adolescents from 1988-2012. HEI-2010
increased, especially during 1999-2012. The percentage of adolescents living in higher
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PIR households significantly increased. The mean BMI remained unchanged among
normal weight adolescents, and increased significantly over time among overweight/obese
adolescents. Adjusted mean SBP or DBP did not change significantly during 1988-2012
(Table IV).

Age-sex-race/ethnicity-adjusted pre-HBP prevalence remained unchanged during 1988-2012
among normal and overweight/obese adolescents with and without adjusting for covariates.
During 1988-2012, about 11%-12% of normal weight and 18%-22% of overweight/obese
adolescents had pre-HBP (Table V). In contrast, age-sex-race/ethnicity-adjusted HBP
prevalence appeared to double from 1984-1994 to 1999-2002 among normal weight
adolescents, but not among overweight/obese adolescents and then declined significantly
from 1999-2002 to 2007-2012 among both normal and overweight/obese adolescents.

After further adjusting for the covariates, the prevalence was 0.9% (95% CI 0.5%-1.5%),
2.3% (95% ClI 1.7%-3.2%), 2.4% (95% CI 1.4%-4.0%), and 1.4% (95% CI 0.9%-2.2%)
during 1988-1994, 1999-2002, 2003-2006, and 2007-2012, respectively, among normal
weight adolescents (P = .049 for trend), and 7.2% (95% CI 4.5%-11.3%), 6.6% (95% ClI
5.0%-8.5%), 4.7% (95% CI 3.0%-7.3%), and 3.2% (95% CI 2.2%-4.6%) among overweight/
obese adolescents (P=.018; Table V).

The prevalence ratios (PRs) for pre-HBP by demographic characteristics did not change
over time; PRs for pre-HBP were higher among males compared with females, 16- to
19-year-olds compared with 12- to 15-year-olds, and non-Hispanic blacks compared with
non-Hispanic whites (Table V1).

Among normal weight adolescents, PR for HBP was 2.8 (95% CI 1.5-5.1) during 1999-2002
compared with 1988-1994, and 0.6 (95% CI 0.3-1.0) during 2007-2012 compared with
1999-2002. Among overweight/obese adolescents, PR for HBP was 0.4 (95% CI 0.2-0.8)
during 2007-2012 compared with 1988-1994 (Table V1).

The estimated number of adolescents with pre-HBP increased from 3.53 million (95%

Cl 3.23-4.03) during 1988-1994 to 4.91 million (95% CI 4.53-5.33) during 2007-2012
(Figure, A and Table V). However, the estimated number of adolescents with HBP increased
significantly from 0.65 million (95% CI 0.53-0.91) during 1988-1994 to 1.17 million (95%
Cl 1.04-1.36) during 1999-2002, then declined to 0.69 million (95% CI 0.60-0.86) during
2007-2012, mainly due to significant decline in HBP prevalence since 1999 (Figure, B and
Table V). In spite of this decline, the estimated number of US adolescents with pre-HBP
and HBP increased from 4.18 million (95% CI 3.99-4.81) during 1988-1994 to 5.59 million
(95% CI 5.14-5.95) million during 2007-2012.

The trends in pre-HBP and HBP prevalence were largely unchanged when we excluded
the missing covariates (Table 1), and remained consistent across age group, sex, and race/
ethnicity (Tables Il and 111).

Discussion

Our results, derived from a series of nationally representative samples of adolescents,
suggested that the adjusted pre-HBP prevalence remained largely unchanged among
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adolescents aged 12-19 years during 1988-2012. In contrast, the adjusted HBP prevalence
was halved from 1999-2002 to 2007-2012 among overweight/obese adolescents. The
observed decline in HBP prevalence could not be explained by sociodemographic changes
or by selected risk factors such as age, sex, race/ethnicity, smoking status, physical activity,
dietary factors, waist-to-height ratio, BMI, or income. The observed changes in pre-HBP and
HBP prevalence were largely consistent across age group, sex, and race/ethnicity.

Using NHANES data, a number of studies have examined the temporal trends of BP,
pre-HBP, and HBP;10-13.16 several studies indicated that the mean BP or pre-HBP and

HBP prevalence rose significantly after 1999 compared with 1988-1994 and attributed the
increase, at least partly, to rises in overweight and obesity.10:11.13.16 One study suggested
that the HBP prevalence increased among girls and decreased among boys, comparing the
results from 2003-2006 to those of 1988-1994.12 A recent study of children and adolescents
aged 8-17 years suggested that HBP prevalence declined during 1999-2012.16

However, the findings of the Bogalusa Heart Study, which included 2 convenience samples
of white and black children aged 7-9 years in 1973, who were followed up in 1981 and again
in 1992, suggested that the levels of DBP and SBP, and the HBP prevalence did not increase
despite significant rises in obesity. The study suggested potential problems with interpreting
trends in BP and HBP prevalence based on only 2 time points.}4 In fact, if we compare

the age-sex-race/ethnicity-adjusted pre-HBP and HBP prevalence during 1988-1994 to

that during 1999-2006, it increased from 14.7% (95% CI 12.9%-16.7%) to 18.0% (95%

Cl 16.3%-19.8%) (~=.010) among adolescents aged 12-19 years, consistent with these
findings of other studies.10-13 After adjusting for the available covariates, some of which (eg,
physical activity and HEI-2010) were not available in other studies, the adjusted prevalence
was 16.4% (95% CI 14.2%-18.8%) vs 17.6% (95% CI 16.0%-19.4%) (P = .376). These
results suggest that some of the increase in the combined pre-HBP and HBP prevalence
might be explained by temporal trends in these covariates. In contrast, the findings on
temporal trends in BP and HBP prevalence from other countries were inconsistent, some
studies documented increased BP or HBP prevalence.?8-30 Some investigators argue that
the effect of changes in BMI on BP among children and adolescents is limited,30 and its
association with BP declined over time.3 Still others indicate a decline in mean BP and/or
HBP prevalence despite increasing levels of childhood overweight and obesity.815:32.:33 we
found significant interactions between time and BMI status on the prevalence of HBP. Our
stratified results suggested that HBP, but not pre-HBP prevalence, declined significantly
over time among both normal and overweight/obese US adolescents. The lack of temporal
trends in pre-HBP prevalence did not imply BMI was not associated with BP. The nearly
constant PR (~2.0) of pre-HBP by BMI status (Figure, A) indicated that BMI continued

to be an important and consistent risk factor. Although since mid-2000 obesity among
adolescents appears to be leveling off,2 continued efforts should be made to promote regular
physical activity and healthy diets among adolescents to prevent overweight/obesity and
reduce HBP.A:34

The reasons for the observed decline in HBP are unclear. Because the mean BMI
among overweight/obese adolescents increased significantly over time, from 28.2 (95%
Cl 27.4-28.9) in 1988-1994 to 29.8 (29.4-32.2) in 2007-2012 (P < .001), we expected
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pre-HBP and HBP prevalence to increase, other things being equal, among overweight/
obese adolescents because of the shifted BMI distribution toward right. NHANES

used consistent methods to measure BP among adolescents during 1988-2012; detailed
information about BP measurements, protocol, procedure, and quality control can be found
online regarding NHANES Il and NHANES 1999-2012 (http://www.cdc.gov/nchs/nhanes/
survey methods.htm). One other study documented signifi-cant decline in the prevalence
of current smoking and elevated total cholesterol, and an increased prevalence of higher
HEI-2010 scores during 1988-2010 among US adolescents aged 12-17 years.22 In our
study, however, the results remained largely unchanged after adjusting for smoking status,
HEI-2010, and other covariates.

Some investigators suggest that family history of HBP, which was not collected

from adolescents in NHANES, is an independent predictor of developing HBP among
adolescents.3%-37 However, the HBP prevalence increased significantly among adults since
1988,38 which might not explain the significant decline in HBP prevalence among
adolescents since 1999. It has been suggested that birth weight is an important determinant
of childhood BP.3940 Birth weight was not collected from adolescents in NHANES 111, and
NHANES only began collecting birth weight information in 1999 from adolescents aged
12-15 years; there was no evidence of any significant change in average birth weights among
adolescents aged 12-15 years during 1999-2012 (results not shown). The syndrome known
as “white-coat hypertension” might also present among adolescents and might affect the
observed HBP prevalence.#142 However, white-coat hypertension likely would not explain
the consistent temporal decline in HBP prevalence and differences by BMI status. It is
encouraging that the HBP prevalence among adolescents declined significantly since 1999,
which might have significant public health consequences as adolescents mature. Further
study is needed to determine the causes of the significant decline.

The main strengths of our study include the use of nationally representative data, the
consistent methods used to measure BP across time, and adjustment using a comprehensive
set of covariates to estimate pre-HBP and HBP prevalence.

Our analyses have some limitations. The multiple BP measurements were taken during a
single visit to an MEC rather than over multiple visits as recommended by guidelines.*
Further study is needed to examine temporal trends in clinically diagnosed hypertension
among overweight/obese adolescents. The observed significant decline in HBP prevalence
should be interpreted with caution. Second, our adjustments included a comprehensive list of
covariates, but not family history and birth weight, which might be important determinants
of BP. Third, we were unable to control for confounding related to temporal changes in
physical activity duration and intensity. Fourth, HEI-2010 was based on a single 24-hour
dietary recall and may not reflect usual individual intake. In addition, the methodology for
collecting 24-hour dietary recall in NHANES changed over time (http://www.cdc.gov/nchs/
tutorials/dietary/index.htm). Fifth, multiple imputations for missing information may not
accurately reflect actual values if data are not missing at random.

In summary, our findings indicate the pre-HBP prevalence among US adolescents remained
largely unchanged during 1988-2012. The HBP prevalence declined significantly, among
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overweight/obese adolescents, though the decline cannot be explained by changes in
sociodemographic and selected risk factors. Despite this significant decline in HBP
prevalence, the estimated number of adolescents with pre-HBP and HBP increased during
1988-2012.

Glossary
BMI Body mass index
BP Blood pressure
DBP Diastolic BP
FDR False discovery rate
HBP High BP
HEI-2010 Healthy eating index-2010
MEC Mobile examination center
NHANES National Health and Nutritional Examination Survey
PIR Poverty-income-ratio
PR Prevalence ratio
SBP Systolic BP
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Adjusted PRs of Pre-HBP and HBP among adolescents aged 12-19 years by BMI status, NHANES 1988-2012

Normal weight

Overweight/obese

Characteristics PR for Pre-HBP (95% CI)

PR for HBP (95% ClI)

PR for Pre-HBP (95% ClI)

PR for HBP (95% ClI)

NHANES survey year
1988-1994 Reference
1999-2002 1.00 (0.76-1.33)
2003-2006 1.10 (0.79-1.53)
2007-2012 0.99 (0.74-1.32)
Age group
12-15y Reference
16-19y 2.13 (1.72-2.63)
Sex
Female Reference
Male 3.31 (2.61-4.20)

Race/ethnicity

Non-Hispanic white Reference
1.4 (1.18-1.75)
0.94 (0.74-1.19)

Non-Hispanic black

Mexican American

Reference
2.76 (1.49-5.11)
2.86 (1.30-6.31)
1.61 (0.77-3.36)

Reference
0.62 (0.39-1.00)

Reference
1.31 (0.82-2.12)

Reference
1.61 (1.02-2.53)
1.03 (0.53-2.00)

Reference
1.36 (0.89-2.07)
1.25 (0.76-2.05)
1.19 (0.75-1.89)

Reference

1.77 (1.36-2.31)

Reference

3.60 (2.90-4.47)

Reference
1.19 (0.94-1.50)
0.94 (0.74-1.19)

Reference
0.98 (0.52-1.85)
0.66 (0.32-1.36)
0.43 (0.22-0.82)

Reference
0.81 (0.53-1.25)

Reference
3.10 (2.08-4.63)

Reference
1.14 (0.76-1.69)
0.90 (0.60-1.36)

*
PRs were adjusted for age, sex, race/ethnicity, smoking, physical activity, HEI-2010, PIR, waist-to-height ratio, and BMI.
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