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Abstract

Background—Little is known about isolated systolic hypertension (ISH) in younger adults. We
examined the prevalence and determinants of ISH in this age group using the 1999-2004 National
Health and Nutrition Examination Surveys (NHANES) and made comparisons using data from
NHANES 111 (1988-1994).

Methods—5,685 adults aged 18-39 years and not on antihypertensive medications were analyzed.
Prevalence estimates of ISH and potential risk factors were estimated by age and sex. For comparison
of prevalence estimates with published reports of NHANES 11l data, age cutoffs (18-24, 25-34, and
35-44) by sex were also employed. A multivariate logistic regression model tested independent
determinants of ISH.

Results—ISH in young adults had a higher prevalence than systolic/diastolic hypertension (1.57 +
0.23% vs. 0.93 + 0.18%). ISH prevalence increased within the last decade particularly for males for
each respective age category [males (0.8% vs. 2.2%, 1.3% vs. 2.4%, 1.3% vs. 2.4%), females (0.0%
vs. 0.3%, 0.1% vs. 0.7%, 1.7% vs. 1.8%)]. On multivariate analysis, obesity (OR: 2.68, 95% CI:
(1.06, 6.77), male sex (OR: 2.19, 95% CI: (1.10, 4.37), education level less than high school (OR:
2.98, 95% CI: (1.10, 8.06), and current smoking (OR: 2.06, 95% ClI: (1.03, 4.11) were characteristics
independently associated with higher odds of ISH among young adults. Relative increases in
prevalence between the surveys were noted for current smoking (24.3% vs. 51.5%), obesity (33.9%
vs. 42.7%) and low educational level (18.4% vs. 38.6%).

Conclusions—ISH among young adults is increasing in prevalence, and is more common than
systolic/diastolic hypertension. Obesity, smoking, and low socioeconomic status appear to be
important determinants of ISH among young adults and have all increased over the last decade.
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Isolated systolic hypertension (ISH), defined as systolic blood pressure (SBP) >140 mm Hg
and diastolic blood pressure (DBP) <90 mm Hg,! is often characterized as a phenomenon of
aging because SBP, unlike DBP, increases with age in response to increasing arterial stiffness
and losses in arterial compliance particularly after the age of 40.2: 3 In younger subjects there
has been an increasing interest in the occurrence of ISH, which is thought to have a different
mechanism than ISH of the elderly.# Risk factors for ISH may differ between young adults
and the elderly, but findings from previous studies examining this question are inconclusive.
The onset of hypertension during early adulthood warrants particular concern as even slight
elevations in SBP during early adulthood increase one’s risk for further cardiovascular disease
(CVD) morbidity in later life.1: ® Furthermore, studies of hypertension among young adults
have found associations with structural changes in the heart including increases in left
ventricular wall thickness, left ventricular mass and higher prevalence of left ventricular
hypertrophy.8

Prior prevalence estimates of ISH in adults 40 years old or younger vary dramatically, ranging
from less than 2%,7: 8 to over 16%?2 in cohorts limited to males. Estimates for the prevalence
of ISH among younger women, although limited, suggest that ISH may be less common among
females in this age group.”: 10: 11 Moreover, the use of different definitions for ISH
(160/95mmHg, 160/90mmHg, 140/90mmHg) and inconsistent age cutoffs between studies
have not only limited available data on overall ISH prevalence, but also make comparison
across studies difficult. The existing prevalence estimates of ISH in the U.S. young adult
population are based on the third National Health and Nutrition Examination Survey
(NHANES I11, 1988-1994)2: 10. 12 and do not reflect changes in the prevalence or distribution
of correlated risk factors that occurred during the last decade. While ISH prevalence among
young adults may actually be more common in more recent NHANES surveys, updated
prevalence estimates by hypertensive subtype are not available. Risk factors for ISH such as
obesity have become more prevalent in the U.S. than in the international settings of similar
studies (e.g. United Kingdom,1! Netherlands,® Korea’) and would be expected to influence the
prevalence of ISH in the U.S.; however, earlier U.S.-based studies have not examined the
distribution of known CVD hypertension risk factors in young adults with ISH.

The availability of data from the NHANES 1999-2004 affords the opportunity to examine ISH
among adults ages 18 to 39 before and after accounting for traditional and non-traditional
characteristics previously shown to be associated with hypertension among older adults, such
as sex, race/ethnicity, and socioeconomic status.

METHODS

Study Population

The NHANES 1999-2000, NHANES 2001-2002 and NHANES 2003-2004 (Demographic
Questionnaire and Examination files) public-use data files were used for this study. These
surveys assessed the health status of a nationally representative sample of the civilian non-
institutionalized U.S. population, selected through a stratified multistage probability sampling
design. Full descriptions of the sample design in NHANES 1999-2000, NHANES 2001-2002
and NHANES 2003 -2004 have been reported elsewhere.13

Our analysis pools six years (1999-2004) of NHANES data, which is comparable to NHANES
111 (1988-1994). The stratified, multistage probability cluster sampling design used in
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NHANES 1999-2000 was very similar to the ones used in NHANES 2001-2002 and NHANES
2003 -2004. For the six-year survey estimate, a six-year weight was created by assigning 2/3
of the four-year weight for 1999-2002 and by assigning 1/3 of the two-year weight for
2003-2004 in accordance with the NCHS Analytic and Reporting Guidelines.14

NHANES 1999-2000, NHANES 2001-2002 and NHANES 2003-2004 examined a total of
9,965, 11,039 and 10,122 persons, respectively, one month of age or older (85 years of age
was adjudicated to persons 85 years of age or older). Out of these, 5,733, 6,327 and 5,926
persons were 17 years of age or older in the NHANES 1999-2000, NHANES 2001-2002 and
NHANES 2003-2004, respectively, for a total of 17,986. Of 7,091 adults aged 18 to 39 years,
734 individuals with incomplete SBP or DBP measurements and 123 individuals who reported
antihypertensive medication use were excluded from the final analysis. Treated hypertensives
were excluded from our analysis since once on treatment accurate classification of hypertension
subtypes is not possible. Individuals not belonging to the major racial/ethnic categories of non-
Hispanic white, non-Hispanic black, or Mexican-American (n=549) were also excluded,
yielding a final sample of 5,685. To analyze differences in the prevalence of ISH and
distribution of CVD risk factors over time, the 1999-2004 data were compared to NHANES
I11 using the same population inclusion and exclusion criteria.

Blood Pressure and Hypertension Assessment

BP measurements were collected by trained physicians in accordance with the
recommendations of the American Heart Association Human Blood Pressure Determination
by Sphygmomanometers.1> Mid-arm circumference was measured for each participant prior
to BP measurement for appropriate cuff size selection. Three and sometimes four consecutive
right arm BP determinations were taken using a mercury sphygmomanometer after the subject
had rested quietly in a sitting position for 5 minutes and the examiner determined the maximum
inflation level.16 The cuff was deflated at a constant rate of 2 mm/s, and Korotkoff | and V
sounds were obtained for the determination of SBP and DBP, respectively.l’

The SBP and DBP values quoted in this study represent averages reported to the examinee.
Consistent with World Health Organization conventions (1999) and the seventh Joint National
Commission guidelines!®, hypertension was defined as SBP >140mmHg or DBP > 90mmHg.
Hypertension subtypes in the analysis include: ISH, defined as SBP >140mmHg and DBP
<90mmHg; isolated diastolic hypertension (IDH), defined as SBP <140mmHg and DBP
>90mmHg; and systolic-diastolic hypertension (SDH), defined as SBP >140 mmHg and DBP
>90 mmHg.

Baseline examination

Race/ethnicity was self-reported in the NHANES Demographic component. The analytic
sample includes Mexican Americans, non-Hispanic whites, and non-Hispanic blacks. The
results for the “other race — including multiracial” and “other Hispanic” groups were not
included in the total sample analyses because of the heterogeneity of these categories. Three
income variables were created using reported total family income: $19,999 or less, $20,000 -
$34,999, and $35,000 or more. Sex and education categories follow the response choices in
the Demographic questionnaire. Insured participants reported having health insurance or other
type of health care plan at the time of the survey.

The NHANES included questions about smoking, alcohol consumption, and physical activity.
Smoking status was derived from two questions in both surveys, “Do you smoke cigarettes

now?” and “Have you smoked at least 100 cigarettes in your entire life?” Smoking status was
defined as current smokers (subjects who answered “Yes” to both questions), former smokers
(subjects who answered “No” to the first question and “Yes” to the second question), and never
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smokers (subjects who answered “No” to both questions). Alcohol status was dichotomized
based on the question, “In any one year, have you had at least 12 drinks of any type of alcoholic
beverage?” Individuals identified as physically active answered “Yes” to the question, “Over
the past 30 days, did you do any vigorous activities for at least 10 minutes that caused heavy
sweating, or large increases in breathing or heart rate?” Body Mass Index (BMI) was
categorized in accordance with the National Institutes of Health Guidelines on Overweight and
Obesity.19 Non-overweight individuals are those with a BMI < 25 kg/m?; individuals with a
BMI between 25 kg/m? and 30 kg/m? are overweight, while individuals with a BMI of 30 kg/
m? or greater are obese. High total cholesterol (>240 mg/dL) was defined in accordance with
the National Institutes of Health Report on the Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults.1

Data on diabetes and health insurance were obtained through self-report. To determine diabetes
status, participants were dichotomized according to the question, “Have you ever been told by
a doctor that you have diabetes?”

Statistical Analysis

RESULTS

Crude prevalences of ISH, IDH, and SDH are presented. A separate analysis examined
hypertension subtype prevalence by age group and BMI category. Subjects with ISH were
compared to individuals belonging to other hypertensive subtypes by CVD risk factors and
other sociodemographic and physiologic characteristics. Within-group comparisons among
those with ISH by sex were also performed. NHANES 111 data were also analyzed to contrast
CVD risk factor distributions among those with ISH to individuals with ISH in NHANES
1999-2004. We present average values of BP indices including SBP, DBP, and pulse pressure
(PP) to characterize ISH in the study population. To determine significant differences, Chi-
square (discrete variables) and t-tests (continuous variables) were used.

Multiple logistic regression was used to estimate the strength of the association of selected
characteristics and hypertension risk factors with the prevalence of ISH. Although neither
physical activity level nor family history of hypertension exhibited a univariate association
with ISH, they were included in our multiple regression model based on previous research
showing their independent association with hypertension. Because some of the risk factors and
the outcomes are differently distributed by sex, interactions between sex and age, race/
ethnicity, and BMI were tested in the final model. The number of records included in the
analyses varied depending on the covariates included in the model.

Data management procedures were carried out with SAS20 and the statistical analyses were
conducted using SUDAAN to generate population estimates based on NHANES sampling
weights.21 SUDAAN takes into account the complex sampling design yielding unbiased
standard error estimates. Sample sizes included in Table 1 were unweighted. However,
estimates for means, proportions, standard errors, and ORs with their 95 percent (%) confidence
intervals (CI) presented in Tables 1, 2 and 3 were weighted. For all analyses, a p value of <
0.05 was considered statistically significant.

Prevalence of Hypertension Subtypes

Of the 5,685 subjects aged 18-39 in the NHANES 1999-2004 sample, 90 (1.57% £ 0.23) had
blood pressure readings consistent with the clinical definition of ISH. The overall crude
prevalence of ISH in the study population was 2.23% in males and 0.92% in females (p=0.004).
The overall prevalence of IDH and SDH in this population was 2.66% + 0.36 and 0.93% +
0.18, respectively. The prevalence of each hypertension subtype was consistently higher among
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males. ISH, IDH, and SDH prevalence generally rose by increasing age group and BMI, except
for ISH prevalence in males, which was higher in the 18-29 age group than in the 30-39 group,
and SDH prevalence in females, which fell in the BMI > 30 category. ISH was the most

common form of hypertension among males ages 18 to 29 in the study population. (Table 1)

The most recent U.S. estimates by hypertensive subtype, using NHANES |11 (1988-1994) data,
found the prevalence of ISH in males to be 0.8% for ages 18-24, 1.3% for ages 25-34, and
1.3% for ages 34-44. The results for females according to this age categorization were 0.0%,
0.1%, and 1.7%, respectively.10 For comparison of prevalence estimates, we analyzed the
NHANES 1999-2004 data employing similar age categorization and found the prevalence of
ISH among males to be 2.2% for ages 18-24, 2.4% for ages 25-34, and 2.4% for ages 34-44.
Similarly among females, the prevalence of ISH increased to 0.3%, 0.7%, and 1.8% per the
respective age categories. We performed a separate analysis to estimate the prevalence of ISH
among adults ages 18-39 in NHANES IIl. The prevalence of ISH among young adults has
more than doubled between the NHANES 111 and 1999-2004 surveys (0.66% vs. 1.57%)
(Figure 1).

Characteristics of Study Participants

Table 2 presents the distribution of selected characteristics overall and by hypertensive subtype.
In general, the majority of participants were non-Hispanic white (73.2%), completed education
beyond high school (52.4%), and reported an annual household income of at least $20,000
(72.5%). The distribution of CVD risk factors supports the low prevalence of hypertension in
the overall sample. Only 10% of participants had high cholesterol, approximately 1% were
diabetic, and over half had never smoked. One-quarter of individuals had no form of health
insurance coverage. Average total cholesterol values for the overall study population were
within normal ranges. Approximately fifty-five percent of the participants were overweight or
obese.

Individuals with ISH differed significantly from the rest of the sample by mean blood pressure
indices, height, weight, and BMI. Compared to IDH and SDH, individuals with ISH were
significantly younger (p=0.007), and had higher mean weight and proportion of males when
compared to normotensives. In contrast with both other subtypes and normotensives,
individuals with ISH differed by smoking status, health insurance coverage, income, and
educational attainment. Significant differences among those with ISH were observed in the
distribution of sex (p=0.004), race/ethnicity (p=0.04), annual household income (p=0.05),
education level (p=0.03), health insurance coverage (p=0.008), and smoking status (p=0.01).

Characteristics Based on Age Group and Sex

Although the overall prevalence of ISH was higher among males (p= 0.004), statistically
significant differences by sex among individuals with ISH were limited to mean age, weight,
and height. Males with ISH were, on average, taller (176.6 cm = 1.0 vs. 161.4 cm + 1.4;
p<0.001), heavier (92.0 kg + 2.8 vs. 79.1 kg £ 5.5; p=0.04), and younger (28.0 years + 0.8 vs.
32.7 years + 1.4; p=0.004) than females with ISH. Mean BMI, and distribution by BMI
categories, did not vary significantly by sex.

Compared to individuals in the 18-29 age group, the ISH 30-39 age group had significantly
higher DBP, significantly lower PP, a larger proportion of non-Hispanic blacks and Mexican-
Americans, more current smokers, and more individuals who were overweight or obese.
Individuals with ISH in the 18-29 age group, in contrast with the 30-39 age group, had a higher
degree of alcohol consumption, were more likely to report a family history of hypertension or
stroke, a larger proportion who completed education beyond high school, and had significantly
lower household incomes. While the 18-29 group was predominantly male (83.70% + 5.85),
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ISH in the 30-39 age group approached an even distribution by gender (56.59% + 8.48 male).
Among those with IDH, the older age group had higher DBP and more were physically inactive,
whereas more individuals in the younger age group never smoked. Unlike ISH, the distributions
of sociodemographic indices in IDH were similar across age groups. Among those with SDH,
the older age group had a higher mean BMI, larger proportion of overweight/obese individuals
and a higher percentage of non-Hispanic blacks, while individuals in the SDH 18-29 age group
were more likely to be current smokers. (Data not shown)

Characteristics Based on Hypertensive Subtype

A separate analysis was performed comparing individuals with ISH to other hypertensive
subtypes (IDH and SDH), and to those with normotensive status (Table 2). Compared to both
normotensive and other hypertensive individuals, individuals with ISH were more likely to
smoke, report a lower household income, have no form of health insurance coverage, and not
have completed high school.

When compared to normotensives, participants with ISH were heavier, had a higher mean BMI,
and notably higher mean DBP (76.2mmHg + 1.3 vs. 68.2mmHg £ 0.2, p<0.001) and were more
likely to be male. Individuals with ISH were not significantly taller than either normotensives
or individuals with IDH and SDH. When compared to other hypertensives, participants with
ISH were significantly younger (29.5 years £ 0.8 vs. 32.1 years £ 0.7; p<0.001) and more likely
to be non-Hispanic black.

Factors Associated with ISH in Multivariate Analysis

Income, non-Hispanic black race/ethnicity, and absence of health insurance coverage were
associated with ISH only in the unadjusted analysis. Height was not associated with ISH risk
in crude regression analysis (p= 0.57). We found robust associations between male sex, BMI
> 30, current smoking, and education less than high school with ISH as shown in Table 3.
Males were more than twice as likely as females to have ISH, before and after controlling for
other sociodemographic and CVD risk characteristics. Obese individuals were almost three
times as likely as individuals with a BMI < 25 to have ISH in the unadjusted and adjusted
models. Current smokers were more than twice as likely as non-smokers to have ISH in both
analyses. Individuals with an educational level of less than high school exhibited the greatest
risk for ISH in both the unadjusted and multivariable models. Physical activity did not show
a significant association with ISH in either unadjusted or adjusted models. Tests for interaction
between gender and BMI (p=0.21), gender and age (p= 0.08) and gender and race/ethnicity
(p=0.57) were not statistically significant using the Wald F test.

Figure 2 shows a comparison of weighted prevalence estimates of factors in NHANES Il and
NHANES 1999-2004 associated with ISH in the current multivariate analysis. In a comparison
of young adults with ISH in both surveys, there has been a relative increase in prevalence of
adverse socioeconomic indices such as low educational level and uninsured status as well as
increases in traditional cardiovascular risk factors such as smoking and obesity. The largest
relative increase between surveys was the prevalence of current smoking among young adults,
with more than twice as many smokers in the more recent NHANES (51.6% vs. 24.3%).

DISCUSSION

A limited amount of U.S. population data has been previously available about the prevalence
of ISH in the young.2 10: 12 Using the most recent U.S. population estimates, this study suggests
that ISH may affect over one million adults ages 18 to 39. The weighted prevalence of ISH in
the U.S. between 1999 and 2004 was 1.57%, corresponding to over 1.1 million (95% CI: 0.95
million to 1.3 million) individuals ages 18 to 39 using NHANES weighted population
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estimates. ISH is more common among young adults in our study than SDH. Furthermore, we
show that the rates of ISH in the young, by age group and sex, have nearly doubled in almost
every category in the decade between NHANES I11 and NHANES 1999-2004, and the overall
prevalence of ISH among adults ages 18 to 39 has more than doubled between these surveys.
The results also illustrate that while the overall prevalence of ISH is significantly higher among
young adult males, the prevalence of ISH increases with age among young females. Our data
also illustrate for the first time that cardiovascular risk factors as well as socioeconomic indices
are independent determinants of ISH among young adults. Obesity, male sex, smoking, and
low educational level were each associated with higher odds of ISH in our study population of
young adults. Furthermore, we show that these risk factors have become more prevalent among
young adults with ISH in the U.S. over the last decade.

Obesity affects more than one-third of adult Americans.2? It is not uncommon to see obese
individuals with concomitant hypertension. In our cohort, obesity as defined by a BMI > 30kg/
m?2, was significantly associated with a higher risk of ISH among young adults. Increased blood
viscosity is associated with obesity and might, by increasing the rheological component of
peripheral resistance, contribute to obesity-associated changes in arterial blood pressure.23
Body fat has been shown to be a strong predictor of aortic stiffness in both young and older
adults24, which may account for the isolated elevation in SBP among obese young adults.

Young adult males are shown in the current study to have an increased risk for ISH. Recent
study also shows that teen boys are more likely to develop higher SBP levels as they get older
than teen females.2> Male sex may confound previously reported associations between height
and I1SH.% 9 Increases in body height have been positively correlated with systolic pressure
amplification and elevated peripheral systolic pressure.26 In our sex-specific analysis, males
were on average taller than females and are more likely to have elevated brachial SBP.
However, height was not associated with ISH risk in our crude regression analysis and
individuals with ISH were not significantly taller than either normotensives or individuals with
IDH and SDH. Our results suggest that male sex, and not height, is a more significant
determinant of ISH among young adults.

This study finds young adults with ISH are more likely to be current smokers than
normotensives or other hypertensives, even though the association between smoking and ISH
has been inconsistent in prior studies.”+ 27 Both crude and adjusted regression analyses
demonstrated a robust independent association between ISH and smoking. The persistent
association between smoking and ISH risk supports a growing body of research about the
effects of smoking on arterial compliance suggesting that smoking elevates SBP by increasing
arterial stiffness, even among younger adults.11: 27, 28

Individuals with ISH had significantly greater disparities in socioeconomic factors including
lower household income, lower educational attainment, and lack of health insurance. These
socioeconomic factors may be particular to this age group compared to older adults. Such
disparities may limit a young adult’s healthcare access, influence their risk of being overweight
or obese, and can inhibit management of co-morbidities associated with ISH.2° On multivariate
analyses including all socioeconomic indices in our regression model (income, education, and
insurance coverage), only educational status was independently associated with a three-fold
increased risk of ISH among young adults. Prior studies document an association between
educational level and hypertension risk.2%-31 This study extends these prior associations to the
specific group of ISH in young adults. Causal mechanisms between socioeconomic status and
hypertension among younger adults may be the same as those speculated for overall older
hypertensives (i.e. - dietary factors, obesity, increased stress, differences in lifestyles and
behavior patterns) but this will require further investigation.
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Hypertension is known to be more common among non-Hispanic blacks in the U.S. when
compared to non-Hispanic whites.® Prior studies correspond to essential hypertension and not
to ISH, particularly among this age group of young adults, so direct comparison to our results
is difficult. However, prior studies had not looked at race/ethnicity as a determinant of 1SH32
and we now provide some insight regarding this. Young adults of non-Hispanic black race/
ethnicity had significantly higher odds of ISH relative to non-Hispanic whites in our unadjusted
regression analysis. However, after controlling for other variables in our adjusted model, non-
Hispanic black race/ethnicity was no longer associated with elevated ISH risk. Non-Hispanic
black adults typically have higher blood pressure and tend to develop hypertension earlier than
non-Hispanic whites33 so it is entirely plausible that non-Hispanic black young adults have
more ISH. However, the association between non-Hispanic black race/ethnicity and ISH may
be confounded or mediated by other factors and have diminished particularly because our full
model also controlled for socioeconomic factors that differ by race/ethnicity (income,
education, and insurance coverage).

Strengths and Limitations

The strengths of this study include a relatively large, nationally-representative, sample of young
adults with ISH, including females, which can be weighted to U.S. population estimates on the
basis of the complex NHANES survey design. The 1999-2004 pooled sample provides six
years of data and use of the most recent NHANES at the time of this study. The study population
is also limited to adults ages 18-39 to emphasize characteristics and risk factors specific to a
younger adult population.

Despite these strengths, there are a few limitations pertaining to the use of the NHANES data
for our study. First, the NHANES data is cross-sectional and therefore cannot be used to draw
causal inferences about relationships between ISH and the characteristics presented in this
study. Second, despite the pooling of data from three NHANES surveys, the number of women
with ISH in the analytic sample is relatively small (n=29). This small sample limits the power
of our multivariable regression to detect sex differences in risk of ISH and may explain why
we failed to detect differences in the distribution of risk factors between men and women with
ISH in our separate sex analysis. Third, the data on alcohol consumption, smoking, physical
activity, and family history of hypertension are based on self-report with the possibility of
misclassification of exposure. However, this bias, if non-differential, would be expected only
to lead to an underestimation of the association between ISH and these risk factors.

This study illustrates that although individuals with ISH met diagnostic guidelines for normal
DBP (<90mmHg), on average, their mean DBP was significantly higher than normotensives
by almost 20mmHg. Individuals with ISH in this study population differ from normotensives
by both higher SBP and DBP, which may bias risks based on elevated SBP towards the null.
Thus pulse pressure should be an important consideration in identifying ISH as this measure
is less sensitive to categorical cut-offs for hypertension. The clinical definitions of ISH and
IDH should, in theory, yield individuals with higher mean pulse pressure than either
normotensives or those with SDH. This remains to be tested in future studies.

Ambulatory BP was not measured in the NHANES and may provide a more accurate diagnostic
tool for ISH.34 White coat hypertension, which is more prevalent in younger adults and has
strong associations with obesity, may influence clinical identification of ISH.35 36 White coat
hypertension may have accentuated our association between ISH and obesity as well as
possibly helping to overstate the prevalence of ISH in this population. However, this limitation
would also be true of any prior study of ISH among young adults. Use of ambulatory BP
monitoring in future studies may facilitate more accurate estimates of ISH in this study
population.
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Conclusions

ISH is more common than SDH among young adults in a nationally representative sample.
The prevalence of the ISH hypertension subtype has nearly doubled among young adults during
the last decade. This may reflect the observed increases over time in the prevalence of
cardiovascular risk factors found to be associated with ISH among young adults, particularly
obesity and smoking which are potentially modifiable co-morbidities.

The data also illustrate for the first time that socioeconomic factors are important determinants
of ISH risk among young adults. Further research is necessary to elucidate the mechanisms by
which socioeconomic factors affect ISH incidence among younger adults and whether
intervention on both the traditional and non-traditional risk factors identified can help stem the
apparent increasing prevalence of ISH among young adults.
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Figure 1.
Prevalence of ISH overall among adults ages 18-39 and contrast with published prevalence
estimates by sex and age group in the National Health and Nutrition Examination Survey
(NHANES) 111 and NHANES 1999-2004. Error bars represent 95% confidence intervals for
the overall estimate.
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Figure 2.

ISH risk factor prevalences among adults ages 18-39 in the National Health and Nutrition

Examination Survey (NHANES) 111 and NHANES 1999-2004.

J Hypertens. Author manuscript; available in PMC 2011 January 1.




Page 14

Grebla et al.

"Xapul ssew Apog ‘[INg uoisuaLadAy o1j01seIp-01j01sAs ‘HAS ‘uoisuauiadAy o1j0iseIp palejost ‘HA| ‘uoisualiadAy 91101sAs pale|os ‘HS| ‘ASAINS UoIRUILEXT UORLINN Pue YI[eaH [euoiieN ‘SINVHN

"S00>d
%

‘paybramun si zis ajdwes ‘erep SINWHN 8yl yum papiaoad siybiam Buisn [ans] uoirejndod 03 pajyBiam are sonsiiels '3S F saousjenald ae ereq

GOFTYT 2I0FvT0 LCTTF00E €0T¥6rS €90¥.0C LO6T*6L6 T1,0¥29C G50¥29T ,O0CT+.I8€ 0€ <
ZVOFE0T ¥S0F960 090F80T TY90FS9Z 090F860 ,LSBOFY8E 6e0F89T 0E0F0L0 ,L090F8ET 0€ - §¢
STOFTF0 9T0FEZ0 €Z0F290 EEOFPIT PEOFG60 BYOF9ET E€T0F.80 ECOFYI0 GSEOFETT Gz >
(cw/Bx) 1INg
GE0FLET O0E0F8L0 9S0FL6T C¢90F¥6e 050F¥8T ,LCOTFTIT9 2e0FGOT 9E0F8ET  6VOFVET 6€-0€
STOFSS0 GSTOFIT0 OVOFE60 PE0F2ST ¥Z0FTL0 LSSOF2ET zeoF6rT 2Z0F6r0 LVSOF8Ye 62-8T
(s1eak) aby
8T0F€60 9T0F9r0 LEE0FCVT 9g0¥99C 620¥GcT LSS0F60V €20¥/.9T Tc0¥e60 LBEOFELT 11e19A0
e SoJewsa- ST |elol salewsa SETET el Solewa SETET
Has Hai HSI

¥002-666T SANVHN ‘6£-8T sabe synpe Buowe |G pue abe ‘Japuab Ag sadAigns uoisusnadAy Jo aouajensid

NIH-PA Author Manuscript

T 3lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Hypertens. Author manuscript; available in PMC 2011 January 1.



Page 15

Grebla et al.

wen gLz (6zT)SLe  (evTDvie (22s)€Te  (SL'S) 0Ty 666'6T$ >
100 ¥0'0 (@sn ur) awoou| pjoyasnoH [enuuy
(tot) szt (e0m)oer  (BS¥Wv6  (992) 08  (S8€)8TT SN 8pIsINO
(tot) 8 (e0T)6'98 (85%) 906 (9977) 026 (S8°€) 2’88 'sn
7.0 970 yuig jo Anunod
(8zT) et (zT)oer (162018  (092)66  (19%) T'9T UBDLISWY UBJIXSIN
(6rT)8eT  (8BTTISET  (bz9)v8T  (9r'e) 99T  (20'S) L'9¢ >oe|g dluedsIH-UON
(esT)ees (evT)seL  (woL) el  (0Sv) g€l (vel)Tls 3NYM d1UBdSIH-UON
80°0 500 Auouyiz/eoey
(6L0)vvos (080)8TS (ST8)9ve (e0v)Ove (¥S'S) L'6C afewa4
(6L0) 956y (080) 28y (sT8)v's. (o) 09L (¥SQ) €L aleN
T00°0> 8€0 Japuag
Trnew  (STT)eor  (v08)889 (vS)T0L (669) v'6y 6€ - 0€
(tr1)ees  (sr1)zes  (vog)zie  (wws)e6c  (66'9) 9°0S 6¢ - 8T
S9°0 200 (s1eak) aby
(3s) % (3s) % (33) % (3s) % (3s) %
000>  T000> ECO0FSvY E0FEYY (ten)ver  (L90)9GE  OF'TF089 (BH ww) ainssaid asind
T000>  T000> 9Z0FE69 €20F 289 (tzr)eee  (680)626  92ZTFC9L (6H ww) daa
T000>  T000> TEOFLEIT  LZ0FGCIT  (L6T)LLvT (650)9'82T SYOFZHyT (BH ww) dgs
170 660  GLO0FYe8T  Z80FL/8T  (96'G) 86T (S8%) 9902 SGr9Fve6T  (Ip/Bu) |osaisejoyD [eloL
70 900 820¥9€.  8zo¥veL  (WezL  (STTIS8L  T9TFLWL (wdaq) a1ey 8sind
8000 120 2T0¥6'9c €T0-/+89z (692)€ce  (¢80)605  00TFG6C (cw/Bx) INg
600 820 LTOFE0LT 9T0—/+20.T (E€T)6'€LT  (¥6°0)GELT 60TFTTLT (wo) 3ybreH
€000 110 660F98. Ov0—/+8LL (#16)566 (TTE)ZE6  STEF¥./8 (65) ubrom
v2'0 L00°0 9T'0¥98 9T0-/+58 (860)9T€  (920)€2€  ¥80FG6C (s1eak) aby
3S F UeSIN 3S F UesN JSFUBSN TS F UBSIN 3S F UesN\
- e -

7002-666T

SINVHN :]Je4an0 pue adAigns anisualiadAy Ag 6g-8T sabe synpe Buowe $1019e) XS1I 3SeasIp JeJNISEAOIPIRI PUR SJIISLIS1dRIRYD PalIg)as JO uonnglisia

NIH-PA Author Manuscript

c?9lqel

NIH-PA Author Manuscript

NI

H-PA Author Manuscript

J Hypertens. Author manuscript; available in PMC 2011 January 1.



Page 16

Grebla et al.

(80T) 629 (S0T)8E9 (656)2TE  (vEQ) Tl (8TL)€9S ON
(BoT)TLe  (S0T)Z9e  (65'6)6'89  (vE9)8CS (8CL) 9ty SOA
820 €10 a)0415/uoisuaadAH Jo AloisiH AjiweS
(wzT)ges (82T)6es (TT9)eT. (s eey (LS T'8S ON
Wz sor (Bnow (Gre)Lee  (rs) L9 (LL9)6Ty SOA
LE0 €e0 AV A1edisAud
(6L0)¥sz (280 ezve (weinoey (€89 LTS (€82) LTy +0€
(01)00e  (WTT) 66 (€6TT)G9E  (L6'V)G6C (cv9) v'ee 0€ -G
(Bomovy (tzT)esy (052 GTe  (L€9) 68T (619) 6 Ge >
€000  L¥0 InNg
(8T'0)6'86 (8T'0)0'66 (2€0).66 (2€2)v's6 (150) G566 ON
(gro)TT  (810)60  (cc0)€0  (cc9r  (150) 50 SOA
o 600 onagelq
(2g0)c0o6 (2500906 (ev9)688 (T2¥) 908 (VT¥)OV8 (Ip/Bw 0vz>) lewloN
(25086 (50 v6 (ev9) 0Tt (T2 G6T  (FT'1) 09T (Ip/Bw 0v2<) UbIH
€10 €80 |0J81S3]0YD [€101
(o01)12e  (r1)eee  (6ze)vve (0£9) 68T  (26°€) OWT awnayl| Buunp syuLp z1 >
(orm)ess (e L. (eze)9s.  (0es) 118  (26°€) 098 Teak auo ur s)ULp g1 <
€€0 900 uondwnsuod |oyod |y
(e vvs (eeT)Lvs (658)€6S (LTS TS (229 0'Ge 18NN
(zzo)ret  (9ro)ver (180T v'9c  (6vv) €8T  (29°€) v'ET Jawio4
(czm)61e  (9zT6TE  (TE)e8T  (LEV)Sve (92°9) 91§ weung
T000  TOO'0> snyels Bupjows
(ernese (€rnoe wsD1se (el (o) vsy aoueInsul yifeay aney jou saod
(erT)Les  (etmees wslev. (Qewvel (@r9)ovs adueInsul yieay Aq paanod
€000 00 3ouRINSU| YlfeaH
e ves (seT)8es  (we)ves (68°9) 08y (L29)vee 100y2S YbIH <
(or1) 8Lz (ezT)6Le  (€99)TLT  (Bo9)eoe (87'S)0'8C 100Y9S YBIH
(cg0)86T (s80)€6T (8V0T)v'6c (90W) LT (v2'9) 9'8E 100YS UbIH >
2000 700 1997 uoleanp3
(LgT)e0s  (esTvos (ere)oor (255)8vs (82'S) 6°0F 000'GE$<
(L60)cze  (60)zee (8re)98c  (s8€)6€c (12S) 0'8T 666'7€$ - 000'0¢$
(3s) % (39) % (3s) % 3s) % (3s) %

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Hypertens. Author manuscript; available in PMC 2011 January 1.



Page 17

Grebla et al.

NIH-PA Author Manuscript

SAAISUBJOWION 'SA HS] 10} mw:_m?n_”_ﬁ

(Hal + HAs) saalsualadAH JaUY1O "SA HS] 40} mm:_m?n:
"S9|qelieA [eatiobared Jo) aouspuadapul Jo 158} X 84} pue s3] qeLieA SNoNUNUD J0j 3sal-} 8y} 01 puodsali09 sanjeA-d
‘payBramun si azis ajdwes ‘erep SINWVHN aup yum papiaoud syybiram Buisn [aas] uoneindod 01 paybiam ale so1sielS 810N

"700Z-666T ‘UOIUSASI PUE |041U0D 8seasi] 10} SI31UaD) ‘S30IAISS URWINH PUE YIfeaH Jo Juswiedaq 'S :304n0S

NIH-PA Author Manuscript NIH-PA Author Manuscript

J Hypertens. Author manuscript; available in PMC 2011 January 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Grebla et al.

Table 3

Page 18

Estimated unadjusted and adjusted odds ratios from logistic regressions of ISH by BMI, smoking, activity, and
other characteristics for adults ages 18-39, NHANES 1999-2004

OddsRatio 9596 CI  AdIUSIEd Odds —g50,
Age (per year) 1.02 (0.98, 1.06) 1.01 (0.96, 1.06)
BMI (kg/m2)
< 25 (reference) 1.00 1.00
25-30 1.95 (0.91, 4.18) 1.83 (0.78, 4.30)
30+ 3.06 (.31, 7.14) 2.68 (1.06,6.77)
Smoking Status
Current 2.56 (1.4, 4.53) 2.06 (1.03, 4.11)
Former 1.52 (0.79, 2.95) 1.62 (0.77, 3.42)
Never (reference) 1.00 1.00
Physical Activity
Yes 0.83 (051, 1.33) 1.26 (0.70, 2.28)
No (reference) 1.00 1.00
Gender
Male 2.46 (1.42, 4.28) 2.19 (1.10, 4.37)
Female (reference) 1.00 1.00
Race/Ethnicity
Non-Hispanic White (reference) 1.00 1.00
Non-Hispanic Black 2.52 (1.35, 4.70) 1.79 (0.77,4.17)
Mexican American 1.63 (0.78, 3.42) 0.78 (0.25, 2.44)
Annual Household Income (in USD)
<$19,999 1.89 (1.21, 2.95) 1.36 (0.77, 2.42)
$20,000 - $34,999 1.06 (0.51, 2.17) 0.84 (0.36, 1.91)
>$35,000 1.00 1.00
Education Level
< High School 3.21 (1.58, 6.52) 2.98 (1.10, 8.06)
High School 1.62 (0.81, 3.26) 1.39 (0.63, 3.10)
> High School (reference) 1.00 1.00
Health Insurance
Covered by health insurance 1.00 1.00
Does not have health insurance 2.25 (1.36, 3.73) 1.38 (0.71, 2.68)
Family History of Hypertension/Stroke
Yes 1.32 (0.75, 2.33) 1.29 (0.66, 2.49)
No 1.00 1.00

N =5,685. Statistics are weighted to population level using weights provided with the NHANES data; sample size is unweighted. NHANES, National
Health and Nutrition Examination Survey; BMI, Body Mass Index; ISH, isolated systolic hypertension.
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