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Essential Hypertension Predicted by

Tracking of Elevated Blood Pressure From
Childhood to Adulthood: The Bogalusa

Heart Study

Weihang Bao, Sam A. Threefoot, Sathanur R. Srinivasan, and Gerald S. Berenson

It is well known that blood pressure (BP) levels
persist over time. The present investigation
examines tracking of elevated BP from childhood
to adulthood and its progression to essential
hypertension.

In a community study of early natural history of
arteriosclerosis and essential hypertension, a longi-
tudinal cohort was constructed from two cross-sec-
tional surveys >15 years apart: 1505 individuals
(56% female subjects, 35% black), aged 5 to 14
years at initial study.

Persistence of BP was shown by significant cor-
relations between childhood and adulthood levels
(r = 0.36 to 0.50 for systolic BP and r = 0.20 to 0.42
for diastolic BP), varying by race, sex, and age.
These correlations remained the same after control-
ling for body mass index (BMI). Twice the ex-
pected number of subjects (40% for systolic BP and
37% for diastolic BP), whose levels were in the
highest quintile at childhood, remained there 15
years later. Furthermore, of the childhood charac-
teristics, baseline BP level was most predictive of
the follow-up level, followed by change in BMI.

Subsequently, even at ages 20 to 31 years, preva-
lence of clinically diagnosed hypertension was

much higher in subjects whose childhood BP was
in the top quintile: 3.6 times (18% v 5%) as high in
systolic BP and 2.6 times (15% v 5.8%) as high in
diastolic BP, compared to subjects in every other
quintile. Of the 116 subjects who developed hyper-
tension, 48% and 41% had elevated childhood sys-
tolic and diastolic BP, respectively. Hypertension
that developed in early adulthood was more preva-
lent in blacks, in subjects who had higher BP or
BMI in childhood, or had gained more BMI from
childhood to adulthood. The prediction of hyper-
tension by earlier BP level was enhanced by multi-
ple examinations. Estimated from 419 subjects who
participated in four other surveys, individuals
showing elevated BP levels at multiple times were
more likely to develop future hypertension.
Elevated BP levels persist over time and progress
to adult hypertension. Repeated measurements of
BP early in life improve the prediction of adult
hypertension. Am J Hypertens 1995;8:657-665
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ssential hypertension has long been identi-
fied as a potent cardiovascular disease risk
factor in adults.! It is an underlying basis of
congestive heart failure, cerebrovascular ac-
cidents, and renal failure and is commonly associated
with diabetes mellitus. Early treatment of hyperten-
sion has been shown to reduce significantly subse-
quent cardiovascular morbidity and mortality.> How-
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ever, hypertension is poorly understood in its early
asymptomatic stages, where development of hy-
pertension involves complex and multiple mecha-
nisms. Among adolescents and young adults, ele-
vated blood pressure is also associated with the
presence of early atherosclerotic lesions. Therefore,
understanding the persistence of blood pressure over
time and its progression into clinical hypertension
would aid in early identification and prevention of
hypertension.**

Persistence (tracking) of elevated blood pressure
over time has been demonstrated in children.” '8
However, few large-scale epidemiology studies have
shown the long-term persistence of elevated blood
pressure from childhood into adulthood, and more
important, how the persistent elevation in blood
pressure ultimately develops into adult hyperten-
sion. Studies of this type not only help understand
when and how adult hypertension occurs, but also
have implications for early detection and perhaps
prevention of the development of hypertension by
appropriate dietary and lifestyle modifications.

In a community-based biracial population, the
present study examines the tracking of blood pres-
sure from childhood to adulthood, and the pre-
dictability of adult hypertension from childhood
blood pressure. The enhancement of this predictabil-
ity by multiple observations was also assessed in a
subsample.

MATERIALS AND METHODS

Population Two cross-sectional surveys were con-
ducted in 1973 to 1974 and 1988 to 1991 as part of the
Bogalusa Heart Study, a long-term epidemiologic
study of cardiovascular disease risk factors in a bira-
cial (64% white and 36% black) population of children
and young adults."”” Chosen for the current study
were 1505 subjects who were in both the 1973 to 1974
(baseline) and the 1988 to 1991 (follow-up) surveys.
The subjects were 5 to 14 years old at baseline and 20
to 31 years old at follow-up. Age, race, and sex dis-
tribution of the study population are given in Table 1.
At baseline, participants in the current study did not
differ from nonparticipants (n = 2360) in weight,
height, and blood pressure (data not shown).

General Examinations All examinations followed
the same protocols.'® Subjects were instructed to fast
for 12 h before the screening, and compliance was
determined by an interview on the morning of the
examination. Blood was drawn by antecubital veni-
puncture to obtain serum and plasma.

Height was measured to within 0.1 cm, weight to
within 0.1 kg, and subscapular and triceps skinfolds
to within 1.0 mm. As a measure of obesity, the body
mass index (BMI = weight [in kilograms]/height [in
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TABLE 1. AGE, RACE AND SEX DISTRIBUTION OF
THE BOGALUSA HEART STUDY COHORTS

Age Age
5to0 9 10 to 14
Race/Sex Years Years Total
Whites
Male 176 261 437
Female 232 309 541
Blacks
Male 101 121 222
Female 142 163 305
Total 651 854 1505

Values are numbers of subjects for each subgroup.

meters]?) was calculated. Blood pressure levels were
measured on the right arm with subjects in a relaxed,
sitting position. The cuff size used for blood pressure
determinations was based on measurements of right
arm length and circumference. Systolic blood pres-
sure was recorded at the first Korotkoff phase, and
diastolic at fourth and fifth phases. The fifth phase
was used to determine diastolic hypertension in
young adults, and the fourth phase was used in the
rest of the analyses. The blood pressure levels re-
ported were the mean of six replicate readings taken
by two randomly assigned trained nurses. During an
interview, the subjects were also asked if they had
ever been treated for hypertension. In the follow-up
examination parental history of disease, including
hypertension, was obtained through a self-reported
questionnaire.

Statistical Analyses The Statistical Analysis System
was used.”® Changes in blood pressure over time
were evaluated by analysis of variance. Stratified by
age, Pearson correlations were used to examine the
associations between baseline and follow-up levels,
with and without adjustment for BMI. The persis-
tence of high and low blood pressure over time was
then illustrated by constructing a baseline race-, sex-,
and age-specific quintiles of the blood pressure.

The predictability of follow-up blood pressure was
examined in a stepwise regression analysis. Indepen-
dent variables included baseline blood pressure, age,
race, sex, weight, height, and BMI, and changes in
weight, height, and BMI from baseline to follow-up.

At follow-up, subjects were determined to be clin-
ically hypertensive if they had a systolic blood pres-
sure >140 mm Hg, or fifth phase diastolic blood pres-
sure >90 mm Hg, or had been treated for hyperten-
sion. Prevalence of hypertension was analyzed with
respect to previous blood pressure levels. To study
independent predictors of hypertension, a stepwise
logistic regression analysis was also conducted, using
age, race, sex, parental history of hypertension, base-
line systolic and diastolic blood pressure, baseline

20z Iudy 61 uo 3senb Aq 82091.2/259/2/8/3101E/Yle/wod dno-dlwspede//:sdiy Wwoly pepeojumoq



AJH-JULY 1995-VOL. 8, NO. 7

BMI, and change of BMI from baseline to follow-up as
independent variables. In a subgroup of the popula-
tion who were examined in four other cross-sectional
surveys between baseline and follow-up, following
the same protocol, the number of prior blood pres-
sure elevations (>80th percentile) was counted and
examined with respect to hypertension.

RESULTS

Longitudinal Changes of Blood Pressure Baseline
and follow-up systolic and diastolic blood pressures
are given by race, sex, and age in Figures 1 and 2.
Irrespective of race, sex, and age of the cohort, sig-
nificant increases were observed in blood pressure as
expected. Increase of both systolic and diastolic blood
pressures were more apparent in male than in female
subjects, more apparent in the younger subjects than
in the older ones.

Persistence of Blood Pressure Subjects with rela-
tively high blood pressure levels at childhood were
more likely to remain at high levels in adulthood. As
shown in Table 2, among different race, sex, and age
groups, year 1 versus year 15 systolic blood pressure
correlations ranged from 0.36 to 0.50 (P = .0001).
They were not significantly different from each other.
Similar persistence was seen in diastolic blood pres-
sure, especially in the older age group (10 to 14 years
old at baseline), in whom the correlations ranged
from 0.29 to 0.42 (P = .001). These correlations re-
mained virtually the same after controlling for BMI.

As an illustration of tracking, the percentage of in-
dividuals who ranked high or low in blood pressure
levels at baseline and maintained these respective
ranks at follow-up were examined. In Figure 3, base-
line and follow-up blood pressures are stratified by

Myt

Y Yris

mm Hg

N=1505
*P<0.001

5-9 10-14 5-9 10-14
Age at Yr 1 (Yrs)

FIGURE 1. Longitudinal changes in systolic blood pressure
from childhood into young adulthood by age, race, and sex over a
15-year period in the Bogalusa Heart Study (n = 1505). Systolic
blood pressure increased significantly, more apparent in male sub-
jects and younger age groups. WM = white male; WF = white
female; BM = black male; BF = black female.
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FIGURE 2. Longitudinal changes in diastolic blood pressure

from childhood into young adulthood by age, race, and sex over a
15-year period in the Bogalusa Heart Study (n = 1505). Diastolic
blood pressure increased significantly, more apparent in male sub-
jects and younger age groups. WM = white male; WF = white
female; BM = black male; BF = black female.

quintiles. Of those individuals who had systolic
blood pressure levels above the 80th percentile at
baseline, 40% had levels above this percentile 15
years later. Another 23% had levels between 60th and
80th percentile. Only 7% had levels below the 20th
percentile. A similar persistence for low ranks was
seen at the lower quintiles.

As for the diastolic blood pressure, weaker but sim-
ilar persistence was observed. Among individuals
whose diastolic blood pressure levels were above the
80th percentile at baseline, 37% remained in the top
quintile 15 years later. Nine percent had levels below
the 20th percentile.

Correlates of Follow-up Blood Pressure A stepwise
multiple regression was used to determine the rela-
tive predictability of selected variables for the blood
pressure after 15 years. Significant predictors are
given in Tables 3 and 4. The regression coefficients
indicate the difference in follow-up level correspond-
ing to a unit change of the predictors. For example,
among the white male subjects, a 10 mm Hg higher
baseline systolic blood pressure level predicted a 5
mm Hg higher follow-up level; a 10 kg/m? higher BMI
predicted a 7 mm Hg higher follow-up systolic blood
pressure level. The relative importance of the predic-
tors is indicated by the standardized regression coef-
ficients. As might be expected, irrespective of race
and sex, the best predictor of follow-up systolic blood
pressure level was the baseline level. Change of
weight, especially relative to height (BMI), was also
predictive. Among the race-sex groups, these vari-
ables explained 22% to 32% of the variability of the
follow-up systolic blood pressure. When all the sub-
jects were studied together, systolic blood pressure
averaged 2 mm Hg higher in blacks than in whites,
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TABLE 2. LONGITUDINAL PEARSON CORRELATION BETWEEN CHILDHOOD AND ADULT BLOOD
PRESSURE OVER A 15-YEAR PERIOD: THE BOGALUSA HEART STUDY

Systolic BP

Diastolic BPt

Unadjusted

Age, Race and Sex BMI Adjusted* Unadjusted BMI Adjusted
Age 5-9 at year 1
White male A3# Al# .26/ .28/
White female 49# 52# 29# 28#
Black male 39# 38# 19t .22%
Black female 38# 42# .21§ 21§
Age 10-14 at year 1
White male AT7# A2# A2# .38#
White female .367# A2# 29# 33#
Black male .39# A1# 38# 40#
Black female 50#

AT7# 41# .35#

1P = .05, §P < .01; 'P = .001; #P =< .0001.

tIn white male and black female subjects, correlation between year 1 and year 16 diastolic blood pressure was significantly higher in the older age group

than in the younger age group.
*Adjusted for both childhood (year 1) and adulthood (year 16) BMI.

and 5 mm Hg higher in male than in female subjects,
independent of weight gain or increase in BMI.

To a smaller extent, but similarly, baseline diastolic
blood pressure level was the best predictor of the
follow-up level: every 10 mm Hg higher level at the
baseline predicted 3 mm Hg higher level at the fol-
low-up in the total population. The change of BMI
from baseline to follow-up was also the next best pre-
dictor. It was noted in black male subjects that aging
contributed independently to the follow-up blood
pressure. These predictors explained 13% to 25% of
the variability in the follow-up diastolic blood pres-
sure levels, varying by race and sex. Examination on
the total population did not show a race difference in
the prediction equation, but showed a difference of 4
mm Hg higher levels in male subjects.

Hypertension in Young Adults At the follow-up ex-
amination, 116 (7.7%) subjects had developed hyper-

tension, 99 of whom had received medical treatment.
The prevalence of hypertension is given by age-,
race-, and sex-specific quintiles of baseline blood
pressure level (Figure 4). Subjects who were in the
highest quintile were much more likely to develop
hypertension: 3.6 times (18% v 5%) in systolic blood
pressure and 2.6 times (15% v 5.8%) in diastolic blood
pressure. All others had similar low prevalence
around 5%, indicating that the hypertensive subjects
were primarily from the top quintile. It was observed
that at baseline, 48% of the hypertensive subjects
showed systolic elevation and 41% showed diastolic
elevation.

To study the independent contribution from obe-
sity, blood pressure tracking, or parental history of
hypertension to adult hypertension, a stepwise logis-
tic regression analysis was conducted. The presence
of hypertension in adulthood was used as the depen-
dent variable. Independent variables included age,

50
Systolic BP Diastolic BP Yr 15 Quintile FIGURE 3. Tracking of blood
40 1 pressure (BP) over 15 years by age-,
race-, and sex-specific quintiles from
30 2 childhood to young adulthood in the

20

10

Percentage at Follow-up

L nom v v oronm v
Quintile at Yr1 (Age 5-14 Yrs)

Bogalusa Heart Study (n = 1505).
Individuals who had elevated blood

a3 .
pressure (>80th percentile) in child-
- g hood tended to have elevated blood
pressure 15 years later, 40% ranked
- 5 by systolic blood pressure and 37%
ranked by diastolic blood pressure.
N=1505 Similar persistency was observed in
Vv subjects who ranked low in blood

pressure.
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TABLE 3. PREDICTORS OF FOLLOW-UP SYSTOLIC BLOOD PRESSURE BY RACE AND SEX IN THE
BOGALUSA HEART STUDY COHORT

White White Black Black
Males Females Males Females Total
Independent Variablet (n = 432) (n = 538) (n = 218) (n = 299) (n = 1487)
Baseline systolic BP (mm Hg) 0.50 (0.49) 0.44 (0.47) 0.47 (0.40) 0.45 (0.45) 0.46 (0.42)
ABMI (kg/m?) 0.71 (0.27) 1.00 (0.31) 0.23 (0.18)* 0.33 (0.14)*
AWt (kg) 0.20 (0.35) 0.08 (0.14)
Black v white — —_— — — 2.17 (0.10)
Male v female — — — — 4.73 (0.22)
? 0.29 0.26 0.24 0.21 0.32

Values are regression coefficients (standardized regression coefficients).
*P =< .001; others: P < .0001.

tIndependent variables included age, race, and sex, baseline systolic blood pressure (BP), weight (Wt), height and body mass index (BMI), and changes
from baseline to follow-up in weight, height, and BM1. Variables entered the model at P < .05. Baseline = 5 to 17 years of age; follow-up = 20 to 31

years of age.

race, sex, parental history of hypertension, baseline
systolic and diastolic blood pressure, baseline BMI,
and change of BMI from baseline to follow-up. As
shown in Table 5, adult onset hypertension was more
prevalent in blacks, and more prevalent in subjects
who had higher blood pressure or BMI in childhood,
or had gained more weight (with respect to height)
from childhood to adulthood. Interestingly, com-
pared to whites, blacks were shown to acquire hyper-
tension more rapidly with aging in early adulthood.

Multiple Examinations in the Prediction of Hyper-
tension Within the study population, 419 (28%) of
the 1505 subjects had participated in four other cross-
sectional surveys approximately 3 years apart be-
tween baseline and follow-up. Twenty-four (5.7%) of
these subjects had developed hypertension. Using
the five previous examinations, the prediction of hy-
pertension was greatly improved, with the likelihood

of detection increased with the risk of hypertension.
By ranking within the respective race, sex, and age
groups in each survey, a blood pressure previously
elevated was defined as those above the 80th percen-
tile. In Figure 5, the hypertension status at follow-up
examination was related to the number of previous
blood pressure elevations. As expected, the preva-
lence of hypertension in subjects with four or five
prior elevations was much higher than in those with
only one elevation, indicating the higher the subjects
were at risk, the more likely they would be identified.
It should be noted that the actual prevalence of hy-
pertension within subjects who had multiple blood
pressure elevations should be much higher than that
estimated in this subpopulation of 419 individuals.
This was not only because hypertension was more
prevalent in the total study population (7.7%) than in
this subpopulation (5.7%), but also because the
adults were only 20 to 31 years of age.

TABLE 4. PREDICTORS OF FOLLOW-UP DIASTOLIC BLOOD PRESSURE BY RACE AND SEX IN THE

BOGALUSA HEART STUDY COHORT

White White Black Black

Males Females Males Females Total
Independent Variablet (n = 432) (n = 538) (n = 218) (n = 299) (n = 1487)
Baseline diastolic BP (mm Hg) 0.32 (0.32) 0.27 (0.31) 0.39 (0.31) 0.38 (0.35) 0.33 (0.31)

ABMI (kg/m?) 0.63 (0.29) 0.34 (0.21) 0.95 (0.36) 0.39 (0.21)

Baseline Wt (kg) 0.11 (0.21)
Baseline Ht (cm) 0.05 (0.12)* 0.06 (0.13)
Age (yr) 0.73 (0.21)
Male v female — —_ — — 3.66 (0.21)
r 0.24 0.15 0.26 0.13 0.21

Values are regression coefficients (standardized regression coefficients).
*P = .01; others: P = .0001.

tIndependent variables included age, race, and sex, baseline diastolic blood pressure (BP), weight (Wt), height (Ht), and body mass index (BMI), as
well as changes from baseline to follow-up in weight, height, and BMI. Variables entered the model at P = .05. Baseline = 5 to 17 years of age; follow-up

= 20 to 31 years of age.
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20-31 Yrs (%, >140/90 mm Hg)

Prevalence of Hypertension at Age

1 — a
Quintile of Childhood BP (Age 5-14 Yrs)

DISCUSSION

The current study is based on the community popu-
lation of Bogalusa, Louisiana, in which blood pres-
sure was monitored repeatedly as part of cardiovas-
cular risk factor surveys. Several previous reports
from this community have shown that blood pressure
tracked for periods of 3 and 8 years in children and
adolescents.®'® The current study noted that the
tracking phenomenon was not much weaker over a
remarkably longer period of 15 years from childhood
to adulthood and independent of growth in weight/
height®. In addition, this study demonstrated that
earlier blood pressure elevations could ultimately be-
come recognizable hypertension. These findings
agree with or can be anticipated from studies within
other populations.” 1131421 The degree of tracking

FIGURE 4. Association between
childhood blood pressure and preva-
lence of adult hypertension over 15
years in the Bogalusa Heart Study
(n = 1505). It was the subjects who
ranked in the highest age-, race-,
and sex-specific quintile of baseline
blood pressure developed hyperten-
sion even when they were 20 to 31
years old.

I Systolic
Diastolic

N=1505

5

of blood pressure may vary among studies, partly
attributable to the method of recording.”** Also the
current study shows that multiple observations early
in life greatly helped in predicting future hyperten-
sion. This finding is in agreement with our previous
study, which observed that individuals classified as
high in blood pressure by multiple measurements
were more likely to remain high after 8 years.?® Ex-
actly how many measurements during the growth
period are adequate to establish a risk of developing
hypertension remains to be explored. In the current
study it was also shown that other than baseline
blood pressure, change of weight or BMI had a strong
influence on future blood pressure. This agrees with
many studies showing a positive association between
body size and blood pressure in both pediatric and
adult populations.”?¢

TABLE 5. PREDICTORS OF ESSENTIAL HYPERTENSION IN ADULTS 20 TO 31 YEARS OF AGE BY RACE AND
SEX IN THE BOGALUSA HEART STUDY COHORT

White White Black Black
Males Females Males Females Total
Independent Variablest (n = 432) (n = 538) (n = 218) (n = 299) (n = 1487)
Age (5-year difference) 1.3* 2.2%
Baseline systolic BP 2.6* 1.7 2.6% 2.3 2§
(107 v 93 mm Hg)
Baseline diastolic BP* 2.1 1.5%
(68 v 57 mm Hg)
Baseline BMI 1.5 1.6 1.3*
(19.1 v 15.3 kg/m?)
ABMI 1.7* 1.9 2.4% 1.6
(9.8 v 7.5 kg/m?)
Black v white — — — — 2.4

Values are odds ratios, comparing high (75th percentile) v low (25th percentile) values.

*P < .05; P =< .01; §P < .001; 'P < .0001, others P < .07.

tIndependent variables included age, race, sex, baseline systolic and diastolic blood pressure (BP), baseline body mass index (BMI), and change of BMI
from baseline to follow-up. Variables entered the stepwise logistic regression model at P =< .15. Baseline = 5 to 17 years of age; follow-up = 20 to 31
years of age.
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20-31 Yrs (%, >140/90 mm Hg)

0 1 2 3 4 5
Frequency of Previous BP > 80th Percentile

Prevalence of Hypertension at Age

The importance of early blood pressure elevation
and its persistence into adulthood is underscored by
the fact that complications related to essential hyper-
tension, such as the presence of anatomic cardiovas-
cular-renal changes, already exist in children.>?%
Understanding this concept is important, as anatomic
evidence of hypertension and target organ changes
occur in childhood at much lower levels than those
considered clinically abnormal in adulthood. Au-
topsy studies have shown that young individuals
with higher blood pressure levels have increased vas-
cular endothelial thickness, a response of intimal fi-
broplasia, medial wall thickness, and a vascular cel-
lular response.**** Echocardiographic studies in pe-
diatric age groups have shown that elevated blood
pressure, at the 90th percentile, was associated with
increases of left ventricular measurements*>’ and
alterations in hemodynamic functions.*®>° Ultrasonic
studies for carotid artery stiffness have indicated in-
creased wall stiffness, aorta stiffness, and loss of elas-
ticity in children with obesity and high blood pres-
sure.***! In a recent study, young individuals whose
blood pressures were in the upper quartiles showed a
greater amount of microalbuminuria, especially in
black male subjects.*

In the present study, the race-, sex-, and age-
specific 80th percentiles were used to define blood
pressure elevation in children. Other cutoff points
may also be used to define blood pressure elevation.
Studies have indicated that increasing the stringency
of the prior measurement cutoff point will result in
increased specificity and positive predictive value,
but decreased sensitivity and negative predictive
value.”® In general, abnormal blood pressure levels in
children are much lower than the adult criteria for
clinical diagnosis of hypertension, as shown by the
above anatomic correlates of high blood pressure in
young individuals.

The current study shows that childhood blood

FIGURE 5. Prevalence of adult
hypertension related to the fre-
quency of blood pressure (BP) eleva-

- Systolic BP

Diastolic BP ;¢ (within the top 20% rankings
by age, race, and sex) in five previ-
N=419 ous surveys of Bogalusa Heart

Study. Individuals detected at mul-
tiple times were more likely to de-
velop hypertension even at age 20 to
31 years.

pressure elevation serves as a good predictor of ele-
vated blood pressure and hypertension in adulthood,
especially when multiple observations are available.
The required clinical practice is very simple, taking a
blood pressure at each medical examination. This
prediction will be improved by the inclusion of ge-
netic and environmental correlates of blood pressure.
The present study showed that both childhood
weight (obesity) and weight gain during the growth
toward adulthood independently predicted future
hypertension. Particularly, the weight gain from
childhood to adulthood, which was independently
associated with future elevation of blood pressure,
reflected strong influences from behavior and envi-
ronment. Many studies have shown that parental his-
tory of hypertension relates to elevation of blood
pressure in offspring at various age.'®*** In the cur-
rent study, significance of parental history of hyper-
tension for hypertension prediction in adult offspring
was not observed. Even in the blood pressure predic-
tion (Table 3), including parental history of hyperten-
sion, explained only 1% additional variability in
white female subjects (data not shown). This implies
that the genetic predisposition to hypertension rep-
resented by parental history of hypertension may be
greatly accounted for by childhood blood pressure
levels. These childhood levels already had a strong
association with parental hypertension, irrespective
of the young age of the offspring.*” Also, with the
inaccuracies associated with self-reported parental
history, the risk associated with parental history may
not be fully apparent.*” Technical improvement in
blood pressure measurement, such as ambulatory
blood pressure monitoring, may also help predict fu-
ture hypertension because of its greater reproducibil-
ity than casual, resting blood pressure.*®

As a nonintervention study, the Bogalusa Heart
Study pointed out that elevated blood pressure in
children progresses long before the clinically evident
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hypertension and hypertensive disease, at least as set
by adult criteria. The impact from childhood eleva-
tion and from the change of obesity in this regard
point to the need for preventive measures aimed at
developing healthy lifestyles starting in childhood.
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