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Abstract—Although prehypertension at adolescence is accepted to indicate increased future risk of hypertension,
large-scale/long follow-up studies are required to better understand how adolescent blood pressure (BP) tracks into
young adulthood. We studied 23 191 male and 3789 female adolescents from the Metabolic Lifestyle and Nutrition
Assessment in Young Adults cohort (mean age: 17.4 years) with BP ⬍140/90 mm Hg at enrollment or categorized
by current criteria for pediatric BP and body mass index (BMI) values. Participants were prospectively followed
up with repeated BP measurements between ages 25 and 42 years and retrospectively between ages 17 and 25 years
for the incidence of hypertension. We identified 3810 new cases of hypertension between ages 17 and 42 years.
In survival analyses, the cumulative risk of hypertension between ages 17 and 42 years was 3 to 4 times higher
in men than in women. Using Cox regression models adjusted for age, BMI, and stratified by baseline BP, the
hazard ratio of hypertension increased gradually across BP groups within the normotensive range at age 17 years,
without a discernible threshold effect, reaching a hazard ratio of 2.50 (95% CI: 1.75 to 3.57) for boys and 2.31
(95% CI: 0.71 to 7.60) for girls in the group with BP at 130 to 139/85 to 89 mm Hg. BMI at age 17 years was
strongly associated with future risk of hypertension even when adjusted to BP at age 17 years, particularly in boys.
Yet, BMI at age 30 years attenuated this association, more evidently in girls. In conclusion, BP at adolescence,
even in the low-normotensive range, linearly predicts progression to hypertension in young adulthood. This
progression and the apparent interaction between BP at age 17 years and BMI at adolescence and at adulthood are
sex dependent. (Hypertension. 2010;56:000-000.)
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pressure (BP) and health risks in adults,6 the definition of
prehypertension has been proposed as an important predictor
for future hypertension and morbidity.7 In the pediatric
population, a “physiological” increase in BP occurs between
ages 11 and 19 years, with systolic BP rising more steeply in
boys,8 raising the need to define prehypertension in childhood.9,10 The ability to track BP levels from childhood to
adulthood is supported by significant literature.5,11–13 Yet,
current literature mainly addressed only the hypertensive and
prehypertensive ranges, included relatively short intervals of

ith the growing problem of childhood obesity and the
early cardiovascular and metabolic complications that
it encompasses, it became increasingly important to reveal
obesity-associated risk factors and their tracking from childhood through adolescence to adulthood.1–3 Hypertension is
among the classic cardiovascular risk factors, the prevalence
of which has been increasing in recent years along with the
obesity epidemic,4 also in children and adolescents.5 With
developments in antihypertensive therapy and the appreciation of a lack of a clear threshold effect between blood
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follow-up, and/or mostly analyzed already hypertensive
adolescents.9,12
Similar to these observations, previous studies from the
Metabolic Lifestyle and Nutrition Assessment in Young
Adults (MELANY), a large follow-up cohort of army personnel,14 also demonstrated the relevance of prehypertension
already at a young age as a strong risk factor for progression
to hypertension in early adulthood in men.15,16 In addition,
overweight and obesity (body mass index [BMI] ⱖ25 kg/m2)
has been noted to augment the risk of progression from
prehypertension at adolescence to future hypertension,16 consistent with other studies.5 Nevertheless, large-scale longterm follow-up studies describing how hypertension develops
over time in young adulthood among the entire normotensive
range, including BP ⬍120/80 mm Hg in adolescence, taking
into account the current accepted definitions of pediatric BP
and BMI,2,5,17 are still warranted.8
Here we used the MELANY cohort to track BP levels of
17-year– old boys and girls for incidence of hypertension
at adulthood across the entire BP range. We followed
⬎25 000 adolescents for the incidence of hypertension by
repeated BP measurements during the follow-up period
(age: 25 to 42 years).

Methods
Study Population
The MELANY has been conducted at the Israel Defense Forces Staff
Periodic Examination Center (SPEC), to which all career service
personnel ⱖ25 years of age are referred every 3 to 5 years, as we
described previously.14,18,19 Briefly, at each visit to the SPEC,
participants completed a detailed demographic and lifestyle questionnaire, and a physical examination was performed by a physician.
Weight, height, and BP were measured at each visit. Primary care for
all Israel Defense Forces personnel between scheduled visits to the
center was obtained at designated military clinics, and all medical
information was recorded in the same central database, thereby
facilitating ongoing, tight, and uniform follow-up. Data on BP
measurements at adolescence for all of the participants were obtained
from their initial medical evaluation before recruitment for compulsory military service at age 17 to 18 years. Baseline examination was
performed in the army recruitment centers, where weight and height
were measured, and BMI was calculated. A single BP measurement
of the right arm was performed in the seated position, using a
mercury sphygmomanometer.16 Thus, for all of the subjects a
baseline BP measurement was recorded at adolescence (mean age:
17.4⫾0.5 years) with additional repeated BP measurements starting
from the age of 25 years, every 3 to 5 years, allowing us to follow
the incidence of hypertension. The median time from enrollment
(age 17 years) to the end of the follow-up period was 14 years (range:
6 to 25 years).
The institutional review board of the Israel Defense Forces
Medical Corps approved this study on the basis of strict maintenance
of participants’ anonymity during database analyses. The authors are
solely responsible for the design of the study, analysis and interpretation of the data, and writing of the article, without any form of
censorship or limitation by the Israel Defense Forces.

Inclusion and Exclusion Criteria
Enrolled in this study were 30 254 participants of the MELANY
cohort (26 305 men and 3949 women) for whom BP measurement at
adolescence (age: 17 to 18) was recorded and who were free of
diagnosis of hypertension and were not taking antihypertensive
medications at adolescence. We excluded 3114 (11.8%) male and
160 (4.0%) female adolescents with baseline BP ⱖ140 mm Hg
systolic and/or 90 mm Hg diastolic or with missing data. Those who

already had hypertension at age 17 years were usually assigned for
lifestyle and/or pharmacological treatment and were, therefore, not
included in the current analysis. In a subanalysis we have regrouped
the study population using the National Heart, Lung, and Blood
Institute diagnostic criteria for hypertension in adolescents. For this
sub-analysis, an additional 690 participants whose BP at the age of
17 years met the National Heart, Lung, and Blood Institute criteria
for hypertension10 were excluded.

Outcome Determinations
Follow-up examination(s) at the SPEC began at age of 25 years. In
total, 7199 participants were assessed once, 17 403 in 2 SPEC visits,
2176 in 3 visits, 195 in 4 visits, and 5 in 5 SPEC visits. BP was
measured while participants were in the seated position by a trained
medical technician using a mercury sphygmomanometer. The right
upper arm was used for all of the measurements. For 30 minutes
before measurement, subjects were asked to refrain from smoking,
eating, or exercise. Measurements were always performed in the
morning at room temperature (20°C to 25°C). If systolic or diastolic
measurements were ⱖ140 or ⱖ90 mm Hg, respectively, then the
mean of 10-BP measurements, performed over a period of several
weeks, was entered into the database before a formal diagnosis of
hypertension was made. For participants with BP ⬍140/90 mm Hg
measured at the SPEC, no additional measurements were prescribed
until the participant’s next visit to the examination center. Diagnosis
of hypertension between visits to the SPEC could also be made by
the participant’s primary care physician, using the same diagnostic
criteria mentioned above. At the final recorded examination (end of
follow-up), all of the participants were censored for the presence or
absence of hypertension.16 The follow-up period began at the first
visit of each participant in the SPEC (age: ⬇25 years). There were 43
participants who developed hypertension between enrollment (age:
17 years) and the beginning of prospective data collection (starting at
age 25 years), representing 1.1% of the total number of new cases in
this study. Because the exact date of the diagnosis for those
individuals was not available for us, these cases were recorded as
having hypertension at their first SPEC visit, representing a cumulative incidence for the period between 17 to 25 years. Participants
were prospectively followed-up with repeated BP measurements
between ages 25 and 42 years for the incidence of hypertension.
Forty-three cases were retrospectively diagnosed at age 25 years for
the period between 17 and 25 years of age.

Statistical Analysis
Descriptive statistics included mean⫾SD and proportions (percentage). At baseline, all of the participants were divided into 5 groups
in the normotensive and prehypertensive ranges, and classification
for the BP group was according to the highest of either systolic or
diastolic values (⬍100/70, 100 to 109/70 to 74, 110 to 119/75 to 79,
120 to 129/80 to 84, and 130 to 139/85 to 89 mm Hg). For
comparison of systolic BP, diastolic BP, and BMI between age
groups, an ANOVA model was used. We used Cox regression
survival analysis models to calculate the cumulative incidence of
hypertension stratified by sex and adjusted for both age at baseline
(divided into 16 to 17 and 18 to 19 years of age) and BMI as a
categorical variable (⬍25, 25 to 30, and ⱖ30 kg/m2) at baseline and
at adulthood. In a Cox regression analysis we calculated hazard ratio
with 95% CIs for the association of normal BP at age 17 years with
incidence of hypertension at adulthood among the 23 191 men and
3789 women. We then calculated the association of BMI at age 17
years with incidence of hypertension at adulthood, categorized by
BMI criteria for adults (BMI of ⬍18.50, 18.50 to 24.99, 25.00 to
29.99, and ⱖ30.00 kg/m2) and by the Centers for Disease Control
and Prevention BMI criteria suggested for adolescents (⬍5th, 5th
to 85th, 85th to 95th, and ⱖ95th percentiles of age- and
sex-specific growth charts). We used a general linear model to
assess the means and proportions of the population’s characteristics across BP groups and to fit the group numbers as a
continuous variable to estimate the trend of variables across
groups. All of the statistical analyses were performed with SPSS
(version 15). P⬍0.05 was considered significant.
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Table 1. Baseline (Age 17) Characteristics of the Study Population Across BP Groups Below the Hypertensive Range (23 191 Men
and 3789 Women)
Systolic/Diastolic BP Groups at Age 17 y
Entire
Cohort

Baseline Variables

⬍100/
70 mm Hg

100 to 109/70 to
74 mm Hg

110 to 119/75 to
79 mm Hg

120 to 129/80 to
84 mm Hg

130 to 139/85 to
89 mm Hg

P for Trend

Men
n (%)

23 191

367 (1.6)

1962 (8.4)

5103 (22)

10 068 (43.5)

5691 (24.5)

Age, y

17.41⫾0.60

17.40⫾0.54

17.42⫾0.58

17.40⫾0.58

17.44⫾0.58

17.43⫾0.57

0.603

BMI, kg/m2

21.23⫾2.91

20.16⫾2.38

20.38⫾2.55

20.73⫾2.61

21.27⫾2.88

21.83⫾3.12

⬍0.001

Women
n (%)

3789

623 (16.5)

1027 (27.1)

1479 (39)

507 (13.4)

Age, y

17.42⫾0.54

17.43⫾0.58

153 (4)

17.40⫾0.54

17.39⫾0.54

17.42⫾0.56

17.39⫾0.54

0.914

BMI, kg/m2

21.64⫾3.03

20.86⫾2.57

20.99⫾2.61

21.34⫾2.82

21.76⫾3.03

22.52⫾3.44

⬍0.001

All of the participants with baseline (age 17) BP ⬍140/90 mm Hg were divided into 5 incremental BP categories that include the normotensive and prehypertensive
range (adult definition). Classification for the BP group was according to the highest of either systolic or diastolic values.
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Results
Of the MELANY population, we identified 23 191 men and
3789 women whose BP at age 17 years was ⬍140/90 mm Hg.
Baseline characteristics at adolescence (before recruitment to
military service) during the first medical evaluation and
distribution of BP values ⬍140/90 mm Hg grouped by
increments of 10-mm Hg systolic and 5-mm Hg diastolic BP
values are listed in Table 1. Comparing the entire groups of
boys and girls, the former had significantly lower mean BMI
but higher means of both systolic BP (117.9⫾9.9 versus
113.6⫾10.5 mm Hg; P⬍0.001) and diastolic BP (72.7⫾7.5
versus 71.5⫾7.6 mm Hg; P⬍0.001). BP in the low-normal
range (ⱕ109/74 mm Hg) was two times more prevalent
among girls than boys, consistent with previous reports.8,20,21

Repeated BP measurements performed during the
follow-up period commencing at age 25 years revealed the
dynamics of hypertension development (defined by BP
ⱖ140/90 mm Hg, see “Outcome Determinations” in Methods
section). Of 23 191 men and 3789 women, we identified 3810
new cases of hypertension by the age of 42 years. In a Cox
regression survival analysis adjusted for age, BMI, and BP
values at age 17 years, a sex-differential cumulative risk for
hypertension could be observed (Table 2). Within a maximum of 17 years of follow-up, hypertension was 4 times
more likely to occur in men than in women. To determine the
effect of nonhypertensive BP range at age 17 years on future
incidence of hypertension during young adulthood, the same
model was conducted, stratified to the 5 baseline BP groups

Table 2. Association of BP <140/90 mm Hg at Age 17 With Incidence of Hypertension at Adulthood Among 23 191 Men
and 3789 Women
Systolic/Diastolic BP Groups at Age 17 y

Variables

⬍100/
70 mm Hg

100 to 109/70 to
74 mm Hg

110 to 119/75 to
79 mm Hg

120 to 129/80 to
84 mm Hg

130 to 139/85 to
89 mm Hg

P for Trend

Men
n
Person years of follow-up
No. of cases
Incidence, cases/1000 per year

367

1962

5,103

10 068

5691

5655

29 276

75 967

141 607

79 610

32

217

675

1545

1157

5.66

7.41

8.89

10.91

14.53

⬍0.001

Hazard ratios
Crude

1

1.27 (0.87 to 1.86)

1.61 (1.12 to 2.31)

2.19 (1.54 to 3.13)

2.97 (2.08 to 4.24)

⬍0.001

Age⫹BMI adjusted

1

1.24 (0.85 to 1.81)

1.53 (1.07 to 2.19)

1.96 (1.37 to 2.79)

2.50 (1.75 to 3.57)

⬍0.001

Women
n

153

623

1027

1479

507

2129

8892

15 129

21 393

7081

No. of cases

3

21

45

80

35

Incidence, cases/1000 per year

1.41

Person years of follow-up

2.36

2.97

3.74

4.94

⬍0.001

Relative risk
Crude

1

1.51 (0.45 to 5.10)

1.88 (0.58 to 6.06)

2.32 (0.73 to 737)

3.34 (1.02 to 0.89)

0.001

Age⫹BMI adjusted

1

1.36 (0.40 to 4.57)

1.65 (0.51 to 5.32)

1.85 (0.58 to 5.87)

2.31 (0.71 to 7.60)

0.030

Cox regression model was adjusted for age and BMI. P value for trend estimates the hazard ratio for future hypertension with mean BP values at each BP group.
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Figure. Survival analysis for progression to hypertension during
young adulthood. The incidence of hypertension was assessed
in 23 191 nonhypertensive men and 3789 nonhypertensive
women followed from age 17 years, across BP groups at adolescence, adjusted for age and BMI, in males (A) and females
(B). Adolescent (mean age: 17.4 years) BP groups are as follows: 1, ⬍100/70 mm Hg; 2, 100 to 109/70 to 74 mm Hg; 3, 110
to 119/75 to 79 mm Hg; 4, 120 to 129/80 to 84 mm Hg; 5, 130
to 139/85 to 89 mm Hg. Data were collected prospectively from
the age of 25 years. Diagnosis of hypertension between ages 17
and 25 years (43 cases) was recorded retrospectively and was
added to the cumulative incidence of hypertension between
ages 17 and 42 years.

shown in Table 1, in both boys and girls (Figure, A and B,
respectively). In both sexes the cumulative risk of hypertension increased gradually across BP groups at age 17 years,
without a clear discernible threshold effect. Incidence rates of
hypertension were also calculated for age 17 normotensive
and prehypertensive participants, based on the National
Heart, Lung, and Blood Institute or the adult criteria, as
described in the Methods section. In male adolescents, the
incidence rate of hypertension at adulthood was 7.75 and
11.68 cases per 1000 person-years for normotensive and
prehypertensives, respectively, using the adult criteria
(P⬍0.001), and 9.10 versus 12.03, respectively, using the
age- and height-based National Heart, Lung, and Blood

Institute criteria (P⬍0.001). For female adolescents, the
incidence of hypertension was 2.56 and 3.79 per 1000
person-years for normotensive and prehypertensives, respectively, using the adult criteria (P⫽0.013) and 3.06 and 3.28
for normotensive and prehypertensives, respectively, using
the age- and height-based criteria (P⫽0.797). Using the
incremental age 17 BP categories (as in Table 1), a Cox
regression model further adjusted to BMI at age 17 years
suggested an attenuation effect exerted by BMI in both
women and men, with hazard ratio in the top group (age 17
BP of 130 to 139/85 to 89 mm Hg) decreasing from 3.34 to
2.31 in women and from 2.97 to 2.5 in men (Table 2).
Nevertheless, increasing age 17 BP in both sex groups
remained linearly associated with higher hazard ratio for
future hypertension even when adjusted for age 17 BMI (P of
trend ⬍0.001 for men and at 0.030 for women).
To better dissect out the role of BMI at age 17 years as a
predictor of hypertension in young adults, the study population was divided into classic categories of BMI (underweight,
normal weight, overweight, and obese) at age 17 years, both
by the adult criteria (BMI of ⬍18.50, 18.50 to 24.99, 25.00 to
29.99, and ⱖ30.00 kg/m2; Table 3, top panel) and by the
Centers for Disease Control and Prevention BMI criteria
suggested for adolescents (⬍5th, 5th to 85th, 85th to 95th,
and ⱖ95th percentiles of age- and sex-specific growth charts;
Table 3, bottom panel). Remarkably, in men a progressive
increase in the risk of hypertension was observed across the
BMI categories at the age of 17 years, with a significant
increase observed already in the normal weight group as
compared with BMI ⬍18.5 kg/m2 or ⱕ5th percentile. In
contrast, among women a significant relationship between
age 17 BMI and the risk of subsequent hypertension was
observed more pronouncedly among overweight and obese
adolescents. Interestingly, a strong attenuation of the effect of
BMI at age 17 years on the risk for future hypertension was
observed by BMI values at adulthood, particularly among
girls. In boys, although the risk was attenuated by further
adjusting the model to BMI at age 30 years, age 17 BMI
remained an independent predictor for hypertension. Among
adolescent girls, only BMI of ⱖ30 kg/m2, or ⱖ95th percentile,
were associated with elevated risk of hypertension when
adjusting for BMI at adulthood (Table 3, top and bottom,
respectively).

Discussion
There is a wealth of epidemiological data supporting a
correlation between BP at childhood and adolescence with
the incidence of hypertension at adulthood (5,11–13 and references within). Using a large cohort of ⬎25 000 adolescents,
a prolonged follow-up (up to the age of 42 years), and the
current diagnostic criteria for BP and BMI among adolescents,9,10 this study substantiates and adds to previous observations as follows. First, mean BP values are higher among
male adolescents than among female adolescents despite
lower mean BMI. The incidence rate of hypertension during
early adulthood is 2- to 3-fold higher among men in all of the
categories of BP ⬍140/90 mm Hg. Second, increasing age 17
BP within the current definitions of normal BP and prehypertension is linearly associated with higher risk of hyperten-
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Table 3. Association of BMI at Age 17 With Incidence of Hypertension at Adulthood, Stratified by BMI Criteria for
Adults or Adolescents
Adult Criteria, Men

Adjustments

Underweight,
⬍18.50

Normal Weight,
18.50 to 24.99

Overweight, 25.00
to 29.99

Adult Criteria, Women
Obese, ⱖ30.00

P for
Trend

Underweight,
⬍18.50

Normal Weight,
18.50 to 24.99

Overweight, 25.00
to 29.99

Obese, ⱖ30.00

P for
Trend

Age

1

1.45 (1.29 to 1.62)

3.07 (2.67 to 3.53)

4.12 (3.25 to 5.22)

⬍0.001

1

1.44 (0.79 to 2.61)

4.39 (2.33 to 8.29)

8.08 (3.02 to 21.67)

⬍0.001

Age and BP

1

1.39 (1.24 to 1.55)

2.8 (2.44 to 3.23)

3.65 (2.87 to 4.63)

⬍0.001

1

1.39 (0.76 to 2.53)

4.09 (2.15 to 7.76)

7.23 (2.68 to 19.51)

⬍0.001

Age, BP, and
BMI at
adulthood

1

1.28 (1.14 to 1.44)

2.09 (1.78 to 2.45)

2.59 (2.02 to 3.33)

⬍0.001

1

1.05 (0.25 to 4.39)

1.69 (0.39 to 7.18)

4.81 (1.13 to 20.53)

⬍0.001

Obese, ⱖ95th

P for
Trend

Pediatric Criteria, Men
Underweight,
ⱕ5th

Normal Weight,
5th to 85th

Overweight, 85th
to 95th

Pediatric Criteria, Women
Obese, ⱖ95th

P for
Trend

Underweight,
ⱕ5th

Normal Weight,
5th to 85th

Overweight, 85th
to 95th

Age

1

1.53 (1.29 to 1.79)

3.17 (2.62 to 3.83)

4.34 (3.48 to 5.40)

⬍0.001

1

2.06 (0.51 to 8.35)

5.83 (1.39 to 24.43)

12.98 (2.61 to 64.4)

⬍0.001

Age and BP

1

1.52 (1.29 to 1.80)

3.14 (2.60 to 3.79)

4.28 (3.44 to 5.34)

⬍0.001

1

2.06 (0.52 to 8.34)

5.82 (1.39 to 24.41)

13.08 (2.63 to 65.13)

⬍0.001

Age, BP, and
BMI at
adulthood

1

1.39 (1.17 to 1.65)

2.27 (1.84 to 2.78)

2.95 (2.33 to 3.74)

⬍0.001

1

1.09 (0.25 to 4.39)

2.17 (0.79 to 22.16)

4.15 (1.10 to 49.34)

⬍0.001
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For adult criteria, n⫽26 980. Cox regression analysis is shown for the incidence of hypertension in a cohort of nonhypertensive adolescents with BP
⬍140/90 mm Hg (Adult Criteria). The population study was divided into baseline BMI levels based on the adult criteria (⬍18.5, 18.5 to 25.0, 25.0 to 30.0, and ⱖ30.0
kg/m2). For pediatric criteria, subanalysis included 26 290 nonhypertensive participants with BP below the 95th percentile for age, sex, and height according to the
National Heart, Lung, and Blood criteria (Pediatric Criteria). BMI groups were based on the Centers for Disease Control and Prevention criteria for BMI in the pediatric
population (⬍5th, 5th to 85th, 85th to 95th, and ⱖ95th of the BMI growth charts for age and sex).

sion in early adulthood in both sexes, without a discernible
threshold effect. Third, BMI at adolescence is a strong
determinant of future hypertension for both boys and girls,
even when adjusting for age 17 BP or BMI at age 30 years.
Yet, for boys, a strong interaction between BP levels and
BMI at age 17 occurs throughout the BMI range, whereas in
girls this interaction mainly manifests in the overweightobese BMI range. Fourth, nevertheless, age 17 BP, even well
below the hypertensive range, remains a predictor of hypertension risk at young adulthood, independent of BMI at
adolescence or at adulthood.
Several limitations and strengths in our study warrant
consideration. Age 17 determinations of BP are a single-visit
measurement, and although performed after rest, could generally be viewed as being performed in a more stressful
setting than usual. This may explain the rather high prevalence of prehypertension (BP ⬎120/80 mm Hg). Yet, this
limitation may in fact result in increasing the predictive value
of such a baseline measurement, as detailed below. In
addition, although most of the study participants hold military
office jobs (rather than front field soldiers), it is possible that
a higher-stress environment contributed to the high risk of
hypertension, particularly among men. Yet, as mentioned in
previous published studies on this population,14,18 anthropometric, BP, and biochemistry values were very similar to
other Western populations of young adults in the literature.22–25 An added limitation is the rather basic information
available from the age 17 database, precluding the assessment
of additional potential confounders. The strengths of the
study include the large cohort, a tight long follow-up with
repeated measurements from age 25 years, and measured
(rather than reported) height and weight at age 17 years.
It has been extensively debated how BP should be measured to be reliable. It is generally accepted that patients
should be unstressed. Moreover, in clinical studies many have
argued for requiring multivisit, repeated measurements, to
determine the “true” BP value, and repeated high-range BP

measurements were particularly predictive of future hypertension.26 Here, relying on a vast mass screening setup, a
single-visit measurement has been performed, potentially
resulting in misclassification in BP stratification, particularly
because the environment of an army recruitment center is
likely more stressful than “normal life.” Despite this limitation, our results suggest that such single-visit determination in
a “nonrelaxed environment” may still be valuable for predicting the future development of hypertension. This is highly
reminiscent of the higher true hypertension rates eventually
diagnosed among persons with an elevated BP response to a
medical environment (“white-coat hypertension”).27,28 Regardless of the mechanisms for this trait, it seems to be
operational in adults, children, and, as in this study, also in
adolescents.
The progression of normotensive boys and girls to hypertensive young adults occurs with sex-differential kinetics,
magnitude, and association with BMI. Sex hormones are
likely involved in this sex-differential effect, with several
mechanisms proposed to function as early as in utero (“fetal
programming”),29,30 as well as during adult life.31 Several
previous studies demonstrated an increasing incidence of
adult hypertension based on the European BP categories of
the normotensive range (optimal, normal, and highnormal).16,32 Here we show that, even beyond these predefined categories and within the normotensive BP range,
both sexes exhibit a linear progression in the risk of hypertension in young adulthood with increasing BP values. The
association of incident hypertension and BMI is also well
described.33,34 Yet, here we show that the strength of this
association is also sex dependent, exhibiting a larger effect on
boys than on girls. Moreover, in girls, much of the risk
associated with BMI at age 17 years may be mediated by its
prediction of BMI at adulthood. Jointly, these findings
support an individualized definition of “normal BP” at
adolescence, taking into account sex and BMI, similar to both
the European and American guidelines for the definition of
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normotension and prehypertension in children and adolescents.10,17 This notion is similar to that proposed recently for
fasting blood glucose levels: within the normal fasting plasma
glucose range, an 8-fold variability in the incident risk of
future type 2 diabetes mellitus in young adults could be
recognized, influenced by family history of the disease,
fasting triglyceride levels, and BMI.14,35

Perspectives

7.

8.
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There is a pressing need to better understand cardiovascular
risk factors in young adulthood, particularly in the face of the
obesity epidemic that also affects children and adolescents.
The present study used a large-scale, prolonged follow-up
cohort to determine the interplay among sex, BP, and BMI at
late adolescence in determining the risk for hypertension in
early adulthood. Substantiating previous studies and guidelines, this study demonstrates that males have higher mean
BP values already in adolescents and exhibit higher incidence
rates and kinetics of hypertension before age 42 years. The
results also demonstrate that a linear increase in the incident
risk of hypertension occurs throughout the entire BP range
at late adolescence, without a clear threshold effect,
whether adult or pediatric criteria are used. BMI at this age
also determines hypertension risk but in girls mainly
manifests in the overweight and obese range, where much
of its effect can be attributed to its association with BMI at
age 30 years. Finally, the study demonstrates the potential
predictive value of even a single BP measurement. Thus,
along with existing guidelines, these findings call for high
awareness for pediatricians in using an integrated individualized assessment that incorporates sex and late adolescence BP and BMI in predicting the risk of hypertension in
young adulthood, an age group that frequently escapes
continuous medical attention.
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