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Abstract
The Japanese hypertension guidelines report that essential hypertension is detected in 1–3% of upper elementary and high
school students during blood pressure (BP) screenings. Hypertension in these age groups is an emerging public health
concern mainly attributed to the rising rate of pediatric obesity. Considering the existence of BP tracking phenomenon, early
preventive education and instruction are necessary, especially for male students with moderately elevated BP showing a
tendency toward obesity, despite the low prevalence of hypertension in high school students. Students with a positive family
history of hypertension and those born with low birth weight need the same measures. Lifestyle habits, such as increased
alcohol intake, dramatically change once students begin university; thus, early education and instruction regarding the
factors influencing BP are necessary. In particular, for male students with higher BP during high school, caution regarding
increased body weight is required irrespective of their level of obesity. Young adults aged <40 years should be educated
about the association between body weight and hypertension. Particular caution surrounding lifestyle habits, including
drinking and smoking, is warranted in male hypertensive subjects because hypertension at a young age is strongly associated
with obesity. BP monitoring and the management of obesity should be considered efficient approaches to the detection and
treatment of hypertension. For the lifetime prevention of hypertension, it is essential to be aware of one’s health
status and learn about healthy lifestyles beginning in childhood. BP measurement may be an appropriate means to achieve
this goal.
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Introduction

Considering the existence of tracking phenomenon of
hypertension [1–4], preventive measures beginning at a
very young age are necessary, as early detection and
proper treatment of early-onset hypertension are becom-
ing important concerns. However, with regard to the
available knowledge of the incidence of hypertension in
children and the elderly, there is very little data about

young hypertension in Japan. Indeed, blood pressure (BP)
evaluation is not included among the requirements for
school medical checkups in the School Health Safety Law
in Japan. Naturally, there is almost no concern regarding
BP among young students, and the present status or the
natural history of young hypertension cannot be easily
defined. Moreover, in Japan, it becomes difficult for the
educational system to follow a child from an elementary
school to a junior high school to a high school and finally
to a university. Our private school system of Keio Gijuku
provides consistent education from elementary school and
has an organization that can follow a child until they
become a university student.

In this review, we focused on current hypertension
status among Japanese youth and the effective preventive
measures against young hypertension, mainly by
examining the studies that have followed youth
from high school to university over many years in our
facilities.
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Definitions and diagnostic criteria of
hypertension in youth

Although chapters regarding hypertension in children and
hypertension in the elderly are published in “The Japanese
Society of Hypertension Guidelines for the Management of
Hypertension (JSH 2014)” [5], a chapter regarding hyper-
tension in adolescents and youth does not exist. That is,
hypertension in youth remains undescribed, in contrast to
hypertension in children or the elderly, and is included
under the same category as adult essential hypertension or
secondary hypertension. Furthermore, hypertension in
youth has never been attributed to a specific
pathophysiology.

The definition determining the age range of young
hypertension is very ambiguous. Even a 15-year-old (a
junior high school student) is usually considered a child,
and the period between adolescence and 18 years of age is
considered the age between childhood and youth. In the
JSH 2014 [5], hypertension in high school students is partly
discussed in the chapter relative to hypertension in children.
Since Japanese doctors of internal medicine usually target a
patient population that includes high school students, we
also focus on a population beyond high school students as a
target of research. Similarly, an upper limit of age is not
clear, and hypertension in individuals below age 35 or 40 is
usually classified as young hypertension in many cases.
Thus, our research mainly focused on high school students
to young adults below the age of 40 years.

The diagnostic criteria for young hypertension in high
school students are usually set at 140 mmHg or more for
systolic BP (SBP) or 85 mmHg or more for diastolic BP
(DBP) [5]. For university students (aged 18 or older), a SBP
of 140 mmHg or more or a DBP above 90 mmHg is
defined as hypertension [5].

Prevalence of hypertension in the young

In the United States, the administration of periodic BP
measurements beginning at age 3 is recommended during a
general pediatric medical examination [6, 7]. However, BP
measurement is not included in the requirements for med-
ical checkups for older school children in Japan. Therefore,
in contrast to the accumulated data in the United States,
sufficient data have not been accumulated in Japan that can
be used to elucidate clear, normal BP percentile values
classified by sex, age, and height percentiles.

In the JSH 2014 [5], essential hypertension has been
reported to occur in 1–3% of elementary school students in
higher grades and high school students upon BP screening
[8, 9]. From data for the most recent 3 years (from 2015 to
2017) at our facilities, 0.6–1.8% and 0.5–0.7% of high

school male and female students and 3.2–3.7% and 0.2–
0.4% of university male and female students, respectively,
were classified as having hypertension. There were very few
hypertensive women at these ages. With respect to the
prevalence of hypertension seen in young adults beginning
after graduation from a university to age 40, the National
Health and the Nutrition survey in the 2014 fiscal year
showed that hypertension was detected in 22.7% of men
and 3.6% of women aged 30–39 years and in 10.9% of men
and 1.1% of women aged 20–29 years. In an examination of
the most recent 3 years in our facilities, 7.5–8.9% of men
and 0.8–1.0% of the female faculty and staff aged below 40
years were classified as having hypertension. Thus, it is also
clear that there are few hypertensive women in this age
group.

The impact of the childhood obesity epidemic on the
prevalence of hypertension in younger generations can be
seen in several studies from the Houston Screening Project
[10–12]. In multiple publications, these investigators have
demonstrated an increased prevalence of hypertension
among obese children—as high as 4.5%—than among
nonobese children. Indeed, a recent examination of BP data
in 8- to 17-year-old children from the National Health and
Nutrition Examination Survey and other related population-
based studies conducted in the United States from 1963 to
2002 clearly demonstrates an increase in the prevalence of
elevated BP in children, with much of the increase attri-
butable to the increase in childhood obesity [13]. Based on
this analysis, the prevalence of hypertension has reached
nearly 4%. Similar findings have been observed in screen-
ing studies performed in other countries including China
[14] and Iceland [15]. Thus, it is apparent that the increased
prevalence of hypertension in children is a global phe-
nomenon, likely related to the worldwide increase in the
prevalence of childhood obesity [16]. In this context, the
prevalence of obesity (body mass index [BMI] ≥25), which
is strongly related to young hypertension, was as follows in
our facilities in the past 3 years: 6.3–7.0% and 1.3–1.6% in
high school male and female students, respectively, and
10.8–11.0% and 3.0–3.3% in university male and female
students, respectively. Moreover, data from our facilities
indicate that 16.9–18.2% of the male or 4.4–5.3% of the
female faculty and staff aged below 40 years were classified
as obese.

Furthermore, it seems that BP in these age groups tends
to be influenced by the measurement environment more
than that in adults. Therefore, two or more repeated mea-
surements on one occasion are usually recommended for
younger individuals. Previous screening programs have
demonstrated the importance of performing repeated mea-
surements of BP before labeling an adolescent as hyper-
tensive because studies that have used just one BP
determination have found a significantly higher prevalence
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of hypertension than studies in which repeated measure-
ments were obtained [14].

BP measurements in young individuals

Although the prevalence of hypertension increases as age
increases, it is thought that the origin of the onset of
hypertension in adults stems from childhood (tracking
phenomenon). Therefore, BP should be monitored as much
as possible during childhood, and it seems to be important
to assess BP values. However, the opportunity to actually
measure a child’s BP is restricted, and currently, even basic
data for determining normal values have not been suffi-
ciently accumulated. In Japan, the requirements associated
with BP in medical checkups at schools include a medical
examination, a urine test, and an electrocardiography test,
among others, while the BP measurement itself is not
included. Unlike adults, the following points are potential
reasons why a child’s BP measurement is rarely performed
as a routine part of medical examinations in pediatric sub-
jects or for school hygiene requirements in Japan: (1) unlike
adults, hypertension itself is rarely considered in children;
(2) for children, the consultation room is a place where
anxiety becomes prevalent, and thus, it is not suitable for
BP measurement; (3) it is necessary to change the width of
the cuff according to the child’s physique; and (4) since
normal values differ by sex, age, and height, BP in child-
hood is difficult to evaluate.

Conversely, the American Academy of Pediatrics (AAP)
published new guidelines for pediatric hypertension in 2017
[6]. The clear percentile values of BP classified by sex, age,
and height percentile are similar to the table reported in the
“Fourth Report on the Diagnosis, Evaluation, and Treat-
ment of High Blood Pressure in Children and Adolescents”
published in 2004 [7]. These 2017 AAP guidelines for
pediatric hypertension place considerable emphasis on BP
measurements, which are essential for the accurate diag-
nosis of hypertension as well as for treatment titration. A
strong commitment of the AAP to obtain more accurate BP
measurements in clinical practice is expected to improve
pediatric care because, as is the case for adults, BP mea-
surements are the sole test for hypertension diagnosis and
management in children.

Many children are over- or underdiagnosed when only
office BP measurements (including measurements at the
time of medical checkup) are used. Therefore, out-of-office
BP evaluations using ambulatory BP monitoring (ABPM)
[17] or home BP measurement [18] are often necessary for
accurate diagnosis. Although ABPM has received greater
attention for children than home BP measurement, it is not
easily accessible in primary care or schools, and home BP
measurement might be preferred by subjects for repeated

evaluations. Therefore, home BP measurement has become
more widely available in clinical practice and is used in the
evaluation of children with elevated BP. Recently, Stergiou
et al. [19] proposed that more research on home BP mon-
itoring in children is urgently needed.

Japanese guidelines for pediatric hypertension have
indicated that BP measurement should be repeated three
times and that the third value should be adopted as the value
for measurement at that time. Furthermore, to diagnose
hypertension in children, BP should be measured at least
three times on different occasions [20]. During repeated
measurements, stress and anxiety at the time of measure-
ment usually disappear, and children’s actual BP value will
be approached. In Japan, the original diagnostic criteria for
pediatric hypertension were established considering differ-
ences in lifestyle, eating habits, environment, physique, and
race, among other relevant variables. However, there are
few reports available on children’s BP to serve as the basis
for comparison. In the future, a medical checkup at school
may serve as an ideal place to facilitate wider accessibility
of children’s BP measurement in Japan. Moreover, house-
holds having an electronic semiautomated sphygmoman-
ometer are increasing in number given the progression of
lifestyle-related disease prevention. Therefore, it is expected
that the performance of BP measurements for all family
members at home will provide families with an opportunity
to learn about the current health conditions and to become
aware of the risk of future cardiovascular events. The
authors believe home BP measurement will serve as an aid
to health education.

Influence of genetic factors

The hereditability of BP was established decades ago by
identifying a correlation between the BP levels of parents
and their natural offspring but no correlation between par-
ents and those of adopted children [21–23]. Thereafter,
several published studies have demonstrated that a large
percentage of children and adolescents with essential
hypertension have positive family histories of hypertension
in parents or grandparents [24, 25]. Genetic influences on
BP have also been shown frequently in comparison studies
of siblings [26] and twins [27].

Thus, genetic factors, along with environmental factors,
play an important role in the pathogenesis of hypertension.
It has been reported that individuals below the age of 50
years with a family history of hypertension have a fourfold
risk of developing hypertension compared with individuals
without a family history of hypertension [28]. Because early
detection and treatment of abnormal physiological condi-
tions associated with hypertension can prevent or postpone
end-organ damage or a morbid event, it is important to
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identify individuals at high risk before hypertension
develops.

We previously investigated the relationship between
home BP and body weight in young normotensive men
(mean age 16 years) with normotensive parents and age-
and sex-matched normotensive men with one or both par-
ents being hypertensive [29]. In this study, our subjects
were high school students, and their mothers were between
the ages of 40 and 50 years. Because women in this age
group were unlikely to have measured their own BP,
hypertension may have been unrecognized in some of them.
Furthermore, although a family history of hypertension can
be determined from histories or questionnaires obtained
from parents and grandparents of subjects, a diagnosis of
hypertension should be based on BP measurements. Since
casual measurements of BP have been found to be an
unreliable method for evaluating hypertension [30–32], we
asked parents as well as subjects to measure home BP with
an electronic semiautomatic sphygmomanometer. We
determined the family history of hypertension on the basis
of home BP measurements.

In our previous study, students with positive family
histories of hypertension had higher body weight than stu-
dents without a family history of hypertension [29].
Although the BP values at the time of medical checkup
were similar between normotensive high school students
with hypertensive parents and those with normotensive
parents, home SBP was significantly higher in students with
hypertensive parents than in students with normotensive
parents, despite SBPs being within the normal range [29].
Furthermore, significant positive correlations between body
weight or BMI and home SBP were observed only in stu-
dents with a family history of hypertension [29]. These
results indicated that young normotensive subjects with a
genetic predisposition to hypertension weighed more and
had higher home SBPs than subjects without a family his-
tory of hypertension. Our observations further indicated a
close relationship between a family history of hypertension
and increased body weight, even in young normotensive
men. Therefore, students with a positive family history of
hypertension need to pay specific attention to increases in
body weight during high school, as the possibility that this
awareness may lead to the prevention of or delay in the
development of hypertension has been suggested. To check
for predisposition, it is necessary to educate individuals as
early as possible so that all family members may measure
home BP periodically.

It is possible that a number of subjects with hypertensive
parents also had a positive family history of being over-
weight [33]. We can offer no pathophysiological explana-
tion for the increase in body weight observed in
prehypertensive subjects with family histories of hyperten-
sion. However, obesity-induced hypertension is a common

pathway observed in both children and adults [34–36] and
an updated comprehensive overview of the pathogenetic
factors and pathophysiological mechanisms linking obesity
to hypertension has recently been reported [37].

Influence of low birth weight and early
childhood growth

In Japan, the mean birth weight has been decreasing since
the 1980s [38], and the population born with low birth
weight has been increasing, which is similar to the obser-
vations made in many other developed countries [39, 40].
According to the Vital Statistics of Japan by the Ministry of
Health Labor and Welfare, the mean birth weight decreased
from 3.20 kg in 1980 to 3.02 kg in 2009. In contrast, the
percentage of low-birth-weight infants (<2500 g, single
delivery) increased from 4.6% in 1980 to 8.3% in 2009.
Several factors, such as shorter gestational duration,
increased maternal age, parental socioeconomic status, and
multiple fertilizations, have been reported to affect birth
weight. Low prepregnancy BMI, due to dieting, and low
maternal weight gain, due to strict weight management, also
seem to be major contributors to the high incidence of low-
birth-weight births in Japan [41].

The concept of early nutrition, as reflected in anthropo-
metric variables measured at birth and during infancy, as an
important contributor to elevated BP has received sub-
stantial attention in the medical literature [42], particularly
from a group of investigators from the United Kingdom.
Barker [43] showed that men and women whose birth
weights were at the lower end of the normal range, who
were thin or short at birth, or who were small in relation to
placental size had increased rates of hypertension and cor-
onary heart disease. This low-birth-weight hypothesis has
received considerable support from the growing evidence
that BP in adult life is inversely related to birth weight [44].
Furthermore, population studies conducted by Barker and
others have demonstrated an inverse correlation between
birth weight and adult BP [45–47]. This observation,
however, has not been confirmed by other studies [48], and
Paneth et al. [49] objected to this low-birth-weight
hypothesis because potential confounding variables, espe-
cially social class, had generally not been taken into
account. Furthermore, since the relationship may not be
demonstrable during childhood or early life [50], the data
concerning birth weight and BP during adolescence are thus
far inconsistent and controversial [51].

According to previous results in Japan, BP at the age of 3
years was higher with decreasing birth weight and
increasing body weight [52]. Moreover, in a 20-year follow-
up of 4626 individuals from birth, a lower birth weight and
a smaller rate of increase in height from age 3 to 20 years
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were independently associated with, respectively, increases
in BP and serum cholesterol levels at the age of 20 years
[53]. In adolescence, however, when the tracking of BP is
perturbed by rapid growth, no consistent association was
apparent [50, 51, 54]. In our previous study, we could not
find any significant relationship between birth weight and
BP in either male or female high school students (mean age
15 years) [55]. However, a significant relationship between
body weight and BP was observed in men but not in women
[55]. A stepwise regression analysis performed using body
weight, the body weight/birth weight ratio, BMI, and the
BMI/birth weight ratio identified birth weight as the inde-
pendent variable. Although BMI was associated with both
SBP and DBP in male subjects, this association was not
observed in female subjects. These results were in line with
those reported by Siewert-Delle et al. [56], who showed that
adult BP was not associated with birth weight but only with
adult BMI in male subjects born at term or later. Similar
results had previously been reported in the Muscatine Study
[57] and in a paper by Holland et al. [58], who reported that
weight gain in early childhood increased the risk of higher
adult BP, particularly in men.

These results indicated that the influence of BMI was
greater than that of birth weight for BP in men of this
generation. However, we do not know which of the three
candidate factors (low birth weight, overweight, and weight
change) was the most important factor determining adult
BP. The authors deem it important to determine which
factor or combination among the three candidate factors will
contribute to the onset of hypertension in adults. Con-
versely, the influence of BMI was not observed in women.
The following may be involved in this sex difference: (1)
young women rarely exhibit hypertension; (2) the range of
BP levels is narrow; and (3) these women are also rarely
overweight. Therefore, if a larger sample is examined, the
same tendency that was observed in men may also be
observed in women. In fact, more studies will likely be
performed in the future. Although the relationship between
birth weight and BP was not found in this generation in our
study [55], it is not clear whether this generation or the
subsequent generation will show similar patterns. A retro-
spective study is being performed to clarify this point, and a
prospective study is also ongoing.

Proposed explanations for the relationship between birth
weight and BP include inadequate maternal nutrition [59,
60], possibly leading to the acquisition of a reduced number
of nephrons [61] and a reduced filtration area per glomer-
ulus. This sequence of events applies a load to the kidney
with growth and causes hypertension [62]. Since kidney
formation occurs in the last 6–8 weeks of the gestational
period, the growth of the nephron is also restricted [63] if
growth impairment starts during this period. Moreover, it is
established that the number of nephrons will not increase

after birth [64], and autopsy studies have demonstrated a
reduced number of nephrons in patients with essential
hypertension [65, 66]. Furthermore, it has been reported that
birth weight is linearly correlated with the number of
nephrons [67] and that kidneys with reduced numbers of
nephrons probably have a reduced estimated glomerular
filtration rate (eGFR) [68]. Thus, birth weight may be a key
determinant of eGFR in the young [69–71].

We recently investigated birth weight and eGFR
changes in healthy Japanese adolescents (15- to 16-year
olds) from 1998 to 2015 [72]. We also examined birth
weight category trends to determine the contribution of
birth weight changes on renal dysfunction rates. Our study
found that the mean eGFR decreased from 105.1 ± 15.9 to
97.4 ± 13.8 mL/min/1.73 m2 and that the prevalence of
mildly reduced renal function (eGFR ≤ 60– < 90 mL/min/
1.73 m2) increased from 16.4% (1998–2003) to 30.0%
(2010–2015) with simultaneous decreases in birth weight
(from 3.21 ± 0.38 to 3.12 ± 0.38 kg) in our study popula-
tion [72]. However, renal function was not measured
directly by infusion of exogenous substances, such as
inulin, in our study; instead, an equation for eGFR for
Japanese adolescents with chronic kidney diseases was
used [73]. Although this equation has not been validated
in the general population [74] and may become less
accurate at higher GFR levels, the equation was deter-
mined in individuals with GFR < 150 mL/min/1.73 m2

[73]. We also found that these outcome trends varied by
birth weight category. The increased prevalence of mildly
reduced renal function was particularly notable among the
low-birth-weight participants. Multiple regression ana-
lyses demonstrated that low birth weight remained inde-
pendently associated with mildly reduced renal function.
Proteinuria also increased significantly over time, imply-
ing an increase in the renal dysfunction burden in the
subject population. Thus, this study demonstrated the
impact of the serial increase in low birth weight on renal
function. Our findings may have implications for the
broader Japanese population as well as for other popula-
tions in which the prevalence of low birth weight is
increasing.

Other potential explanations for the relationship between
birth weight and BP include some reports noting over-
exposure to maternal glucocorticoid levels in the womb [75,
76] or development disorders of blood vessels [77].

Low birth weight is a worldwide public health
concern, demonstrating an increasing incidence in devel-
oped countries, including Japan. Low birth weight is
also a risk factor for the subsequent development of
chronic kidney disease. To date, studies have not eval-
uated the population impacts of increasing low birth
weight rates on renal function. In a population of Japanese
adolescents, the frequency of mildly reduced renal
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function increased as the frequency of low birth weight
increased [72].

Other data have indicated that early childhood growth
may be more important than birth weight as an influence on
future BP. Children who were small at birth but had
accelerated weight gain either very early after birth [78] or
between the ages of 1 and 5 [46] had more insulin resis-
tance, obesity, and hypertension later in life. This associa-
tion between rapid postnatal weight gain and higher BP has
been prospectively documented in 3-year olds [79], 8-year
olds [80], and 11- to 14-year olds [81]. The authors also
agree with this hypothesis. When a child born with a low
birth weight subsequently becomes overweight, the risk of
lifestyle-related diseases, such as hypertension, may
increase beyond that of a child born at normal birth weight
with approximately the same weight. In this context, a
retrospective/prospective study is currently underway.

BP tracking

A major problem with essential hypertension in children
and adolescents is its development into adult essential
hypertension. According to the results of a comparison
study of BP at junior high school age and after 20 years in
Japan, 20.9% of hypertensive junior high school students
were still hypertensive after 20 years, whereas only 5.5% of
normotensive individuals became hypertensive [1]. In a
study in which university students were re-examined after
8–26 years, hypertension was observed in 44.6% of the
hypertensive group but in only 9.2% of the normotensive
group [2]. Conversely, in a large-scale study in the United
States that followed 1505 children aged 5–14 years for 15
years or longer (Bogalusa Heart Study) [3], individuals who
had elevated BP (>80th percentile) in childhood tended to
have elevated BP 15 years later, 40% ranked by SBP and
37% ranked by DBP. The prevalence of hypertension in
adulthood was much higher in individuals whose childhood
BP was in the top quintile: 3.6 times higher (18% vs. 5%)
for SBP and 2.6 times higher (15% vs. 5.8%) for DBP than
individuals in every other quintile. More recently, data from
the Fels Longitudinal study have added further weight to the
concept that an elevated childhood BP reading predicts an
increased chance of adult hypertension [4]. Such tracking is
more consistent if the elevated childhood BP levels are
combined with obesity, a parental history of hypertension,
or increased left ventricular mass in echocardiography
[82, 83]. However, it has been reported that the strength of
tracking appears to decrease with longer periods of follow-
up [84, 85]. Taken together, these data indicate that BP is
predicted over time at a population level and supports
interventions designed to prevent the future development of
hypertension.

Since few follow-up studies have been conducted in
students from high school to university in Japan, we
previously evaluated the determinants of elevated BP in
adolescents [86]. Specifically, we retrospectively eval-
uated the BP and anthropometric data in Japanese students
during high school and university. We targeted male
university students (mean age 21 years) who entered our
university after graduating from our associated high
school. Male university students who showed a BP above
“high-normal” (SBP 130–139 mm Hg or DBP 85–89 mm
Hg) at the age of 21 years exhibited a significantly higher
BP, heart rate, body weight, and BMI than the normo-
tensive participants when they were high school students.
Stepwise regression analysis of the data showed that the
best predictors of BP for male students at the age of
21 years were the initial high school BP and BMI levels
and changes in BMI and heart rate during the 6-year
follow-up period (Table 1). These results indicate that BP
and BMI during high school and the changes in BMI and
heart rate from high school to university influenced the BP
at age 21 years in male students. These data also indicated
that information on the prevention and management of
hypertension, including weight control, should begin
early, especially for male adolescents.

Possible changes in lifestyle upon university entry may
play a role in the above results. First, the time spent
exercising may decrease. Second, some students may start
to smoke and drink alcohol. Third, the frequency of eating

Table 1 Standardized regression coefficients and coefficients of
determination in the stepwise linear regression models for predicting
SBP and DBP at the age of 21 years from variables measured at the
age of 15 years and their changes over the 6 years in male students
[86]

Independent variable Standardized regression
coefficient

SBP at the age of 21 years

SBP (15 years) 0.489

BMI (21 years)−BMI (15 years) 0.331

BMI (15 years) 0.237

HR (21 years)−HR (15 years) 0.185

Coefficient of determination= 0.374

DBP at the age of 21 years

HR (21 years)−HR (15 years) 0.396

BMI (21 years)−BMI (15 years) 0.277

SBP (15 years) 0.270

DBP (15 years) 0.198

HR (15 years) 0.186

BMI (15 years) 0.159

Coefficient of determination= 0.363

SBP systolic blood pressure, DBP diastolic blood pressure, BMI body
mass index, HR heart rate
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outside the home is probably increased, and consequently,
the subject’s salt intake may be increased. A lack of eating
breakfast is another dietary concern. Lastly, an increase in
stress originating from job concerns may be relevant [87].
In consideration of the above factors, initial interventions
should be focused on lifestyle modifications. Non-
pharmacological treatment involving therapeutic lifestyle
changes and health-related behaviors is highly recom-
mended in children and adolescents with essential
hypertension in the early stage. Furthermore, male
high school students with a heavier body weight and a
higher BP should be regularly monitored for body weight
and BP.

Usefulness of regular exercise

The reduction of physical activity in adults in indus-
trialized countries is becoming a serious concern with
respect to lifestyle-related diseases such as hypertension
[88], diabetes mellitus, and dyslipidemia. Although the

decrease in exercise seems to be less detrimental to chil-
dren and adolescents than to adults, these problems can
affect even the younger generation [89]. Therefore, if the
decrease in exercise in this generation negatively influ-
ences individual BP levels, steps must be taken to correct
the lifestyles of such subjects.

Although the magnitude of change in BP may be modest,
aerobic exercise, weight loss, and dietary modifications
have been shown to reduce BP in children and adolescents
[90–92]. For example, sustained training over 3–6 months
has been shown to result in a reduction of 6–12 mmHg for
SBP and 3–5 mmHg for DBP [93]. Exercise has been
shown to improve body composition and reduce other
cardiovascular risk factors associated with obesity [94].
However, the cessation of training is generally promptly
followed by a rise in BP to pre-exercise levels. It is
important to emphasize that aerobic exercise activities such
as running, walking, and cycling are preferred to static
forms of exercise in the management of hypertension.

Many reports have demonstrated the usefulness of reg-
ular exercise in preventing hypertension or as initial therapy
for hypertension. The seventh [95] and eighth [96] reports
of the Joint National Committee have also recommended
regular exercise. Therefore, to investigate the usefulness of
regular exercise during adolescence, we previously eval-
uated differences in BP and cardiovascular risk factors,
including obesity, between male adolescents who belonged
to sports clubs (exercise group) and male subjects of the
same age group who did not belong to sports clubs (non-
exercise group) [97]. The clinical characteristics of the two
groups are shown in Table 2. We found that the exercise
group had a lower percentage of body fat, a lower DBP
value, and a lower heart rate, as well as a higher con-
centration of high-density lipoprotein (HDL) cholesterol
and a lower concentration of triglycerides (TG) than the
nonexercise group had (Table 2). Although the SBP in the
exercise group tended to be lower than that of the non-
exercise group, the difference was not statistically sig-
nificant. However, upon admission to high school (age 15–
16 years), the SBP, DBP, or heart rate in the exercise group
was similar to that in the nonexercise group.

The types of sports have been classified into nine sub-
groups based on peak dynamic and static components
during competition, as reported at the XXVI Bethesda
Conference [98]. Thus, we divided the exercise group into
three subgroups, which were classified according to the type
and intensity of exercise. No differences in insulin resis-
tance were found between the exercise group and the non-
exercise group; however, a significant difference was found
between students who preferred dynamic exercise and stu-
dents in the nonexercise group (Tables 2 and 3). Namely,
the students who preferred dynamic exercise exhibited
lower BP and TG and a lower homeostasis model

Table 2 Differences in blood pressure and cardiovascular risk factors
between male adolescents (age range: 17–18 years) who belonged to
sports clubs (exercise group) and male subjects of the same age group
who did not belong to sports clubs (nonexercise group) [97]

Exercise group Nonexercise
group

n= 150 n= 114

Height (cm) 172.4 ± 5.5* 170.7 ± 5.0

Body weight (kg) 64.5 ± 7.7** 60.3 ± 8.2

Body mass index (kg/m2) 21.7 ± 2.3** 20.7 ± 2.6

Body fat (%) 13.6 ± 3.4** 14.9 ± 3.8

Systolic blood pressure (mmHg) 118 ± 10 120 ± 12

Diastolic blood pressure (mmHg) 64 ± 7* 66 ± 8

Mean blood pressure (mmHg) 82 ± 7* 84 ± 9

Heart rate (/min) 70 ± 11** 76 ± 14

Total cholesterol (mg/dL) 164 ± 28 163 ± 25

HDL cholesterol (mg/dL) 63 ± 12* 60 ± 13

Triglycerides (mg/dL) 55 ± 23* 63 ± 27

Uric acid (mg/dL) 5.4 ± 1.0 5.5 ± 1.0

Fasting glucose (mg/dL) 88 ± 6 87 ± 6

Fasting insulin (μU/mL) 7.6 ± 2.6 7.7 ± 2.2

HOMA index 1.67 ± 0.64 1.66 ± 0.49

Positive FH of hypertension 33 (22.0%) 32 (28.1%)

Positive FH of diabetes mellitus 19 (12.7%) 18 (15.8%)

Values are mean ± SD. HOMA index= fasting glucose × fasting
insulin/405

HDL high-density lipoprotein, HOMA homeostasis model assessment,
FH family history

*p < 0.05, **p < 0.01 vs. nonexercise group
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assessment (HOMA) index than did both students who did
not belong to sports clubs and those who preferred less
dynamic exercise in our study (Tables 2 and 3) [97]. Fur-
thermore, a higher HOMA index was observed in students
who preferred less dynamic exercise than in the students
who did not belong to a sports club (Tables 2 and 3).

It should be noted that the terms “dynamic” and “static”
exercise characterize activity based on mechanical action;
thus, these terms differ from “aerobic” and “anaerobic”
exercise. Nevertheless, high-intensity dynamic exercise that
lasts for more than several minutes is considered to be
performed primarily aerobically. Clearly, the advantages of
aerobic exercise should be encouraged. In addition, it
should be noted that aerobic exercise improves insulin
resistance. Therefore, aerobic exercise should be recom-
mended, even in teenagers, to help reduce the risk factors
for cardiovascular disease, including hypertension.

Guideline-issuing organizations emphasize that the
treatment of hypertension in children and adolescents
should begin with nonpharmacological measures [7, 99]. As
a nonpharmacological intervention, a study reported that
moderate to intense aerobic exercise practiced for 40 min on
3–5 days a week improved vascular function, thereby
reducing BP [92]. Furthermore, for the correction of obe-
sity, exercise for pleasure is recommended. The total
amount of daily exercise is important for the prevention of
increases in BP regardless of the presence or absence of
obesity [100].

Questionnaire results about lifestyle

To further clarify the features of young hypertension and
to identify preventive measures, we recently performed
the following study [101]. Specifically, the differences
between a hypertensive and normotensive group of uni-
versity students and faculty and staff below 40 years of
age were examined using medical checkup results and
questionnaire results about lifestyle [101]. For university
students, both men and women in the hypertensive group
had significantly greater body weight and BMI than did
those in the normotensive group and showed a sig-
nificantly greater prevalence of obesity (BMI ≥ 25) (male
hypertensive group, 23.4% of freshman and 17.1% of
juniors; male normotensive group, 6.4% of freshman and
6.5% of juniors; female hypertensive group, 9.3% of
freshman and 10% of juniors; female normotensive group,
1.9% of freshman and 2.6% of juniors). The results were
similar to those previously obtained among male high
school students [86] and in a recent study of female high
school students (Takeda A, unpublished data). Moreover,
in a previous study performed in university students
[102], it was suggested that there was a close relationship
between changes in weight and BP for 3 years, regardless
of the original weight. Therefore, it seemed necessary not
only for an obese person but also for a normal-weight
person or a slightly obese person to be educated and
guided on the importance of weight control during

Table 3 Differences in blood
pressure, lipid data, and HOMA
index among the three
subgroups, which are classified
according to the type and
intensity of exercise [97]

Less dynamic
exercise

Moderately dynamic
exercise

Highly dynamic
exercise

n= 26 n= 62 n= 62

Height (cm) 172.3 ± 5.1 172.8 ± 5.6 171.9 ± 5.5

Body weight (kg) 66.1 ± 8.4 65.4 ± 8.5 62.9 ± 6.4

Body mass index (kg/m2) 22.3 ± 2.7 21.9 ± 2.6 21.3 ± 1.6

Body fat (%) 14.8 ± 4.2 13.8 ± 3.6 12.8 ± 2.7*

Systolic blood pressure
(mmHg)

119 ± 10 120 ± 11 116 ± 10†

Diastolic blood pressure
(mmHg)

65 ± 6 65 ± 7 63 ± 7

Mean blood pressure (mm
Hg)

83 ± 7 83 ± 7 81 ± 8

Heart rate (/min) 75 ± 12 69 ± 11* 68 ± 11**

Total cholesterol (mg/dL) 168 ± 22 161 ± 24 165 ± 34

HDL cholesterol (mg/dL) 60 ± 15 64 ± 12 64 ± 12

Triglycerides (mg/dL) 66 ± 29 54 ± 22* 52 ± 21**

Fasting glucose (mg/dL) 88 ± 5 89 ± 8 88 ± 5

Fasting insulin (μU/mL) 9.1 ± 2.0 7.6 ± 3.0* 6.9 ± 2.0**

HOMA index 1.98 ± 0.43 1.70 ± 0.81 1.50 ± 0.46**

Values are mean ± SD. HOMA index= fasting glucose × fasting insulin/405

HDL high-density lipoprotein, HOMA homeostasis model assessment

*p < 0.05, **p < 0.01 vs. less dynamic exercise, †p < 0.05 vs. moderately dynamic exercise
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university enrollment as a measure to reduce the incidence
of hypertension among students.

With regard to young obese individuals, it has been
reported recently that severe obesity in children and young
adults was associated with an increased prevalence of car-
diometabolic risk factors, particularly among boys and
young men [103]. That is, the study showed that the greater
the severity of obesity was the higher the risks of low HDL
cholesterol levels, high SBP and DBP, and high TG and
glycated hemoglobin levels. In our study, although blood
tests in this generation were not conducted, it was suggested
that the early correction of obesity is important.

An increase in the factors associated with obesity in these
university students, including lifestyle changes such as the
initiation of drinking, was considered. Thus, we examined
results from a questionnaire about drinking. Although dif-
ferences were not observed between hypertensive and nor-
motensive groups for both male and female freshmen, there
were significantly more students who drank in the male
hypertensive group among junior students (hypertensive
group 5.0% vs. normotensive group 2.5%). Recently, an
interesting report was published about drinking habits in
young adults [104]. According to the report, compared to
nonbinge drinkers, SBP at age 24 was 2.6 mmHg higher
among current monthly bingers (≥5 drinks/occasion) and
4.0 mmHg higher among current weekly bingers. In addi-
tion, SBP at age 24 was 2.9 mmHg higher among monthly
bingers at age 20 and 3.6 mmHg higher among weekly
bingers at age 20. That is, frequent binge drinking at ages
20 and 24 was associated with higher SBP at age 24, which

may be implicated in the development of hypertension.
Moreover, the authors previously reported that 85% of the
young adults who binged at age 20 sustained that behavior
until at least age 24 [105]. It has also been reported that
drinking patterns in early adulthood were strong predictors
of both the frequency of alcohol use and problem drinking
at ages 30 and 48 [106]. Thus, it appeared that education
and instruction from an early age, before drinking habits
begin, are required. In addition, there was no evidence for a
significant association with changes in smoking, exercise,
and eating habits other than drinking behavior in both male
and female university students.

In faculty and staff below the age of 40 years, the body
weight and BMI of the male hypertensive group were sig-
nificantly higher than those of the male normotensive group.
Moreover, there were significantly more obese persons
(BMI ≥ 25) in the male hypertensive group (38.4% of the
hypertensive group vs. 12.0% of the normotensive group) as
well as in the group of university students. A significant
difference between the hypertensive and normotensive
groups was also identified in terms of abdominal cir-
cumference, fasting glucose, TG, and HDL cholesterol
levels associated with a metabolic syndrome. In addition, a
difference was also observed in the heart rate, uric acid, and
low-density lipoprotein cholesterol levels (Table 4). Con-
versely, women showed patterns similar to those of men for
these variables. Since there were few women in the
hypertensive group, a significant difference could not be
determined in part (Table 4). With regard to the relationship
between BP and obesity observed in faculty and staff below

Table 4 Comparison between normotensive and hypertensive groups among faculty and staff below age 40 years [101]

Male Female

Normotensive group Hypertensive group p Value Normotensive group Hypertensive group p Value

n= 920 n= 203 n= 1674 n= 49

Age (years) 32.0 ± 4.0 32.7 ± 4.3 0.02 29.7 ± 4.9 32.0 ± 5.5 <0.01

Height (cm) 172.2 ± 5.7 172.8 ± 6.7 0.3 159.2 ± 5.2 158.8 ± 5.4 0.58

Body weight (kg) 65.2 ± 2.6 73.0 ± 12.0 <0.01 50.9 ± 6.8 56.6 ± 11.7 <0.01

BMI (kg/m2) 21.9 ± 2.6 24.5 ± 3.8 <0.01 20.1 ± 2.4 22.4 ± 4.3 <0.01

Abdominal circumference (cm) 78.2 ± 7.7 84.9 ± 10.4 <0.01 71.4 ± 6.8 76.3 ± 10.5 <0.01

Systolic blood pressure (mmHg) 114 ± 9 140 ± 10 <0.01 104 ± 10 137 ± 10 <0.01

Diastolic blood pressure (mmHg) 68 ± 7 83 ± 8 <0.01 62 ± 8 82 ± 9 <0.01

Heart rate (/min) 73 ± 11 79 ± 13 <0.01 75 ± 11 88 ± 13 <0.01

Creatinine (mg/dL) 0.86 ± 0.10 0.86 ± 0.11 0.64 0.63 ± 0.09 0.64 ± 0.09 0.52

Uric acid (mg/dL) 6.1 ± 1.2 6.6 ± 1.3 <0.01 4.4 ± 0.9 4.7 ± 1.1 0.04

Fasting glucose (mg/dL) 98 ± 11 103 ± 13 <0.01 94 ± 10 98 ± 9 0.02

Triglycerides (mg/dL) 95 ± 74 136 ± 106 <0.01 66 ± 38 73 ± 36 0.16

HDL cholesterol (mg/dL) 59 ± 13 55 ± 13 <0.01 69 ± 13 65 ± 16 0.11

LDL cholesterol (mg/dL) 112 ± 28 124 ± 31 <0.01 98 ± 25 107 ± 30 <0.01

Values are mean ± SD

BMI body mass index, HDL high-density lipoprotein, LDL low-density lipoprotein
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the age of 40, a reference to prior education also emerged to
some extent from the questionnaire results. That is,
regarding the item that showed a significant difference
between the male hypertensive and normotensive group, we
found significantly more “yes” responses to the question “Is
your present body weight 10 kg or more than your body
weight at age 20 years?” in the male hypertensive group
(hypertensive group 32.2% vs. normotensive group 14.9%).
Again, since there were few women in the hypertensive
group, a significant difference could not be determined, but
women showed similar tendencies (hypertensive group
10.2% vs. normotensive group 4.6%, p= 0.07). Although
this generation has still differed only approximately 10
years from the 20-year olds, for the person whose body
weight increased by 10 kg or more, it became clear that the
BP undoubtedly tended to increase. As mentioned above,
body weight is a major influence on the BP of this gen-
eration. Therefore, as we have previously reported for
university students [102], sufficient attention should be paid
to obvious increases in body weight in individuals in their
20s regardless of their present body weight, and the
necessity of prior education and instruction has been sug-
gested. Moreover, only in the male hypertensive group of
this generation were there significantly more smokers
(hypertensive group 15.7% vs. normotensive group 10.1%)
and more respondents who answered that they “often drink”
(hypertensive group 20.1% vs. normotensive group 11.7%).
Therefore, it is also necessary to pay particular attention to
this point at the time of lifestyle instruction for individuals

with higher BP. In addition, there were no significant group
or sex differences in the content of the questionnaire relative
to other lifestyle habits, such as exercise habits, sleep pat-
terns, and stress, among others.

Conclusion

Considering the existence of BP tracking phenomenon,
early education and instruction (especially regarding weight
control and recommendations for exercise) are necessary,
especially for male high school students who have a mod-
erately high BP and show a tendency toward obesity, even
in this generation. Moreover, it appears that students with a
positive family history of hypertension and those who are
born with a low birth weight require the same preventive
measures. Since significant lifestyle changes, such as the
initiation of drinking alcohol, will undoubtedly occur when
students begin university, opportunities for early education
and instruction about these habits and their association with
BP are required. In particular, for male students with higher
BP during high school, it appears that these precautions
regarding an increase in body weight are required irre-
spective of the degree of obesity. For young adults below
the age of 40, the importance of body weight and its
association with hypertension requires proper education and
instruction. Concerning lifestyle habits, special precautions
regarding drinking and smoking in male hypertensives are
required. Thus, hypertension at a young age also has a
strong association with obesity. It has previously been
reported in the United States [107] and Japan that there are
significantly more hypertensive patients among obese
individuals than among nonobese individuals, and the pre-
valence of hypertension increases as the degree of obesity
increases. Although these young obese individuals may
already have a lifestyle-related disease, suitable manage-
ment is necessary so that their BP does not lead to adults.
Therefore, both BP measurement and the management of
obesity are considered to be efficient methods for the
detection and medical treatment of young hypertension. For
the lifetime prevention of hypertension, it is very important
to be aware of one’s own health condition and to learn
proper lifestyle habits beginning in childhood. There have
been recent reports indicating that individuals with stage 1
and 2 hypertension before the age of 40, as defined by the
BP classification in the 2017 American College of Cardi-
ology/American Heart Association guidelines [108],
showed a significantly higher risk of subsequent cardio-
vascular disease events than those with normal BP before
the age of 40 [109, 110]. BP measurement should be an
objective for the lifetime prevention of hypertension. BP
measurement and BP classification may help identify young
adults at higher risk for cardiovascular disease events.

Table 5 Factors contributing to blood pressure levels in children and
adolescents

Genetic Parental and sibling blood pressure
levels

Increased salt sensitivity

Autonomic abnormalities

Obesity

Environmental Exercise

Birth weight

Socioeconomic status

Neonatal weight gain

Early childhood growth

Mixed genetic and
environmental

Height

Sexual maturation

Sympathetic nervous system
reactivity

Pulse rate

Sodium and other nutrient intakes

Stress

Body mass

Weight
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Finally, with the inclusion of the reports of other
researchers, we summarized the main factors that are cur-
rently thought to be involved in BP levels in children and
adolescents (Table 5).
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