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Characteristics of Young-Onset Hypertension 
Identified by Targeted Screening Performed at a 

University Health Check-Up

Yutaka EJIMA1),2),*, Yoko HASEGAWA3),*, Satoru SANADA1), Noriyuki MIYAMA1),4), 

Ryo HATANO1), Tomohiro ARATA1), Michiko SUZUKI1), Itsuro KAZAMA1), 

Akira SATO4), Susumu SATOMI4), Wataru HIDA3), and Mitsunobu MATSUBARA1)

Since the prevalence and clinical characteristics of young-onset hypertension are still to be elucidated, we

performed targeted-screening at an annual university health check-up for two consecutive years. Out of

16,464 subjects in 2003 and 17,032 in 2004 that were aged less than 30 years, 22 and 26 students (all males)

exhibited high blood pressure (BP), respectively, on three occasions during casual BP measurements at the

Tohoku University Health Center (systolic and diastolic BP of 140 and/or 90 mmHg or greater, respectively).

These students were asked to measure their BP at home, and 9 subjects in total were diagnosed as having

essential hypertension (EH). The remaining students were diagnosed as having white coat hypertension

(WCH). In 8 out of 9 EH students, their father and/or mother had also been treated with antihypertensive

medication. Adjustment by attendance ratio for each BP measurement suggested that the incidence of EH

was around 0.1% and that of hypertension (EH and WCH) was around 0.5% in university students aged less

than 25 years, since most of the subjects and hypertensive students were between 18 and 24 years old.

Body mass index of the EH, which was more than 25 kg/m2 (overweight), was significantly higher than that

with WCH. In conclusion, the combination of repeated casual BP measurements and home BP effectively

identified young-onset EH. The clinical parameters indicated that male gender, genetic background, and

excessive weight were risk factors for young-onset hypertension. (Hypertens Res 2006; 29: 261–267)
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Introduction

The number of young patients (less than 30 years old) with
essential hypertension (EH) is small (1), and most of them are
not identified due to the lack of clinical symptoms other than
a relatively small elevation of blood pressure (BP) and/or the

limited opportunities for BP measurement. Recently BP mea-
surement was added to the regular check-up at high schools
and universities in Japan, and the results of this initiative indi-
cated that up to 20% of young subjects have elevated BP (2,
3). Follow-up studies have suggested that BP elevation at the
school check-up is closely associated with the onset of EH
and/or EH-related cardiovascular complications later in life
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(2–5). BP measurement at school also demonstrated that
young subjects who were initially deemed hypertensive dur-
ing the first check showed a decline in BP at the second med-
ical check, suggesting a high incidence of white coat
hypertension (WCH), and indicating the necessity for
repeated BP measurements to evaluate the reliability and
accuracy of elevated BP readings (3, 6). This phenomenon
indicates the additional difficulty of identifying the small
number of EH patients among young subjects. Perhaps for
this reason, none of the previous studies have examined a
cohort of EH patients selected from a large group of young
students examined at an annual health check-up (2–5). Thus,
the prevalence and detailed characteristics of hypertension in
young subjects both remain to be determined.

We have performed three separate casual BP measurements
during a general check-up at Tohoku University, Japan, since
1994. We have noticed that, between the first two casual BP
measurements, the number of students with high BP was
markedly reduced, but the rate of decrease was much lower at
a 3rd measurement that was conducted by a medical doctor.
These results suggested that students with a high BP on three
separate occasions of BP measurement could be considered to
have high casual BP. The number of students who consis-
tently exhibited elevated BP during three independent mea-
surements was no more 30 among a total group of more than
18,000 students. Because additional BP measurement, such as
self BP measurement at home (home BP), could be achieved
with these students during the remainder of the school year,
we designed a novel screening system consisting of three sep-
arate casual BP measurements and additional home BP. We
utilized this novel system for two consecutive years, 2003 and
2004, and EH students requiring medical treatment were
identified from more than 18,000 students each year. Analysis
of these data from students aged less than 30 years provides
important information for the estimation of the prevalence of
hypertension, both EH and WCH, as well as demonstrating
risk factors and specific characteristics of young-onset hyper-
tension.

Methods

All students (18,456 in 2003 and 18,556 in 2004) at Tohoku
University were asked to undergo a regular health check-up,
including a BP measurement (1st BP) at Tohoku University
Health Center. The BP was measured under the supervision of
well-trained nurses using an automatic device (BP-203RVII;
Nippon Colin Co., Ltd., Komaki, Japan) on the right upper
arm with the subject in a sitting position after resting for at
least 5 min. Repeated BP measurement was not performed for
the hypertensive subjects, since the following additional
arrangements were made for the BP measurement of these
subjects. About 1 month later, we measured the BP of those
students with a systolic BP of 140 mmHg or greater and/or a
diastolic BP of 90 mmHg or greater (2nd BP). This 2nd BP
measurement was performed under the same conditions

described above. The students who again exhibited a high BP
(based on the threshold values defined above) were asked to
undergo a third BP measurement (1–2 months after 2nd BP)
that was performed by a doctor after a resting period of more
than 30 min and to respond to a questionnaire (3rd BP). The
doctor also performed a physical examination, checked the
chest X-ray, urinalysis, blood cell count, and electrocardio-
gram, confirmed the absence of clinical symptoms suggesting
underlying systemic disease, and checked the history of
familial hypertension. The doctor then selected students with
high blood pressure as defined above, and requested that they
measure their home BP, in the morning, using a fully auto-
mated, digital display device (HEM 747IC; Omron Life Sci-
ence, Kyoto, Japan) that was provided by the health center.
According to the guidelines of the Japanese Society of Hyper-
tension, the first measurement in the morning was recorded
for more than 2 weeks, and the mean BP values on different
mornings (last 7 measurements) were calculated and used as
the home BP. Finally, the students with a systolic home BP of
135 mmHg or greater and/or a diastolic home BP of 85
mmHg or greater were referred to the Tohoku University
Hospital for a detailed examination. The students exhibiting
lower home BP were diagnosed as having WCH, which was
considered to have been the cause of their consistently
increased BP during the school measurements. The results
from students less than 30 years of age (16,464 in 2003 and
17,032 in 2004) were analyzed. The study protocol was
approved by the Institutional Review Board of Tohoku Uni-
versity School of Medicine and performed during the Japa-
nese school years for 2003 and 2004.

The differences between data were examined for statistical
significance using the unpaired t test followed by Student’s t-
test. The results are expressed as the means±SD. p values
<0.05 were considered statistically significant.

Table 1. Profiles of Students Aged Less than 30 Years at
General Check-Up (1st Casual BP Measurement)

Variable Male Female

2003
Number 9,664 2,899
Age 22.0±2.6 21.3±2.7
BMI 21.3±2.1 20.1±2.4
Casual BP

Systolic 125.8±13.6 114.4±12.5
Diastolic 74.1±15.0 68.9±9.4

2004
Number 9,562 2,741
Age 21.8±2.7 21.5±2.8
BMI 21.0±2.8 20.1±2.4
Casual BP

Systolic 126.0±13.9 114.7±12.8
Diastolic 74.0±12.1 69.8±9.2

BP, blood pressure; BMI, body mass index. Data are mean±SD.
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Results

Clinical profiles of the subjects and BP values based on the
general health check (1st casual BP measurement) are pre-
sented in Table 1. The numbers of students who underwent
each step of the BP measurements during the 2003 and 2004
school years at Tohoku University are presented in Fig. 1. In
both years, two independent measurements (1st and 2nd mea-
surement) of casual BP markedly reduced the number of
hypertensive subjects. A third BP measurement by medical
doctors further decreased the number of hypertensive stu-
dents to 22 and 26 in 2003 and 2004, respectively. All of the
hypertensive students were males. Since the percentages of
students attending the 1st, 2nd and 3rd BP measurements
were 76.1%, 58.3% and 70.5%, respectively (Fig. 1), the inci-
dence of hypertensive students in 2003 was estimated to be
0.43% following adjustment for the attendance. After per-
forming a similar adjustment for attendance, the incidence of
hypertension in 2004 was estimated to be 0.48%. Out of these
hypertensive students, only 6 students in 2003 and 3 in 2004
demonstrated elevated BP during the home BP (Fig. 1). These
9 students subsequently underwent hospital examination and
were diagnosed as having EH requiring antihypertensive
medication. Two out of the three EH patients diagnosed in
2004 had also shown increased casual BP in 2003 and had
been admitted to Tohoku University Hospital, but failed to
complete the screening protocol that year. The remaining
patient was newly admitted to Tohoku University in 2004.
The students who exhibited normal range BP during the home
BP measurements were diagnosed as having WCH. The num-
bers of WCH students were 16 and 23 during 2003 and 2004,
respectively (Fig. 1). Since 5 WCH students in 2004 had

already been diagnosed with WCH in 2003, 18 WCH students
were newly diagnosed in 2004. Therefore, the total numbers
of EH and WCH students during these 2 years were 9 and 34,
respectively. The father and/or mother in 8 out of 9 EH stu-
dents and 18 out of 34 WCH students had been identified as
EH patients. Other EH and WCH students also exhibited a
familial history of hypertension.

Although we analyzed the data from students aged less than
30 years, the average age of both male and female students
was between 21 and 22 years (Table 1), suggesting that most
of the subjects in the present study were in their early 20s.
Thus, we examined the distribution of students according to
age, and the results are presented in Fig. 2A. The number of
EH or WCH students according to age is presented in Fig. 2B.
These figures indicate that most of the subjects and hyperten-
sive students were less than 25 years of age. In addition, the
attendance percentage for the first health check was more
than 65% in this age range (65–93 %), whereas it was less
than 50% in subjects 25–29 years of age (25–48%). There-
fore, the incidences of hypertension given above are consid-
ered to be representative of the incidence in young subjects
aged less than 25 years.

The WCH students diagnosed in 2003 were expected to
undergo a targeted screening protocol in 2004. Most of the
WCH students that were diagnosed in 2004 had been entered
into this screening system in 2003, although some of them
had not yet completed the protocol. Figure 3 shows the differ-
ences in the screening outcome for these WCH students
between 2003 and 2004. Thirteen out of 16 WCH students
diagnosed in 2003 underwent the targeted screening again in
2004; none of them were reclassified as having EH. Eight of
the WCH subjects exhibited a normal range of casual BP
(transient WCH), and only 5 students were again diagnosed

Fig. 1. Process of targeted screening for hypertension in 2003 and 2004. The numbers of students at each step, and the percent-
age attendances for blood pressure (BP) measurements are shown. HBP, self BP measurement at home.
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with WCH (consistent WCH). Out of 18 WCH students that
were newly diagnosed in 2004, 8 students were transferred
from a group of subjects with normal casual BP. However,
the diagnosis of the remaining 10 students in 2003 was absent
due to novel admission or incomplete performance of the
screening protocol in 2003.

To further investigate the clinical characteristics of EH and
WCH in these young subjects, BP values (3rd casual BP and
home BP), age, body mass index (BMI), presence of a strong
genetic background (EH in parents), and smoking habit were
examined, as presented in Table 2. Since 13 of the WCH stu-
dents diagnosed in 2003 again underwent check-up in 2004,
these students were divided into two subgroups, a transient

WCH group and consistent WCH group, for comparison. The
WCH students diagnosed in 2004 were included in one sub-
group due to the lack of outcome in 2005. In BP values, there
were no significant differences in casual systolic or diastolic
BP values among the EH and 3 WCH subgroups, although the
home BP values for the EH students were significantly higher
than those for any of the WCH subgroups (Table 2). The
mean BMI score in EH students was more than 25 kg/m2, and
this score was significantly higher than that of transient WCH
or WCH students newly diagnosed in 2004, whereas there
was no significant difference in age among these three groups
(Table 2). However, the BMI score from the consistent WCH
group was slightly elevated compared to that of the transient
WCH group, but there was no significant difference between
the EH and consistent WCH groups (Table 2). The incidence
of smoking was quite low, even in EH students (Table 2).

Discussion

In both 2003 and 2004, the incidence of hypertensive stu-
dents, identified by three separate casual measurements of
BP, was estimated to be approximately 0.4–0.5% of all stu-
dents aged less than 30 years. Although more than 10% of
students receiving an annual check-up exhibited a high casual
BP, additional casual BP measurements markedly reduced the
number of students with high BP. The incidence of high BP at
the 1st casual measurement was similar to the incidence of
young-onset hypertension reported by several previous stud-

Fig. 2. Age-dependent distribution. A: Students underwent the 1st BP measurement in 2004. The open columns represent the
numbers of male students and the closed columns represent the numbers of female students. B: Students with hypertension
between 2003 and 2004. The open columns represent the numbers of white coat hypertension (WCH) students and the closed col-
umns represent the numbers of students with essential hypertension (EH).
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ies (2, 3). A marked decline in the number with subjects high
BP following repeated BP measurements has also been
reported previously (3, 6). These findings indicate that the
white coat response occurs quite often in young subjects, and
thus the estimation of the incidence of hypertension in young
subjects is largely influenced by the protocol of BP measure-
ment. In the present study, the 3rd casual BP measurement
was performed carefully by medical doctors, but the reduc-
tion in number of students with high BP was much lower than
that following the 1st and 2nd casual measurements, both of
which reduced the number by around one-tenth of the stu-
dents. Thus, the students that exhibited high BP at each of the
three casual BP measurements were considered to continu-
ously exhibit high casual BP either by onset of EH or by a
strong white coat reaction. The similar incidence of such
hypertensive students between 2003 and 2004 confirms the
consistent presence of hypertensive students by casual BP
measurement, and also indicates the validity of three separate
measurements of casual BP in young subjects to select
patients requiring medical examination and treatment.

Home BP clearly classified the students with high casual
BP into two groups, a group of WCH and another group of
subjects requiring further evaluation, as we showed a signifi-
cant difference in home BP values between these two groups
of students. This supports the clinical importance of home BP
as procedure for diagnosing hypertension, especially in young
subjects, who have a high incidence of white coat reaction.
The number of EH students identified in the present study
varied between 2003 and 2004. The small incidence of EH in
young subjects may limit the consistency of results from year
to year, even in a population of more than 16,000. We found
a total of 9 EH students and 34 WCH students over the 2 years
of this study, and the incidence of hypertension either by EH
or WCH was similar for each year, as mentioned above. Thus,
the ratio of total numbers between EH and WCH in total is
considered to be close to that of the incidence between them.

Consequently, the incidence of EH might be around 0.1% in
these young subjects. Because most of the subjects and hyper-
tensive students were between 18 and 24 years of age, the
incidence of EH or WCH may represent the prevalence in a
very young population, aged less than 25 years. This study is
limited in that the home BP was performed after casual BP
measurements, and we may have failed to identify those stu-
dents with isolated ambulatory hypertension, or elevated BP
at home using normal casual BP. Recently, Palatini and
coworkers reported a relatively high incidence of isolated
ambulatory hypertension in a young population (7). However,
home BP or ambulatory BP monitoring of more than 16,000
students at a general health check-up, which should be com-
pleted every year, requires much more medical staff, as well
as more devices for BP measurement. Therefore, we intend to
select students with normal casual BP for additional home
BP, based on the clinical characteristics of young-onset
hypertension that were demonstrated in the present study.

All hypertensive students selected by repeated casual BP
measurement were males. The number of female students
included in the present study was 3,551 in 2003 and 3,577 in
2004, and the attendance ratio for the 1st and 2nd BP mea-
surements was greater than that of male students (data not
shown). The absence of hypertensive students in the female
population therefore indicates the extremely low incidence of
hypertension in young female subjects. Sharabi and cowork-
ers recently examined the casual BP levels in subjects from
25 to 45 years of age, and found a significantly higher BP for
men than women in the population with normal BMI (8).
When we compared the BP values during the 1st measure-
ment of BP between male and female students, the BP of male
students was significantly higher than that of female students.
However, we have also demonstrated that BP values taken
from a single occasion of BP measurement are not reliable
due to the high incidence of WCH in these young subjects.
Therefore, our present findings indicate that male gender is a

Table 2. Clinical Parameters of Hypertensive Students Defined by Casual BP

Variable EH Consistent WCH Transient WCH
Newly diagnosed 

WCH in 2004

Number 9 5 8 18
Age 21.4±2.6 21.8±1.6 20.3±1.3 21.6±1.8
Casual BP

Systolic 149.0±7.1 144.0±7.4 147.3±10.4 146.6±11.0
Diastolic 90.0±8.4 90.0±9.9 87.3±7.3 86.9±10.2

Home BP
Systolic 142.8±5.7 123.0±3.5* 119.9±7.6* 122.3±6.4*
Diastolic 90.2±6.6 77.4±3.0* 72.8±7.0* 76.6±5.4*

BMI 27.8±4.3 24.5±4.1 21.8±3.0* 23.5±3.0*
EH in parents (%) 8 (89) 3 (60) 3 (38) 9 (50)
Smoking (%) 1 (11) 2 (40) 0 (0) 1 (6)

Values of consistent or transient WCH are those in 2003. BP, blood pressure; EH, essential hypertension; WCH, white coat hyperten-
sion; BMI, body mass index. Data are mean±SD. *p<0.05 vs. data of EH.
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strong risk factor for young-onset hypertension, but BP val-
ues determined by repeated BP measurements are required to
confirm the presence of gender-based differences in BP.

Since we performed a targeted screening for 2 consecutive
years, we examined the alteration of diagnostic classification
in individual WCH students. Thirteen WCH students that
were diagnosed in 2003 underwent check-up again in 2004. In
none of these cases was the diagnosis changed to EH, and 5
students were re-diagnosed with WCH (consistent WCH). By
contrast, 8 of these 13 WCH students exhibited a normal
casual BP (transient WCH). Frontini and coworkers exam-
ined the effect of awareness of hypertension in a large popu-
lation of young adults (9), and reported that such awareness
increased the proportion of subjects undergoing medical
treatment. Our present findings suggest that the awareness of
WCH may influence subsequent casual BP values in some of
the young subjects with WCH. Continuous performance of
the present screening system will further reveal the character-
istics of young-onset WCH.

In the present study, we examined the effects of the pres-
ence of a strong genetic background, such as hypertension in
the father and/or mother. This information is highly reliable in
most university students, as their parents are in their 40s or
50s and undergoing general check-ups provided either by
their employers or by the local government. Since BMI and
smoking habits were also examined at our university check-
up, we compared these clinical parameters between EH and
various types of WCH. Although WCH students diagnosed in
2004 could not be divided into subgroups due to the lack of
subsequent results, their data were also used for comparison
(Table 2). EH students and all subgroups of WCH students
demonstrated similar values of casual BP, indicating the
absence of specific characteristics in BP levels except for
increased home BP in EH students. The BMI score for the EH
patients was more than 25 kg/m2 (overweight) on average,
and was significantly greater than that of students with tran-
sient WCH or the WCH students newly diagnosed in 2004.
However, there was no significant difference in age or inci-
dence of smoking among these three subgroups. The presence
of a strong genetic background was also much higher in EH
students when compared to the students with transient WCH
or the WCH students newly diagnosed in 2004. These find-
ings confirm that obesity (8) and a genetic background are
risk factors for young-onset EH. Since the overweight could
be treated by diet and exercise, the influence of body mass on
young-onset hypertension could be further evaluated by con-
trolling the body weight of EH or WCH students with high
BMI score.

Identification of young EH patients at early stages of hyper-
tension may reduce the incidence of later onset of cardiovas-
cular diseases. Although the present targeted screening
system is still incomplete due to several limitations, such as
incomplete attendance and failure to find isolated cases of
ambulatory hypertension, our present system assisted in the
identification of 9 students with EH who exhibited no clinical

manifestations other than hypertension over 2 years. This
examination revealed several important characteristics of
both young-onset EH and WCH in young subjects. Therefore,
ongoing utilization of our present system, together with mod-
ifications based upon our present findings, may lead to better
understanding of hypertension in young subjects, as well as
further identification of young-onset EH at an earlier stage.
Since the genetic investigations in the general Japanese popu-
lation aged 40 years and over have as yet failed to identify
significant genetic factors for EH (10–16), use of the present
system could lead to an increase in the identification of cases
of young-onset EH which may be associated with a strong
genetic background for EH, and these cases could provide
important genetic information for the study of hypertension.
The low frequency of young-onset hypertension (both EH and
WCH), however, indicates that most subjects who are going
to show hypertension relatively late in life are not well identi-
fied by the present system. The threshold BP values, which
are same as those used for general check-up for the general
population, could be too high for young subjects. Therefore, a
systematic prospective study following-up even students with
normal-range BP is also required to determine the ideal
threshold BP values for use at university check-ups.

Perspectives

We performed targeted-screening at an annual university
health check-up for 2 consecutive years. The combination of
three separate measurements of casual BP at a university
health check-up and additional home BP measurements effec-
tively identified the low frequency of young-onset EH.
Repeated and ongoing utilization of this system suggests that
male gender, strong genetic background, and obesity are risk
factors for young-onset EH.
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