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1 | INTRODUCTION DBP and the widening pulse pressure (PP). ISH is commonly viewed as

the manifestation of vascular aging and is conceivably the most com-
Isolated systolic hypertension (ISH) is defined as systolic blood pres- mon subtype of hypertension in the elderly population.>™* The elderly
sure (SBP) 2140 mmHg and diastolic blood pressure (DBP)<90 mmHg.* with ISH have a significantly higher risk of cardiovascular diseases>®
The prevalence of ISH increases with age along with the decreasing and benefit substantially from antihypertensive therapy.””?
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Although the prevalence of hypertension in the young adults is
usually low, ISH is also the most common form of hypertension in
adolescents and young adults.’® The proportion of ISH to systolic-di-
astolic hypertension (SDH) in the population aged <40 years is 2 to
1.1 Current evidence suggests the existence of two main pheno-

types of ISH in the young, one is spurious systolic hypertension,*~14

k11,12

and the other is ISH with increased cardiovascular ris and less

of a difference between central and peripheral SBP, that is, a re-
duced stiffness gradient between central and peripheral arteries.’”

An elevated central SBP or PP may indicate the presence of vas-
cular aging or early vascular aging with increased arterial stiffness
and/or wave reflections.’ It has been suggested that young-to-mid-
dle-age ISH individuals with low central SBP may have a lower risk of
hypertension needing treatment than those with high central SBP.*”
However, the relationship between central blood pressure and ISH
remains to be determined. Therefore, we aimed to investigate the
association between ISH and central blood pressure in a nationally
representative sample in Taiwan, with a focus on the young- and
middle-aged adults (<50 years old).

2 | MATERIALS AND METHODS

2.1 | Study population

Since 1993, the Health Promotion Administration, Ministry of Health
and Welfare has conducted a series of Nutrition and Health Survey in
Taiwan (NAHSIT). The protocol of the survey in 1993-1996 covered
all residents in the National Household Registry in Taiwan, exclud-
ing those who lived in military institutes, medical institutes, schools,
occupation/sport training centers, dormitories, and prisons. Enrolled
subjects in the NAHSIT were selected using a multistage stratified
sampling scheme. The detailed information of sampling methods has
been described in a prior study.18 Each enrolled resident was firstly
informed of the aims and potential benefits/risks of this survey and
then was asked to sign the informed consent before the interview.
All subjects who had received the household interview were invited
for a health check-up, included fasting blood biochemical and urine
sample testing, and central and brachial blood pressure measure-
ments. A total of 2742 residents aged more than 19 years attended
the health check-up. Among these, a total of 2029 residents who
reported not taking any antihypertensive medication were included
as the study population for the present study.

2.2 | Blood pressure measurement and definitions

All participants were asked to refrain from exercise, smoking, and
drinking tea or coffee at least one hour before blood pressure
measurement. Blood pressure measurement was carried out in the
morning while subjects had been seated and relaxed for 5 min with
back and arms supported, legs uncrossed, and feet flat on the floor
in a quiet room at each survey site for the health check-up.t? All

measurement sites followed the same protocol. Central and brachial
blood pressures were measured simultaneously in the right arm with
an appropriately sized cuff at heart level, using an validated oscil-
lometric central blood pressure monitor (WatchBP Office Central;
Microlife AG, Widnau, Switzerland).?’ The central blood pressure
monitor measured brachial SBP and DBP, performed pulse volume
plethysmography at cuff pressure of 60 mm Hg to provide an ensem-
ble average brachial pressure waveform, calibrated the ensemble
average waveform to the brachial SBP and DBP, analyzed the cali-
brated waveform, and finally calculated central SBP and PP accord-
ing to separate regression equations constructed from components
of the analyzed waveform.?%?! The central blood pressure monitor
displayed readings of brachial SBP and DBP, central SBP and PP, and
heart rate, each of which was an average from 2 consecutive meas-
urements separated by an interval of 60 s. Central DBP was calcu-
lated as the difference between central SBP and PP.2° Measurement
accuracy of the stand-alone oscillometric central blood pressure
monitor with reference to the simultaneously measured invasive
central blood pressure in 85 subjects (255 measurements; age range,
30-93 years) has been previously reported.?°

In the present study, normotension (NT) was defined as brachial
SBP <140 mmHg and brachial DBP <90 mmHg; ISH was defined as
brachial SBP 2140 mm Hg and DBP <90 mm Hg; isolated diastolic
hypertension (IDH) was defined as brachial SBP <140 mm Hg and
DBP 290 mm Hg; and SDH was defined as brachial SBP 2140 mm Hg
and DBP 290 mm Hg. Central hypertension was defined as central
SBP 2130 mm Hg or DBP 290 mm Hg.??

Body mass index was calculated as weight in kilogram divided
by height-square in meter. The definitions of general obesity and
central obesity in Taiwanese have been proposed by the Health
Promotion Administration, Taiwan. Obesity was defined as body

mass index 227 kg/m2,23

and central obesity was defined as waist
circumference 290 cm for men and =80 cm for women.?® Diabetes
was defined as fasting glucose 2126 mg/dL or using anti-diabetic

medications.?*

2.3 | Statistical methods

Means (+SD) and proportions were used to describe the characteris-
tics of the sampled population. Comparisons between subjects with
ISH and subjects with NT, IDH, or SDH were performed separately
with t test for interval variables or chi-squared test for categorical
variables. The analysis was separately conducted in younger adults
(<50 years old) and older adults (50 years old).

Logistic regression was used to investigate the determinants of
ISH among young adults and older adults. The logistic regression with
stepwise selection was conducted with ISH (vs. NT) as the dependent
variable and with the candidate variables, including age (years), sex
(men vs. women), heart rate (beats/min), central PP (mmHg), obesity
(=27 kg/mz), high waist circumference (290 cm for men and =80 cm
for women), high triglycerides (2150 mg/dL), low high-density lipo-
protein cholesterol (<50 mg/dL for men and <40 mg/dL for women),
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high low-density lipoprotein (LDL) cholesterol (2130 mg/dL or using
lipids lowering drugs) and diabetes.

We described the associations of age (5-year increment) with
prevalence of ISH and with levels of central SBP and central PP
using a histogram (prevalence of ISH) and line charts (group means
of central SBP and central PP; Figure 2A, B, C). We found a J-shaped
association between age and prevalence of ISH, and between age
and central PP. Therefore, we further separated the younger adults
at age 30 and then to estimate and compare the ISH prevalence rates

among the three age groups (<30 years, 30-49 years, and =50 year)

by CHISQ test.

All statistical tests were set at a type | error of 5% and 2 tails. P

values of <.05 were considered statistically significant.

NT (n = 910) ISH (n = 21) IDH (n = 16)
Age, years 34.2+8.7 32.0+8.7 40.6 +7.6
Male, % (n) 42.65% (388)" 90.48% (19)1 68.75% (11)F
Brachial SBP, mmHg ~ 109.8 + 12.0° 143.3 +2.8" 132.5+2.77
Brachial DBP, 68.7+8.3 82.9 491 92.9 +2.4F
mmHg
Brachial PP, mmHg  41.1+8.2 604+ 6.11 39.6+3.8
Central SBP, mmHg  113.4 +10.7° 141.0 + 7.31 130.3 £ 7.21
Central DBP, mmHg ~ 66.2 £7.0° 78.2 + 4.5t 85.6+ 4.4
Central PP, mmHg 47.3+9.5 62.8+9.7" 447 +10.7
Heart rate, beats/ 76.6 +10.7 73.9+90 784+ 151
min
Body mass index, 23.1+4.0 30.1+5.3 28.5+ 4.6
kg/m?
Waist 79.5 +10.8 98.8 + 12.41 90.7 + 10.21
circumference,
cm
Triglycerides, mg/dL ~ 102.7 + 84.2° 151.2 +76.5 188.3 + 170.6'
HDL cholesterol, 55.8+14.9 427 +8.8" 46.5 +14.5
mg/dL
LDL cholesterol, 1111+ 32.7 129.0 + 27.8 118.4 +38.8
mg/dL
Total cholesterol, 181.5 + 35.2 195.4 + 30.4 190.6 + 39.1
mg/dL
Glucose, mg/dL 96.2+15.6 103.6 + 19.8 113.3 +48.1"
Obesity, % 15.05% 71.43%! 75.0%!
Central obesity, % 26.15% 80.95%! 68.75%"
Diabetes, % 2.86% 18.75%" 14.29%!
Smoking, % 16.37% 33.33%" 37.50%"
Low physical 34.4% 23.81% 12.5%}
activity

3 | RESULTS

3.1 | Prevalence rates of hypertension subtypes

Among the 2029 untreated participants, the prevalence rates of
ISH, IDH, and SDH were 6.51%, 1.92%, and 4.34%, respectively.
The prevalence rates of ISH, IDH, and SDH were 2.15%, 1.64%, and
2.97%, respectively, for adults <50 years old (Table 1). In contrast,
for adults 250 years old, the prevalence rates were 10.54%, 2.18%,
and 5.60%, respectively (Table 2).

Both younger and older subjects with IDH and SDH were pre-
dominantly men. In contrast, there was a sex difference in the epi-
demiology of ISH. Adults with ISH were predominantly men before

TABLE 1 Characteristics of the study

SDH (n =29) population aged <50 years (n = 976)

39.8+8.1"
86.21% (25)1
155.5 + 13.2"
100.1 + 7.6"

55.4 +10.7
147.6 + 12.5
92.3+8.0"
55.2 + 14.01
78.4+12.4

28.9 +7.0"
94.4 1577
166.6 + 11097
48.6+14.2
119.6 +19.7
191.7 +25.2

102.2 +13.2
58.62%"
58.62%
10.34%"
27.59%
27.59%

Note: Obesity was defined as body mass index 227 kg/mz; central obesity was defined as waist
circumference 290 cm for men and 280 cm for women.

Abbreviations: DBP, diastolic blood pressure; HDL, high-density lipoprotein; IDH, isolated diastolic
hypertension; ISH, isolated systolic hypertension; LDL, low-density lipoprotein; NT, normotension;
PP, pulse pressure; SBP, systolic blood pressure; SDH, systolic/diastolic hypertension.

*p-value < .05 in comparison with ISH group.

tp-value < .05 in comparison with NT group.
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age 50 years but were predominantly women after age 50 (Tables 1
and 2, Figure 1A and B).

ISH was the dominant hypertension subtype in men aged
20-30years and 65-80 years (Figure 1A). In contrast, the prevalence
of ISH in women was very low before age 50 years but increased
dramatically after age 50, and ISH was the dominant hypertension
subtype in women across the age range of 50-80 year (Figure 1B).
The prevalence of IDH peaked at age 45 and declined with increas-
ing age thereafter in men (Figure 1A), but it was consistently low in
women, especially after 70 years old (Figure 1B). SDH was the dom-
inant hypertension subtype in men aged 35-60 years (Figure 1A). In
women, SDH was rare before age 40 and the rate increased grad-
ually after age 50 (Figure 1B). Overall, ISH was the dominant hy-
pertension subtype in the separate age ranges of 20-30 years and

65-80 years, respectively (Figure 1C).

3.2 | Characteristics of ISH
Among younger adults (<50 years old), ISH was associated with male
gender, greater body mass index and waist circumference, higher levels
of triglycerides, total cholesterol, LDL cholesterol and fasting glucose,
lower level of high-density lipoprotein cholesterol, and higher preva-
lence of obesity, central obesity, diabetes, and smoking, when com-
pared with NT (Table 1). Moreover, among hypertension subtypes, ISH
patients had the youngest age and the highest measures of body mass
index and waist circumference, and the highest prevalence of central
obesity and diabetes (Table 1). When compared with NT, subjects with
IDH or SDH had older age, more male gender, greater body mass index,
waist circumference, level of triglycerides, and prevalence of obesity,
central obesity, and diabetes (Table 1). Heart rate was not significantly
different among NT and all subtypes of hypertension (Table 1).
Among older adults (250 years old), ISH was associated with age,
greater body mass index and waist circumference, higher level of
triglycerides, and higher prevalence of obesity, central obesity, and
diabetes, when compared with NT (Table 2). Moreover, among hy-
pertension subtypes, ISH patients had the highest age and the high-
est prevalence of central obesity, diabetes, and low physical activity
(Table 2). When compared with NT, subjects with IDH or SDH had
more male gender (Table 2). Heart rate was not significantly differ-
ent among NT and all subtypes of hypertension (Table 1).

3.3 | ISH and central blood pressure

Among younger adults (<50 years old), compared with NT subjects,
subjects with ISH had significantly higher brachial and central SBP,
DBP, and PP (Table 1). Compared with subjects with IDH, brachial
and central DBP were significantly lower in ISH individuals, but
brachial and central PP and central SBP were significantly higher
(Table 1). Compared with subjects with SDH, brachial SBP and DBP
and central DBP were significantly lower in ISH individuals (Table 1).

There were no differences in brachial or central PP between ISH and
SDH subjects (Table 1). Central hypertension was found in all sub-
jects with ISH or SDH and in 62.5% of subjects with IDH (Table S1).

Among older adults (250 years old), compared with NT subjects,
subjects with ISH had significantly higher brachial and central SBP,
DBP, and PP (Table 2). Compared with subjects with IDH, brachial
and central DBP were significantly lower in ISH individuals, but
brachial and central SBP and PP were significantly higher (Table 2).
Compared with subjects with SDH, brachial and central SBP and
DBP were significantly lower in ISH individuals, but brachial and
central PP were significantly higher (Table 2). Central hypertension
was found in all subjects with ISH, in 98.31% of SDH, and in 69.67%
of IDH (Table S1).

Overall, levels of central SBP and PP according to each 5-year
age group are shown in Figure 2. In both men and women, central
SBP and PP increased with age roughly after age 50 years (Figure 2A
and 2B). However, central PP was high at age 20 years and declined
with age until age 50 (Figure 2A, 2B, and 2C). The J-shaped associ-
ation between age and central PP roughly simulates the association
between age and ISH prevalence (Figure 2C). ISH prevalence rates
were 2.95%, 1.73%, and 10.54% (p-value of X2 <.0001), the average
levels of central PP were 49.5, 47.0, and 54.0 mmHg, and the prev-
alence rates of central obesity were 22.1%, 32.7%, and 46.53% for
subjects aged <30, between 30 and 49, and 250 years, respectively.

Among younger adults (<50 years old), multivariable logistic
regression showed that male gender, central PP, central obesity,
and high LDL cholesterol were independently associated with ISH
(Table 3). Among older adults (250 years old), multivariable logistic
regression showed that central PP and central obesity were inde-
pendently associated with ISH (Table 3). Among all adults, multivari-
able logistic regression showed that age, high LDL, central PP, and
central obesity were independently associated with ISH (Table 3).
Heart rate was not significantly associated with ISH in any multi-

variable models.

4 | DISCUSSION

4.1 | Main findings

Among the 2029 untreated adults from a nationally representa-
tive population, ISH was the most common subtype of hyperten-
sion. Younger adults with ISH were predominantly men and had a
high prevalence of central obesity, whereas older adults with ISH
were significantly associated with age and central obesity. All sub-
jects with ISH had central hypertension and had a higher central
PP than those with IDH or SDH. Moreover, there was a J-shaped
relationship between age and ISH prevalence and also between
age and central PP. The association of central hypertension, cen-
tral obesity, and high central PP with ISH may provide insights into
the management for ISH, especially in the young- and middle-aged

adults.
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TABLE 2 Characteristics of the study

NT (n = 860) ISH (n = 111) IDH (n = 23) SDH (n = 59) population aged = 50 years (n = 1053)
Age, years 63.1+9.0 69.0 9.0 61.1+7.8" 63.6+8.2°
Male, % (n) 49.53% (426) 45,05% (50) 73.91% (17)* 71.19% (42)t
Brachial SBP, mmHg 116.7+11.9 148.1 + 9.47 132.7 + 7.47 156.2 £ 16.61
Brachial DBP, mmHg ~ 70.6+8.1° 80.1+ 691 93.1 +3.4" 97.7 + 9.0t
Brachial PP, mmHg 46.1+91 68.1+11.3" 39.6 +9.8f 584+ 127"
Central SBP, mmHg 119.3+11.1° 147.8 + 11.01 132.0+ 9.6 152.3 + 18.1F
Central DBP, mmHg 68.1+69 754+ 6.5" 87.1+3.8f 89.7 +8.51
Central PP, mmHg 51.2+10.2° 72.4 +13.51 449+10.6 62.6+17.1%
Heart rate, beats/min 73.0+10.2 73.9+99 76.0+10.1 75.5+11.8
Body Mass Index, 237+3.3 25.2+3.8" 24.2+28 25.4 + 3.4
kg/m?
Waist circumference, ~ 83.8+9.6° 88.0+10.0" 87.6+6.8 89.1+ 9.8
cm
Triglycerides, mg/dL ~ 119.0  67.9° 135.5+98.8 138.1 + 65.7 124.9 + 62.8
HDL cholesterol, 549 +16.1 52.8+15.5 49.7+12.8 51.9+13.8
mg/dL
LDL cholesterol, 122.5+31.6 122.8 +35.2 135.1 +28.6 124.9 +27.5
mg/dL
Total cholesterol, 194.3 + 34.3 196.0 + 39.4 206.8 +34.6 193.9 +32.5
mg/dL
Glucose, mg/dL 107.0 = 29.1 112.7 +29.5 110.8 + 30.7 113.0 + 43.7
Obesity, % 15.81% 27.03%" 21.74% 30.51%"
Central obesity, % 43.37% 63.96%" 52.17% 57.63%!
Diabetes, % 13.26% 21.62%" 17.39% 15.25%
Smoking, % 14.42% 10.81% 26.09% 16.95%
Low physical activity 29.30% 29.73% 17.39% 27.12%

Note: Obesity was defined as body mass index 227 kg/m?; central obesity was defined as waist

circumference 290 cm for men and 280 cm for women.

Abbreviations: DBP, diastolic blood pressure; HDL, high-density lipoprotein; IDH, isolated diastolic
hypertension; ISH, isolated systolic hypertension; LDL, low-density lipoprotein; NT, normotension;
PP, pulse pressure; SBP, systolic blood pressure; SDH, systolic/diastolic hypertension.

*p-value < .05 in comparison with ISH group.
tp-value < .05 in comparison with NT group.

4.2 | Prevalence of ISH in the young- and middle-
aged adults

According to the analysis based on National Health and Nutrition
Examination Survey (NHANES) Il (1988-1994), for the younger
hypertensive group (<50 years old), IDH was most common among
untreated individuals, followed by SDH and ISH.?2 However, the
1999-2004 NHANES data indicated that ISH among young adults
(aged 18-39 years and not on antihypertensive medications) was
increasing in prevalence (1.57%) and was more common than SDH
(0.93%).2° In 3744 untreated subjects, aged <40 years from a multi-
ethnic prospective cohort study in Amsterdam, The Netherlands
(the HELIUS study), the most common hypertension subtype was
SDH (3.98%), followed by ISH (2.91%) and IDH (2.27%).}2 In 432
male Japanese workers and University students aged 18-49 years,
the prevalence for ISH, IDH, and SDH was 5.78%, 10.87%, and
12.04%, respectively.?® In contrast, among 1008 subjects aged 17 to

27 years from the ENIGMA study, the prevalence of ISH was 8% and
other hypertension subtypes, 4%.

In the present study of an untreated nationally representative
sample, as expected, the prevalence rate for ISH (2.15%) was lower
among the young- and middle-aged adults (<50 years old) in compar-
ison to the older adults (=50 years old, 10.54%). The prevalence of
ISH was higher than IDH (1.64%) but lower than SDH (2.97%). Our
results are in agreement with that of the HELIUS study.'?

Population studies have found that PP values may be high
around the age of 20 years and low in the age range between 20
and 40 years.?’"*° The Hypertension Ambulatory Recording Venetia
Study found a J-shaped association between PP and age for sub-
jects aged 18-45 years old.®! Similarly, the HELIUS study found a
U-shaped association between brachial/central SBP and age for sub-
jects aged <40 years old.*? The J-shaped association between age
and ISH prevalence has been reported in prior studies.*??>3! For ex-
ample, the NHANES 1999-2004 that male aged 30-39 years old had
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FIGURE 1 Prevalence of IDH, ISH, and SDH among adults without taking antihypertensive medications, according to each 5-year age
group in men (A), women (B), and (C) total population. IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension; SDH, systolic/
diastolic hypertension
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FIGURE 2 Prevalence of ISH and levels of central SBP and PP in adults without taking antihypertensive medications, according to each
5-year age group in men (A), women (B), and (C) total population. ISH, isolated systolic hypertension; PP, pulse pressure; SBP, systolic blood
pressure

TABLE 3 Determinants of isolated

>
systolic hypertension when compared Age < 50 years Age 2 50 years All
with normotensives, multivariable analysis Age, years 1.02 (1.01-1.04)
Men vs. women 10.2 (2.21-47.16)
Central pulse pressure, 1.10 (1.05-1.15) 1.17 (1.14-1.20) 1.15(1.12-1.17)
mmHg
Central obesity, yes 11.46 (3.19-41.22) 1.75 (1.05-2.93) 2.37 (1.50-3.76)
Vs. No
High LDL, yes vs. no 3.84 (1.30-11.32) 1.82(1.16-2.85)

Note: Numbers are odds ratios and 95% confidence intervals. Heart rate as a co-variate did not
enter any of the models.

Abbreviation: LDL, low-density lipoprotein cholesterol.

a lower ISH prevalence rate than those male aged 18-29 years old were the independent determinants of ISH in both younger and
(1.94% vs. 2.48%).%° In the present study, we also found a J-shaped older groups. Therefore, we speculate that central PP/central hy-
relationship between age and ISH prevalence, and between age and pertension and central obesity may contribute to the J-shaped as-

central PP. Moreover, we found that central PP and central obesity sociation between age and ISH. Furthermore, the finding that the
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prevalence of ISH was high in the age range 20-30 years and low
in the age range 35-45 years also supports the finding from the
ENIGMA study that ISH is the dominant hypertension subtype in
the young adults.*

Although arterial stiffness and wave reflection phenomenon
are major determinants of central blood pressure and both are
heart rate dependent,16 heart rate was not associated with ISH in
prior studies.}%121426.32 For example, the ENIGANA study showed
that ISH had almost the same levels of heart rate with NT (69 vs.
68 beats/min).!! In the present study, heart rate was not signifi-
cantly different between ISH and NT and heart rate was not an in-
dependent determinant of ISH in either group of younger or older

subjects.

4.3 | Clinical characteristics of ISH in the
young and middle-aged adults

The 1999-2004 NHANES reported that obesity (body mass
index 230 kg/mz), male sex, education level less than high school,
and current smoking were characteristics independently associ-
ated with higher odds of ISH among young- and middle-aged
adults.?® The prevalence of obesity in the young- and middle-aged
Americans with ISH was about 40%.2% In the HELIUS study, sub-
jects with ISH had the greatest height, were younger, had a lower
body mass index and cholesterol than those with SDH or IDH,
while they were comparable in age, body mass index, and cho-
lesterol with subjects having high-normal blood pressure.12 In the
male Japanese workers and University students, the ISH partici-
pants had greater body mass index and waist circumference than
participants with optimal blood pressure.? In the ENIGMA study
ISH subjects were taller, heavier, had a greater body mass index,
and were more likely to be male, when compared with normoten-
sive subjects.!

In the present study, high prevalence rates of central obesity and
general obesity were found in both the younger (80.95%, 71.43%,
respectively) and older (63.96%, 27.03%, respectively) adults with
ISH. Previous studies have indicated that central obesity may be
more important than general obesity in causing ISH. In 1031 adult
individuals without manifest cardiovascular disease randomly se-
lected from population, central obesity parameters were more
closely associated with aortic stiffness than body mass index.%®
Furthermore, the Whitehall Il cohort with 16-year follow-up con-
cluded that central obesity was a strong predictor of aortic pulse
wave velocity 16 years later in both sexes, even after adjustment for
body mass index.3* Even among normal weight individuals without
manifest cardiovascular disease (n = 136), only central fat distribu-
tion was significantly associated with higher carotid-femoral pulse
wave velocity after adjustment for age and mean blood pressure.®®
Our results strongly support the role of central obesity in the patho-
genesis of ISH in the young- and middle-aged adults. Our study also
reconfirms that male sex is a determinant of ISH in the young- and

middle-aged adults.!1225:26

4.4 | ISH and central blood pressure

Current evidence suggests two main phenotypes of ISH in the
young, one is spurious systolic hypertension, and the other is ISH
with increased cardiovascular risk. Young subjects with spurious
systolic hypertension are characterized with normal arterial stiff-
ness** and normal central blood pressure.’® In contrast, young sub-
jects with ISH and increased cardiovascular risk are characterized

11,12

with increased arterial stiffness and increased central blood

pressure 111214

In the present study, young- and middle-aged adults with ISH
had central hypertension and higher central PP. In the HELIUS study,
central SBP in subjects with ISH was higher when compared with
subjects with high-normal blood pressure but was lower than that
of IDH and SDH.*? In the male Japanese workers and University stu-
dents, central SBP in subjects with ISH was higher when compared
with subjects with high-normal blood pressure but was lower than
that of SDH, but central PP in ISH was higher than that of high-nor-
mal blood pressure, IDH and SDH.? In the ENIGMA study, subjects
with ISH had significantly higher peripheral and central SBP, DBP,
and PP when compared with normotensive subjects.11 Compared
with subjects with IDH/SDH, peripheral and central PP were higher
in ISH individuals.?* Thus, a higher central PP but not central SBP ap-
pears to be a consistent finding in the young- and middle-aged adults
with ISH, irrespective of ethnicity. The ENIGMA study suggested
that ISH in the youth appears to result from an increased stroke vol-
ume and/or aortic stiffness, whereas the major hemodynamic ab-
normality underlying IDH/SDH is an increased peripheral vascular
resistance.!! Therefore, the consistent finding of a high central PP is
likely due to an increased stroke volume and/or aortic stiffness and
does not support the role of exaggerated pulse pressure amplifica-
tion in the young ISH.13%6

Prevalence of spurious hypertension was 0% in the younger
adults in the present study. In contrast, the Atherosclerosis Risk
in Young Adults study reported that prevalence rates of spuri-
ous hypertension were 16.1% for men and 8% for women.** The
Atherosclerosis Risk in Young Adults study used the SphygmoCor
(type | central blood pressure device) to measure central blood pres-
sure and spurious hypertension was defined as ISH with low central
SBP (median 124 mmHg for men and 120 mmHg for women).** Our
study used Microlife central blood pressure monitor (type Il central
blood pressure device) to measure central blood pressure.®” Type |
central blood pressure devices could underestimate the true cen-
tral SBP.%” The use of different central blood pressure measurement
devices apparently may affect the estimation of the prevalence of
spurious hypertension.

Recent studies have found that ISH in the young- and middle-aged
adults had significantly higher future cardiovascular risk.>*¢%" The
Chicago Heart Association Detection Project in Industry study re-
vealed that younger- and middle-aged adults (aged 18-49 years,
during 31-year average follow-up period) with ISH had higher rel-
ative risk for cardiovascular disease and coronary heart disease
mortality than those with optimal-normal blood pressure.’ Recently,
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from a nationwide health screening database of 6 424 090 partici-
pants (aged 20-39 years, with a median follow-up of 13.2 years) who
were not taking antihypertensive medications, stage 1 ISH, IDH, and
SDH were all associated with higher CVD risks than normal blood
pressure.® Furthermore, a sample with 4776 adults aged between
30 and 49 years from the NIPPON DATAS80 (1980-2009) with 29-
year follow-up revealed that ISH was independently associated with
higher risk of cardiovascular disease mortality later in life.?? We have
shown that central hypertension is associated with increased car-
diovascular risks.?? Since central hypertension was detected in all
ISH subjects in the present study, irrespective of age, our results
may also support that ISH in the young- and middle-aged adults is

not benign.

4.5 | Strengths and limitations
There are several limitations in the present study. First, some cardio-
vascular hemodynamic parameters, such as stroke volume and ca-
rotid-formal pulse wave velocity, were not available in the National
Nutrition and Health Survey. Second, we measured the central SBP
and central PP using a type Il central blood pressure monitor.%’
Therefore, our central blood pressure results may not be comparable
to those measured using a type | device.}*2632

The major strength of the present study is that the study popu-
lation was derived from a nationally representative sample of ethnic

Chinese.

5 | CONCLUSIONS

In a nationally representative population without taking antihyper-
tensive medications, ISH was the dominant hypertension subtype.
Subjects with ISH were characterized by the presence of central hy-
pertension, a higher central PP, and central obesity, irrespective of
age. Our findings support that ISH in the young- and middle-aged
adults is not benign and future studies are required to develop effec-

tive management strategies.
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