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Abstract

Background: Isolated systolic hypertension (ISH) of the young has been associated with both normal and increased
cardiovascular risk, which has been attributed to differences in central systolic blood pressure and arterial stiffness.
Methods: We assessed the prevalence of ISH of the young and compared differences in central systolic blood pressure
and arterial stiffness between ISH and other hypertensive phenotypes in a multi-ethnic population of 3744 subjects (44%
men), aged <40 years, participating in the HELIUS study.

Results: The overall prevalence of ISH was 2.7% (5.2% in men and 1.0% in women) with the highest prevalence in
individuals of African descent. Subjects with ISH had lower central systolic blood pressure and pulse wave velocity
compared with those with isolated diastolic or systolic-diastolic hypertension, resembling central systolic blood pressure
and pulse wave velocity values observed in subjects with high-normal blood pressure. In addition, they had a lower
augmentation index and larger stroke volume compared with all other hypertensive phenotypes. In subjects with ISH,
increased systolic blood pressure amplification was associated with male gender, Dutch origin, lower age, taller stature,
lower augmentation index and larger stroke volume.

Conclusion: ISH of the young is a heterogeneous condition with average central systolic blood pressure values com-
parable to individuals with high-normal blood pressure. On an individual level ISH was associated with both normal and
raised central systolic blood pressure. In subjects with ISH of the young, measurement of central systolic blood pressure
may aid in discriminating high from low cardiovascular risk.
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but normal central systolic BP,*® or results from

increased arterial stiffness and larger stroke volume
Isolated systolic hypertension (ISH), defined as systolic that may evolve into sustained hypertension is
blood pressure (BP) >140mmHg and diastolic BP
<90mmHg, is the most common hypertensive pheno-
type above 50 years of age.! Although ISH is less
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debated.”® In line, it is still unclear whether BP low-
ering therapy would benefit individuals with ISH of the
young.'®"" The Chicago Heart Association study
showed that ISH in young and middle-aged subjects
was associated with an increased risk of cardiovascular
disease (CVD) and mortality compared with optimal
BP during a 31-year follow-up, but with a large differ-
ence between men and women.'? Young and middle-
aged women with ISH had a higher risk of CVD than
men, who had a similar risk compared with subjects
with high-normal BP. It is conceivable that these
gender disparities may be attributable to differences
in central systolic BP, which is a potentially better
predictor for CVD than brachial BP."* In addition,
age-dependent differences in pulse pressure amplifica-
tion likely contribute to CVD risk.*'* This is supported
by data from the Framingham Heart Study showing
that, in contrast to the elderly, pulse pressure is not
associated with coronary events below age 50" and is
inversely related to coronary disease in men aged <40
years.'® This probably results from increased systolic
pressure amplification in the setting of low central
systolic BP.!” Finally, while ethnic differences in CVD
are well recognized,'® ?° data regarding differences in
hypertensive phenotypes, including ISH, in young to
middle-aged subjects from different ethnic groups are
lacking. We previously identified substantial ethnic
differences in BP and central haemodynamics.>'-*?
This may also affect the prevalence of hypertension
and ISH of the young in particular.

In the present study we compared differences in the
prevalence of ISH and other hypertensive phenotypes
and explored its association with central BP, arterial
stiffness and stroke volume among subjects aged <40
years in a multi-ethnic population.

Methods
Study population

This study was performed using baseline data of the
HEalthy LIfe in an Urban Setting (HELIUS) study.
HELIUS is a large-scale, multi-ethnic prospective
cohort study that focuses on public health among six
major ecthnic groups residing in Amsterdam, The
Netherlands. In HELIUS, participants are sampled
randomly from municipal records, stratified by ethni-
city. Details of the HELIUS study have been previously
described.”*** HELIUS is conducted in accordance
with the Declaration of Helsinki and has been
approved by the Ethical Review Board of the
Academic Medical Centre, Amsterdam. All partici-
pants gave written informed consent. We used baseline
data that were collected between January 2011 and
November 2015, of 5400 subjects aged <40 years

(40% men, mean age 29 &+ 6 years). Subjects who were
on antihypertensive therapy (n=93) were excluded,
leaving 5307 subjects. Of these, a total of 3744 partici-
pants successfully completed all haemodynamic assess-
ments, consisting of 793 Dutch, 433 South-Asian
Surinamese, 538 African Surinamese, 755 Turkish,
857 Moroccan and 368 Ghanaian origin participants.
Missing data were primarily due to logistic reasons, or
inability to obtain valid readings.

Study procedures

Study participants visited the research location in the
morning after an overnight fast and refrained from
smoking in the morning prior to the visit.
Information regarding demographics, smoking beha-
viour and history of disecase was obtained by question-
naire. Participants were asked to bring their prescribed
medications to the physical examination, and these
were coded according to the Anatomical Therapeutic
Chemical classification. Blood pressure was calculated
as the average of two seated brachial BP readings, after
Smin of rest, using a semi-automated, validated sphyg-
momanometer (Microlife WatchBP Home, Microlife
AG, Switzerland). Blood samples were taken while fast-
ing. Diabetes was defined as a fasting glucose level
>7.0 mmol/l, or the use of glucose lowering medication.

Blood pressure stratification. All subjects were stratified
into exclusive blood pressure categories according to
their seated brachial BP values. We defined optimal
BP as <130/<85mmHg, high-normal BP as 130-140/
85-90mmHg, ISH as >140/<90 mmHg, isolated dia-
stolic hypertension as <140/>90 mmHg and combined
systolic and diastolic hypertension as >140/>90 mmHg.

Central blood pressure and augmentation index. The
Arteriograph system (Tensiomed Kft., Budapest,
Hungary) was used to assess central BP, pulse wave vel-
ocity (PWV) and augmentation index (AIx) in supine
position after at least 10 min of rest. The Arteriograph
system is an operator-independent, non-invasive device
that applies an oscillometric, occlusive technique by use
of an upper-arm cuff to register brachial pressure curves.
PWYV is calculated from the return time of reflected pres-
sure waves and the manually measured jugulo-symphisic
distance. Its methodology and validation are described
in detail elsewhere.? 27 Arteriograph has a close correl-
ation with the widely applied SphygmoCor system
(AtCor Medical Pty Ltd, West Ryde, Australia) for
Alx (r=0.89, p <0.001),”” and a close correlation with
invasively measured Alx (r=0.90, p < 0.001), central BP
(r=0.95, p<0.001) and PWV (r=0.91, p<0.001).*
Arteriograph PWYV values are also comparable
to values obtained by magnetic resonance imaging.*®
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Alx was additionally standardized to 75 beats/min

(AIx@hr75).%

performed in duplicate and the results were averaged
for further analysis.

Haemodynamics.

volume-clamp

Nexfin™ device®® (Edwards Lifesciences BMEYE,
Amsterdam, The Netherlands). This device uses the
method?!3*
invasively record finger arterial BP and reconstruct bra-
chial BP.**3> Finapres recordings were made at 200 Hz
with a finger-cuff placed around the mid-phalanx of
the third finger, with subjects in a supine position.
Mean arterial pressure was the true integral of the arter-
ial pressure wave of one beat divided by the correspond-
ing inter-beat interval. Stroke volume was determined

Finapres

by the pulse

All Arteriograph measurements were Statistical analyses

Statistical analyses were performed using SPSS
(Version 20.0, IBM Corp., Armonk, NY, USA).
Baseline differences between different hypertensive
phenotypes were compared using chi-square for cat-
egorical variables and analysis of variance for continu-
ous variables. Pair-wise comparisons were performed
according to least-significant difference. To further
study differences in central and brachial BP in subjects
with ISH, we performed linear regression analyses, stra-
tified by gender groups and subdivided subjects with
ISH into tertiles of systolic blood pressure amplification
(i.e. difference between central and brachial systolic
BP). Spline interpolation was used to depict age-related
changes in central and brachial BP by BP category. We
considered a two-sided p-value <0.05 to indicate stat-
istical significance.

assessed by
using  the

Haemodynamics were
photoplethysmography

to continuously and non-

contour method (Nexfin CO-trek).*¢

Cardiac output was stroke volume divided by the

inter-beat
was the ratio

output. All Nexfin haemodynamic parameters were cal-
culated from the average of a 1-min period of stable

interval.
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The overall prevalence of ISH was 2.7%, with a five-
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Figure 1. Prevalence of different hypertensive phenotypes in men (left panel) and women (right panel) aged <40 years, by ethnic

group.
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different hypertensive phenotypes by gender and ethni-
city. The prevalence of any form of hypertension was
significantly higher in subjects of African Surinamese
(11.8%) and Ghanaian (15.3%) origin compared with
all other ethnic groups, who had an overall prevalence
of 6.8%. The highest prevalence of ISH was observed in
subjects of African descent, with a prevalence of 8.6%
in Ghanaian and 7.0% in African Surinamese men,
while the prevalence of ISH in women was highest in
Ghanaian women (2.7%).

Baseline characteristics of study subjects by hyper-
tensive category are depicted in Table 1. Subjects with
ISH had the greatest height, were younger, had a lower
body mass index (BMI) and cholesterol than those with
combined hypertension or diastolic hypertension, while
they were comparable in age, BMI and cholesterol with
subjects having high-normal BP. Diabetes was more
prevalent in any of the hypertensive phenotypes, com-
pared with subjects with high-normal or optimal BP.

Central systolic BP was lower in subjects with ISH
(119.6 £ 13.1mmHg) than in subjects with diastolic
hypertension (126.0 + 11.8 mmHg) or combined hyper-
tension (144.9 + 18.5mmHg, all p < 0.05). Systolic pres-
sure amplification was largest in subjects with ISH
(11.9+7.0mmHg) compared with those with diastolic
hypertension (5.3 +7.0 mmHg) or combined hyperten-
sion (5.3+7.0mmHg), as well as compared with sub-
jects with optimal BP (9.2 + 5.5 mmHg) or high-normal
BP (9.8 £6.5mmHg). Figure 2 shows central systolic
BP and brachial systolic BP depicted by age for the
various hypertensive phenotypes. Systolic BP amplifi-
cation decreased with age in all hypertensive pheno-
types. Systolic blood pressure amplification was

largest in subjects with ISH and high-normal BP,
while individuals with diastolic and combined hyper-
tension had the lowest systolic blood pressure amplifi-
cation. Table 2 shows the haemodynamic variables by
hypertensive phenotype. Subjects with ISH had signifi-
cantly lower AIx, AlIx@hr75, and larger stroke volume
compared with all other categories, while systemic vas-
cular resistance was significantly lower in subjects with
ISH compared with those with diastolic and combined
hypertension, high-normal or optimal BP. Subjects
with ISH had a similar PWV compared with subjects
with high-normal BP. PWV was lower in subjects with
optimal BP and higher in those with diastolic or com-
bined hypertension compared with ISH.

Table 3 shows a stratified analysis according to ter-
tiles of systolic BP amplification in subjects with ISH.
Subjects in the lowest tertile of systolic BP amplification
were more often female and of Ghanaian descent, while
subjects from the upper tertile of systolic BP amplifica-
tion were younger, taller, had a larger stroke volume
and were more frequently of Dutch and Moroccan des-
cent. Stratification of participants with ISH by gender
is provided in the Supplementary Material online.

Discussion

We observed a high prevalence of ISH among men of
different ethnic backgrounds. The prevalence of ISH in
males was two-fold higher compared with previous
data from NHANES, while the prevalence among
females was similar.> African descent populations
had the highest prevalence of ISH and also had
a much higher prevalence in diastolic or combined

Table 1. Baseline characteristics according to hypertensive phenotype.

Isolated diastolic Combined

Optimal BP High-normal BP ISH hypertension hypertension p
n= 2901 500 109 85 149
Men, % 38 72 83 58 60
Age, years 28.7+6.1 30.245.8° 29.8+6.5° 32.6 45270 33.8+4.8"¢ <0.001
Systolic BP. mmHg 1143+88 132.6 +4.2° 145.1 +5.8*° 132.8+4.7%¢ 153.7£12.0*>°  <0.001
Diastolic BP, mmHg 70.8 + 6.65 81.7+5.5° 81.6+59° 92.6 £2.12b¢ 99.1 £+ 7.5%>< <0.001
Height, cm 169+ 10 174+ 10 177 + 10*® 172 + 10*b< 172 + 10*0< <0.001
BMI, kg/m? 244+ 4. 272 +4.6° 27.7 £5.1*° 28.6 +6.0° 30.3 £5.72b¢ <0.001
Smoking, % 27 27 27 35 23 NS
Diabetes, % 0.6 1.2 2.8%° 3.5%0 5.4%b <0.001
Cholesterol, mmol/l 44+09 47+0.9* 47+09* 49+1.0 5.04+0.9%P¢ <0.001

Systolic and diastolic BP are the average two consecutive, seated measurements.

?p < 0.05 pairwise comparison versus optimal BP.
®p < 0.05 pairwise comparison versus high-normal BP.
“p < 0.05 pairwise comparison versus ISH.

BP: blood pressure; ISH: isolated systolic hypertension; BMI: body mass index.
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Figure 2. Central and brachial SBP, by age of

the hypertensive phenotypes.

ISH: isolated systolic hypertension; IDH: isolated diastolic hypertension; SDH: combined systolic and diastolic hypertension; BP: blood

pressure; SBP: systolic BP

Table 2. Haemodynamics according to hypert

ensive phenotype.

Isolated diastolic Combined

Optimal BP  High-normal BP  ISH hypertension hypertension p
Brachial systolic BP, mmHg 1139495  1266+9.3° 131.6+11.2*° 131.4+103%° 147.6 + 14.4*P<
Central systolic BP, mmHg 1047497 1167+104 119.6+13.1>° 1260+ 11.8*>° 1449+ 185"
Systolic BP amplification, mmHg ~ 9.245.5 9.8+6.5 11.9+£7.0° 53470 5.3+7.0%°¢
Sup. DBP, mmHg 68.1 £7.4 76.6+7.5° 77.0+£82° 84.9 4+ 7.33b¢ 94.8+ 10.1*°< Al
Heart rate, beats/min 61286 61.8+£10.0 60.3 8.1 69.0 £9.9%b< 67.3+£10.0*>¢  <0.001
PWV, m/s 6.5+0.9 69+ 1.0° 7.0+1.3 7.7+ 1.73¢ 8.5+ 1.820¢
Alx, % 1624103 164119 136+ 11.9%° 2424 3.2%0¢ 30.5 + 15.82P¢
Alx@hr75, % 103+10.1 [1.0+11.9 80+ 11.8° 2174118 27.2 4 14.9%5<
Stroke volume, ml 99+ I8 108 + 182 134 15*° 99 + | 5°< 103 & 19*P€
SVR, dyne/s per cm® 1213+£360  1173£319* 11624280 1255 + 367°¢ 1322 + 416*>¢

Measurements performed in supine position. Systolic BP amplification = brachial — central systolic BP.
BP: blood pressure; ISH: isolated systolic hypertension; Sup.: supine; DBP: diastolic BP; PWV: pulse wave velocity; Alx: augmentation index; Alx@hr75:

Alx standardized to 75 beats/min; SVR: systemic vascular resistance

p < 0.05 pairwise comparison versus optimal BP.

®p < 0.05 pairwise comparison versus high-normal BP.

“p < 0.05 pairwise comparison versus ISH.
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Table 3. ISH tertiles of systolic blood pressure amplification.

Lower tertile Middle tertile Upper tertile p
Men (n=90) 23.4% 35.6% 40.0%
Women (n=19) 78.3% 17.4% 4.3%
Dutch (n=18) 28% 22% 50%
South-Asian Sur. (n=12) 22% 67% 1%
African Sur. (n=19) 26% 37% 37%
Ghanaian (n=18) 61% 22% 17%
Moroccan (n=24) 28% 28% 44%
Turkish (n=18) 29% 42% 29%
Age, years 325+5.8 29.1 £ 6.4 27.2+62*° 0.002
Height, cm 172+ 10 178 +8* 182 +7% <0.001
BMI, kg/m? 274+52 27.0+£4.9 28.0+4.9 NS
Central systolic BF, mmHg 123.7+17.1 16.6£10.67 116.3+9.17 0.026
Brachial systolic BF, mmHg 128.7+£13.8 129.7£10.5 134.4+9.5° NS
Systolic pressure amplification, mmHg 49+6.5 13.1+1.2° 18.1 £2.1*° <0.001
Diastolic BP, mmHg 784 +9.1 75.8+8.5 752467 NS
Heart rate, beats/min 58.7+85 584 +6.5 62.61+8.8* NS
PWYV, m/s 73+1.7 6.4+£0.6" 72+£13° 0.004
Alx, % 247+ 114 11.6+37° 3.6 +3.9*° <0.001
Stroke volume, ml 108+ 19 116 +13* 7 £12* 0.026
SVR, dynels per cm® 1258 £319 1136 £227* 1058 +£210° 0.006
Smoking 30% 27% 23% NS
Diabeteses 2.3% 4.6% 2.3% NS
Total cholesterol 49+0.9 4.6+0.9 4.6+0.38 NS

ISH: isolated systolic hypertension; Sur.: Surinamese; BMI: body mass index; BP: blood pressure; PWYV: pulse wave velocity, Alx:

augmentation index; SVR: systemic vascular resistance
?p < 0.05 pairwise comparison versus lower tertile.
®h < 0.05 pairwise comparison versus middle tertile.

hypertension compared with all the other ethnic
groups. However, in contrast to individuals of Dutch
and Moroccan descent they had a higher systolic
central BP and AlIx, which is consistent with previous
publications that reported a higher AIx among African
descent populations.®” In subjects with ISH, increased
systolic BP amplification was associated with male
gender, Dutch origin, lower age, taller stature, lower
Alx and larger stroke volume. In addition, women
with ISH had a higher central systolic BP and Alx
compared with men. Therefore, ISH of the young is a
heterogeneous condition not only because of its varying
prevalence among males and females of different ethnic
groups, but also because it is associated with both
normal and increased central systolic BP. This may
have important implications for cardiovascular risk.
Evidence suggests that central BP is a stronger pre-
dictor for future CVD than brachial BP,'? and indices
of wave reflection, such as Alx, have been associated
with CVD independently of BP in various popula-
tions.*®* In the Chicago Heart Association study an

increased risk of CVD mortality was observed in young
and middle-aged subjects with ISH compared with
those with optimal BP.'? Interestingly, the relative
risk of CVD associated with ISH was considerably
higher in women than in men. The higher central sys-
tolic BP in women with ISH of the young as observed in
our study provides a potential explanation for the
gender difference in cardiovascular risk. In contrast,
men with ISH had a comparable central systolic BP
compared with individuals with high-normal BP and
had similar PWYV and cardiovascular risk, which is in
line with the comparable CVD risk among men with
ISH and high-normal BP in the Chicago Heart
Association study.'? Given the association of central
haemodynamics with CVD risk and the heterogeneity
among subjects with ISH of the young, central haemo-
dynamic assessments may potentially aid in differentiat-
ing ISH of the young with high from low CVD risk.
ISH at older age is a consequence of arterial stiffen-
ing, which leads to a steady rise in systolic BP as a
result of changes in arterial wave reflection and
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increased systolic pressure augmentation, whereas dia-
stolic BP falls because of loss of Windkessel-function
and increased diastolic runoff. ISH is associated with a
two- to four-fold increased risk of cardiovascular
events, renal dysfunction and mortality in elderly sub-
jects.*%*! In contrast, ISH of the young has been related
to both an innocuous phenomenon caused by increased
pulse pressure amplification (spurious hypertension)
and a potentially harmful condition associated with
increased arterial stiffness.'®'" Evidence for a ‘spurious’
condition is provided by observations that young, tall,
fit men have exaggerated amplification of the central
pressure wave and that this is accompanied by much
lower central systolic BP and low CVD risk,*® while
others have advocated that ISH in the young results
from increased arterial stiffness and larger stroke
volume which is more likely to transform into sustained
hypertension and is accompanied by raised central sys-
tolic BP and increased CVD risk.”” In the present
study, most subjects with ISH had low central systolic
BP values and a large difference between peripheral and
central systolic BP. Individuals with the lowest central
systolic BP values and largest pulse pressure amplifica-
tion were younger, almost exclusively men, more fre-
quently Dutch, taller and had a larger stroke volume,
while Alx and PWYV were lower. This suggests that in
young males, ISH is a spurious condition that is asso-
ciated with low central systolic BP. In contrast, individ-
uals with ISH and higher central systolic BP and lower
systolic blood pressure amplification were older, more
frequently female and of Ghanaian descent and had a
higher Alx and PWYV, thereby resembling ISH of older
age. While we identified different phenotypes of ISH of
the young, the nature of differences in systolic BP and
amplification are incompletely understood. Potentially,
genetic factors play a role as genetic variations asso-
ciated with raised systolic BP in adulthood also predict
systolic BP levels in children.** Based on pathophysio-
logical differences that are associated with either low or
high central systolic BP, ISH of the young is likely
associated with both low CVD risk and ‘true’ ISH
with raised CVD risk. Estimation of central systolic
BP may offer the potential to discriminate subjects
with ISH who have low central BP and CVD risk
from those who have high central blood pressure and
increased risk of CVD.

Strengths and limitations

The most important strengths of this study include
the multi-ethnic nature of the studied population.
The diversity of our study population, including differ-
ences in its physiological characteristics, increases the
generalizability of the study results and contributes to
better understanding of the physiological differences

in ISH of the young. Limitations include the cross-
sectional design and the use of non-invasive measure-
ments that have been validated in predominantly
European populations. However, we assume that their
physiological principles are generalizable to other
ethnic groups. For obvious reasons invasive measure-
ment techniques are not suitable in HELIUS. In add-
ition, while relative differences are likely accurate, the
extrapolation of absolute values should be done with
caution. To classify the hypertensive phenotypes we
used seated brachial BP readings, while the haemo-
dynamics investigations were performed in supine pos-
ition. However, as seated brachial BP readings are used
for diagnosis and treatment decisions in daily practice,
we consider this discrepancy to be justified.

Perspectives

We identified substantial heterogeneity within a popu-
lation of subjects with ISH of the young, showing
both a favourable and potentially detrimental
haemodynamic profile. The assessment of central
haemodynamics may prove valuable to distinguish
benign from harmful ISH in young subjects, particu-
larly in men, yet prospective studies that include such
investigations are required. Within HELIUS, subjects
will return for long term follow-up. This could yield
valuable information regarding the course of central
haemodynamics in subjects with ISH.
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