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Central blood pressure is an independent predictor of future
hypertension in young to middle-aged stage 1 hypertensives
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Abstract

Aim. The aim of the present study was to evaluate the association of central blood pressure (BP) with organ damage and
risk of future hypertension in a cohort of young to middle-aged patients. Methods. We studied 305 subjects screened for
stage 1 hypertension to determine which subjects developed hypertension needing therapy according to current guidelines.
Central BP was obtained from radial artery tonometry. Organ damage was the presence of left ventricular hypertrophy
and/or microalbuminuria. Results. In a multiple logistic regression including ambulatory 24-h BP, central mean BP
was associated with presence of end-organ damage (p = 0.003). In the subjects divided according to whether their central
mean BP was above or below the median, subjects with high central mean BP presented an earlier impairment of arterial
distensibility and developed sustained hypertension more frequently compared with those with low central mean BP
(»<<0.001). In logistic analyses, central mean BP was an independent predictor of future hypertension (»<0.001) and
remained associated with outcome when 24-h BP was included in the same model (p =0.006). Conclusions. In young
to middle-aged subjects in the early stage of hypertension, central mean BP is a useful adjunct to brachial BPs to better
define the individual risk profile.
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Introduction

The predictive capacity of blood pressure (BP) mea-
surement with standard sphygmomanometry for
cardiovascular (CV) morbidity and mortality is well
established. However, BP determined at a given site
of the arterial tree may not be representative of
the BP values at other sites (1); brachial systolic BP
and pulse pressure (PP) are greater than their cor-
responding aortic values, due to the phenomenon
known as pressure amplification (1). The variability
of the brachial-central systolic BP difference can be
very wide among patients with similar brachial BP,
ranging from 2 to 33 mmHg (2). It was also demon-
strated that the same antihypertensive drugs have dif-
ferential effects on brachial and central BP (3,4). In
the last few decades, several authors examined the
role of central BP values as predictors of target organ
damage (TOD) and it was shown that central values

were stronger determinants of vascular hypertrophy
(5,6), left ventricular hypertrophy (LVH) (6,7)
and glomerular filtration rate (6) than brachial BP
values. Central BP has also been found to be a better
predictor of CV events (6,8,9) and kidney disease
(10), than brachial measurements (8,9). However, in
a recent meta-analysis of five studies, central PP was
associated with a marginally higher relative risk of
clinical events than brachial PP (11). In all the above
studies, central BP was compared with brachial BP
measured in the office and only few studies compared
central BP with ambulatory 24-h BP. Ambulatory BP
is a better predictor of CV disease than clinic BP
and showed a good correlation with central hemody-
namics (12). However, the predictive value of 24-h
BP vs central BP has been tested longitudinally
in only one study of older adults and no such com-
parison has been performed in young individuals.
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The aim of the present study was to investigate
the role of central BP as predictor of future hyper-
tension in a cohort of young to middle-aged subjects
from the HARVEST study who underwent ambula-
tory BP monitoring and central BP assessment.
Another purpose was to evaluate the association of
the two pressures with the presence of TOD.

Methods

The study participants took part in the HARVEST
(Hypertension and Ambulatory Recording VEnetia
STudy), a long-term prospective observational
study, initiated in April 1990. Patients’ recruitment
was obtained with the collaboration of the local
general practitioners who were instructed during
local meetings. Young to middle-aged (18-45 years
old) subjects, screened for stage I hypertension,
who had never been treated for hypertension, were
enrolled. Those with diabetes, renal impairment,
cardiac diseases or secondary form of hypertension,
were excluded. Secondary forms of hypertension
were excluded on the basis of a complete history
and physical examination and by routine diagnostic
procedures. These included serum potassium,
urinalysis, plasma renin activity, plasma and urinary
aldosterone, and urinary catecholamines. To exclude
the presence of renovascular disease further, all
patients underwent a Doppler examination of the
renal arteries or renal scintigraphy. The baseline data
included medical and family history, a questionnaire
of current use of coffee, alcoholic beverages, smoking
status and physical activity habits (13—15). All sub-
jects underwent physical examination, anthropome-
try and routine blood chemistry. Brachial office BP
at entry was the mean of six measurements obtained
with a mercury sphygmomanometer, during two vis-
its, performed 2 weeks apart. At the enrolment,
patients also underwent 24-h BP monitoring, using
the A&D TM2420 model 7 (A&D, Tokyo, Japan) or
ICR Spacelabs 90207 monitor (Spacelabs, Red-
mond, WA) devices. Both of these devices were pre-
viously validated (16,17) and were shown to provide
comparable results (18). Baseline TOD was evalu-
ated with echocardiography and 24-h urine collec-
tion according to the previously published procedures
(13-15,19). Left ventricular mass (LVM) was calcu-
lated according to the Devereux formula (20) and
was normalized to body surface area. LVH was
defined as a LVM index =125 g/m? for men and
=110 g/m? for women (21). Microalbuminuria (MA)
was detected from 24-h urine collections and was
defined as an albumin excretion rate (AER)=30
mg/24-h (22). TOD was defined as the presence of
LVH and/or MA.

Follow-up visits were scheduled at 1, 2, 3 and
6 months and thereafter at 6-month intervals. During
the initial period of observation, subjects were given
general information about non-pharmacological

measures by the HARVEST investigators, following
the suggestions of current guidelines on the manage-
ment of hypertensive patients. To ensure homogeneous
counseling by doctors participating in the study,
training in current international guidelines was
provided to them throughout the study duration. If
after at least 6 months of implementation of
non-pharmacological measures, the participant’s BP
was above the “operational threshold level”, the
patient was rescheduled for a visit within 2—4 weeks
and the average BP was calculated. If BP was
still above the limit, the patient reached the “end-
point” and was given antihypertensive drug treat-
ment; otherwise he or she was checked at monthly
intervals. The BP “operational threshold level” was
established on the basis of the criteria adopted
by international guidelines at the time of patients’
evaluation. Thus, we followed the recommendations
of the 1999 WHO/ISH guidelines (23), and the
2003 and 2007 ESC/ESH guidelines (21,24). The
median follow-up, for the present study, was 9 years.
Other details on follow-up procedures in the
HARVEST were reported elsewhere (13-15).

Central blood pressure assessment

Four HARVEST centers agreed to participate in
the arterial elasticity study. Arterial elasticity assess-
ment was performed in 354 subjects, on average
6.8 years after enrolment (interquartile range:
2.8-9.9 years). Forty-nine subjects with unsatisfac-
tory (n=10) or incomplete assessment (z = 39) were
excluded leaving 305 subjects for analysis. Central
BP was assessed from brachial pressure waveform,
recorded at the radial artery with applanation tonom-
etry. We used the DAT System (SN1002-960604-
12, Specaway, Sydney, Australia), connected to the
Millar tonometry (SPC-301; Millar Instruments,
Huston, Texas, USA). After acquiring 30 sequential
waveforms at the radial artery, a software system,
which incorporated a validated transfer function,
was used to generate an average peripheral and
corresponding ascending aortic pressure-waveform
(25). From the radial pulse wave analysis, using
a generalized transfer function, derived from the
invasive measurements, we obtained central BP
values (25-28). The device also returned the radial
augmentation index (AIx) as the ratio of the differ-
ence between the pressure at the second systolic
shoulder and diastolic BP to that between diastolic
BP and pressure at the first inflection point: Alx =
100 X (P,—DBP)/(P,—DBP) (29). Pulse wave velo-
city (PWYV) was determined by simultaneous appla-
nation tonometry and electrocardiography recording
and calculated as the ratio of the distance between
the two recording sites (radial and carotid artery)
and the time of travel of pulse wave over this distance
(26). Aortic (central) systolic and diastolic BPs
were respectively the maximum and the minimum
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pressure of the aortic waveform, aortic mean BP was
calculated according to the following formula:

where MP is mean pressure (mmHg); %, sum; T,
end of the waveform (ms); To, start of the waveform
(ms); Pi, pressure points; and »n=numbers of
pressure points.

Vascular elasticity was measured by arterial pulse
waveform analysis using an HDI/Pulse Wave™
CR2000 (Hypertension Diagnostics, Inc, Eagan,
NY) (30). This technique involves 30-s recording of
radial artery waveforms by applanation tonometry.
The tonometry unit contained an array of pressure
transducers capable of measuring the relative intra-
arterial pulse-amplitude with high accuracy. The
tonometer was centered over the radial artery obtain-
ing the optimal waveform by pneumatic stabilization.
Brachial BP was measured oscillometrically in the
opposite arm. A beat-marking algorithm determined
the beginning of the systole, peak systole, onset
of diastole and end-diastole for each beat during
the measurement period. To obtain arterial compli-
ance, a model was used that divides the total sys-
temic arterial compliance into large artery (or
capacitative, C1) and small artery (or oscillatory, C2)
compliance (30). All data were collected from
untreated patients.

Staristical methods

PP was calculated as the difference between systolic
BP and diastolic BP, brachial office mean BP and
24-h mean BP were calculated as diastolic BP + 1/3
PP. Data are presented as mean * standard deviation
(SD) unless specified. Differences between means
were assessed by two-tailed Student’s r-test for
unpaired observations and by one-way analysis of
variance (ANOVA), adjusting for age and sex.
To avoid the occurrence of spuriously significant
results, the Bonferroni adjustment was used. Logistic
regression models for a binary outcome, unadjusted
and adjusted for age, sex, body mass index (BMI),
lifestyle factors, parental hypertension, time to
reach the end-point and brachial heart rate (HR),
were used to define the relationship between baseline
TOD or development of hypertension and the
different pressures, and the related odds ratios (OR)
were provided. As central mean BP was the best
predictor of future hypertension (p<<0.001) com-
pared with systolic BP (p=0.01) or diastolic BP
(p=0.04), central mean BP was used in all com-
parative analyses with office BP and 24-h BP.
Patients were defined as having high or low
central BP according to whether their central mean
BP was above or below, respectively, the median in
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the group (103.0 mmHg). In addition, subjects were
divided into mean BP tertiles of brachial office
BP, 24-h BP and central pressures. A two-tailed
probability value <0.05 was considered significant.
All analyses were performed using Systat versions 10
and 11 (SPAA Inc., Evanston, IL, USA).

Ethical considerations

The study was approved by the HARVEST Ethics
Committee and by the Ethics Committee of the
University of Padova. A written informed consent
was given by the participants.

Results

The study participants were more frequently males
(73.8%). Their clinic brachial office BP at entry in
the HARVEST study was 144.3+11.1/91.7 =
6.3 mmHg and at the time of arterial distensibility
assessment was 137.2+12.2/85.7*=7.5 mmHg.
During the 9 years of follow-up, 156 patients (51%)
developed hypertension requiring antihypertensive
treatment (end-point subjects), while the rest of the
group remained untreated. The baseline characteris-
tics of the whole cohort, and of the end-point
subjects and the subjects who remained untreated
are reported in Table I. End-point subjects were older
and less active compared with those who remained
untreated. No between-group statistically significant
difference was found for gender, BMI, prevalence
of smokers, alcohol and coffee drinkers, and paren-
tal hypertension. With regard to metabolic data,
end-point patients had higher triglycerides than those
who remained untreated. Also serum glucose, total
cholesterol and AER were higher among the end-
point patients but the differences did not attain
the level of statistical significance after the
Bonferroni correction. ILVM index did not differ
significantly between the two groups. End-point
subjects presented higher baseline brachial office dia-
stolic and mean BP, all 24-h and central BP values,
in comparison with subjects who remained untreated
(Table II). No significant difference was observed
between the two groups for office systolic BP, office
and 24-h HR and all PP values. Correlations between
brachial office, 24-h and central systolic, diastolic
and mean BP values are reported in Table III. For
mean BP, all coefficients were <0.3. Central BPs
were unrelated to 24-h BPs. In multivariable logistic
regression analyses, brachial office mean BP and
24-h mean BP were not associated with baseline
TOD (p =n.s.), whereas central mean BP presented
a significant association (p =0.009). This association
remained statistically significant also when office and
24-h mean BPs were forced into the logistic model
(OR=1.06,95% CI1.01-1.12), p=0.003). None of
the PP values was associated with baseline TOD.
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Table 1. Baseline characteristics in the whole group and in the participants divided according to whether
they developed hypertension needing treatment (end-point) or remained untreated.

All subjects, Untreated, End-point,
Variable n=305 n=149 n=156 p-value?
Age, years 37.3+x10.3 34.8+9.9 39.7+10.1 <0.001
Sex, % males 73.8 72.5 75.0 n.s
BMI, kg/m? 24.7+3.3 24.6 3.4 24.7+3.3 n.s.
Parental HT, n (%) 183 (61.4) 82 (56.9) 101 (65.6) n.s.
Cigarette smokers, 7 (%) 61 (20.0) 25 (16.8) 36 (23.1) n.s.
Alcohol drinkers, 7 (%) 123 (40.3) 51 (37.6) 67 (42.9) n.s.
Coffee drinkers, 7 (%) 215 (71.9) 103 (71.5) 112 (72.2) n.s.
Physically active, n (%) 144 (47.2) 76 (51.0) 68 (43.6) 0.04
Serum glucose, g/dl 91.0*+11.1 89.2+10.1 92.8*+11.8 n.s.
Serum creatinine, mg/l 0.91*+0.17 0.92+0.17 0.91+0.17 n.s.
Uric acid, mg/dl 4.86+1.3 4.71 +1.32 5.0+1.30 n.s.
Albumin excretion rate, mg/24h 11.3+£24.5 9.38+10.4 13.1£32.4 n.s.b
Total cholesterol, mg/dl 189.8 +38.9 184.2 40.0 195.3 +37.2 n.s.
HDL-cholesterol, mg/dl 53.4*+14.1 55.1+14.9 51.8+13.2 n.s.
Triglycerides, mg/dl 111.2+78.4 95.9+59.1 126.1 +91.2 0.014°
LVMI g/m? 87.2+15.4 87.0x15.3 87.4x15.6 n.s.

Data are mean values * standard deviation; all p-values are adjusted for age and sex except age and sex.
ap-value for untreated vs end-point subjects,; Plog-transformed data. BMI, body mass index; HT,
hypertension; HDL, high-density lipoprotein; LVMI, left ventricular mass index. n.s., not statistically

significant (p>0.05).

Arterial distensibility assessment

The 305 subjects were divided into two subgroups
according to whether their central mean BP was
below or above the median in the group (103.0
mmHg). Subjects with high central mean BP
presented lower C1 and C2 compared with those
with low central mean BP. C1 and C2 were 16.1 *
5.3 ml/mmHgx10 and 7.8*3.0 ml/mmHgx100,
respectively, in subjects with low central mean
BP, and were 14.3 +4.6 ml/mmHgx10 and 6.3 *
2.5 ml/mmHgx100, respectively, in subjects with
high central mean BP (p-value adjusted for age
and sex=0.025 for C1 and p=0.001 for C2).
Subjects with high central mean BP also presented

a higher PWV and Alx. PWV was 9.7 = 3.8 m/s and
Alx was 23.5+0.23% in subjects with high central
mean BP; PWV was 8.1 1.6 m/s and Alx was
7.2+0.25% in subjects with low central mean BP
(p-value adjusted for age and sex<<0.001 for both).
In addition, subjects with high central mean BP
reached the endpoint more frequently than those
with low central mean BP (62.6% vs 36.6%,p<<0.001
adjusted for age and sex).

Follow-up

At the last follow-up visit, brachial office BP was
147.8 £12.0/97.1 = 8.1 mmHg in the subjects who

Table II. Baseline blood pressure values in the whole group and in the participants divided according
to whether they developed hypertension needing treatment (end-point) or remained untreated.

All subjects, Untreated, End-point,
Variable n=305 n=149 n=156 p-value?
Brachial SBP, mmHg 144.3+11.1 143.4*+12.0 145.1 £10.2 n.s.
Brachial DBP, mmHg 91.7*+6.3 90.2+6.8 93.1*£5.5 0.036
Brachial HR, beats/min 74.1+9.9 74.1+9.9 74.2 £10.0 n.s.
Brachial mean BP, mmHg 109.2*+6.1 108.0 7.0 110.4*+4.9 0.025
24-h SBP, mmHg 130.6 =10.4 128.8 £10.6 132.2*+10.0 <0.001
24-h DBP, mmHg 79.5+7.9 77.2+8.0 81.7*+7.1 <0.001
24-h MBP, mmHg 96.5*7.1 94.4*17.0 98.5+6.6 <0.001
24-h HR, beats/min 72.7+8.1 71.8+75 73.5+8.5 0.051
Central SBP, mmHg 124.4+13.5 121.5*13.3 127.2*+13.2 0.007
Central DBP, mmHg 85.7*+17.6 83.8+8.0 87.5*+6.8 0.001
Central MBP, mmHg 103.0+09.1 100.8+09.1 105.0+8.6 0.002
Brachial PP, mmHg 52.6+11.8 53.3+11.8 52.0+11.8 n.s.
24-h PP, mmHg 51.0x11.0 51.6+11.8 50.5+10.3 n.s.
Central PP, mmHg 38.8+11.0 37.6 +10.6 40.0*+11.3 n.s.

Data are mean values * standard deviation. All p-values are adjusted for age and sex. ?p-value for
untreated vs end-point subjects. SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean
blood pressure; HR, heart rate; PP, pulse pressure; n.s., not statistically significant (p>0.05).

RIGHTS LI N Kdx



Blood Press Downloaded from informahealthcare.com by Universitat de Gironaon 12/02/14

For personal use only.

Central blood pressure in the young 13

Table III. Correlation between brachial office, average 24-h and central systolic, diastolic and mean BP values.

SBP DBP MBP
Office BP 24-h BP Office BP 24-h BP Office BP 24-h BP
24-h BP r=0.37, p<0.001 r=0.42, p<0.001 r=0.29, p<0.001
Central BP r=0.23,p=0.003 r=0.033, p=n.s. r=0.28,p<<0.001 r=0.15,p=n.s. r=0.28,p<<0.001 r=0.11, p=n.s.

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; BP, blood pressure; n.s., not statistically

significant (p>0.05).

met the criteria for starting antihypertensive drug
treatment (end-point) and was 132.3 = 8.9/85.0 = 6.3
mmHg in the patients who did not need treatment
(all adjusted p<<0.001). The corresponding values
for 24-h BP were 134.6 £9.6/86.3 = 7.2 mmHg and
128.9+£9.2/79.4+5.8 mmHg, respectively (all
adjusted p<0.001). In univariate analyses, develop-
ment of hypertension requiring drug treatment
was predicted by brachial office, 24-h and central
mean BPs (all p<0.001), whereas brachial office
and 24-h PP were not predictive of outcome. The
predictive value of central PP was of borderline sta-
tistical significance (p=0.07). When the three mean
BPs were included simultaneously in the same unad-
justed model, brachial BP was not accepted by
the model, whereas 24-h mean BP (»p<<0.001) and
central mean BP (»p=0.001) remained significant
predictors of outcome. Brachial office, 24-h and cen-
tral mean BPs were significant predictors of future
hypertension also when included in a multivariable
model separately (Table IV, models 1, 2 and 3).
When the three pressures were included together in
the same multivariable model, again only central
mean BP and 24-h mean BP remained associated
with outcome (Table IV, model 5). In the multivari-
able regressions, brachial PP and 24-h PP were not
associated with outcome. Central PP maintained a
borderline relationship in the multivariable model
when central mean BP was incorporated (Table IV,
model 4).

Table IV. Odds ratios and 95% confidence interval for develop-
ment of hypertension needing antihypertensive treatment from
multivariable adjusted logistic regressions.

Model OR (95%CI) p-value
Model 1 Brachial MBP 1.09 (1.04-1.15) <0.001
Model 2 24-h MBP 1.08 (1.03-1.12) <0.001
Model 3 Central MBP 1.06 (1.02-1.09) <0.001
Model 4 Central PP 1.02 (0.99-1.05) n.s.
Central MBP 1.06 (1.02-1.10) 0.002
Model 5 Brachial MBP 1.05 (0.99-1.11) 0.062
24-h MBP 1.06 (1.01-1.11) 0.009
Central MBP 1.05 (1.01-1.08) 0.006

Odds ratios represent risk of hypertension needing treatment
according to brachial office, 24-h and central mean blood pressure
values. OR, odds ratio; CI, confidence interval. All data are
adjusted for age, sex, body mass index, parental hypertension,
physical activity, smoking, coffee, alcohol consumption, follow-up
time, 24-h heart rate. MBP, mean blood pressure; PP, pulse
pressure; n.s., not statistically significant (p > 0.05).

In the subjects divided into tertiles of mean BP,
the top tertile of brachial office, 24-h and central
mean BP had a 2.1, 2.5 and 3.3 increased adjusted
risk, respectively, of developing hypertension needing
antihypertensive therapy compared with the bottom
tertile (Figure 1).

Discussion

The main finding of our study was that mean central
BP, measured non-invasively with applanation
tonometry, was a useful adjunct to brachial BP
measurements to better define the risk profile in
young subjects screened for stage I hypertension. We
observed that central BP remained a significant pre-
dictor of future hypertension on top of ambulatory
BP. Central mean BP was the only BP measurement
associated with the presence of baseline LVH or MA.
In addition, patients with elevated central mean BP
presented an early impairment of arterial distensibil-
ity parameters, as documented by the higher values
of PWV and Alx and the lower values of C1 and C2
compared with patients with low central mean BP.
At variance, central PP was not a significant predic-
tor of outcome in this young population.
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Figure 1. Odds ratios of developing hypertension needing
treatment in 305 stage 1 hypertensive subjects, divided into tertiles
of brachial office, 24-h and central mean blood pressure. Office
mean blood pressure: T1, 1st tertile (85.22-106.83 mmHg);
T2, 2nd tertile (106.84-111.78 mmHg); T3, 3rd tertile (111.89—
125.22 mmHg). Twenty-four-hour mean blood pressure: T1,
1st tertile (73.19-93.86 mmHg); T2, 2nd tertile (93.93-99.26
mmHg); T3, 3rd tertile (99.27-119.57 mmHg). Central mean
blood pressure: T1, Ist tertile (77.00-99.20 mmHg); T2,
2nd tertile (99.30-105.56 mmHg); T3, 3rd tertile (105.57-133.00
mmHg). ¥p=0.03 vs 1st tertile, Sp = 0.004 vs 1st tertile {p<0.01vs
1st tertile, #p<0.001 vs 1st tertile.
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These data confirm our previous results obtained
in 67 young subjects with isolated systolic hyperten-
sion (31) and indicate that central BP is useful for
identifying hypertensive patients at increased risk
who may need an earlier antihypertensive treatment.

The clinical role of central BP has been high-
lighted in several clinical studies that showed that
central BP had a stronger association with CV
morbidity than brachial BP (5-7). Recently,
Vlachopoulos and colleagues analyzed the results of
11 longitudinal studies and concluded that central
systolic BP, PP and Alx predicted CV events and
total mortality (11). However, the relationship
between central BP and CV risk was not confirmed
by Dart and colleagues (32) who observed no predic-
tive value of central systolic BP, PP and Alx for
CV diseases in elderly female hypertensives. In that
study, brachial BP was a significant predictor of
outcome. These results can be explained by the
changing relationship between central BP and bra-
chial BP with aging. Age-related aortic stiffening
reduces the difference between central and brachial
systolic BP, which may account for the relatively
better predictivity of brachial compared with central
BP in elderly individuals. In contrast, in our young
to middle-aged patients, central BP was much lower
than brachial office BP (mean brachial office BP
109.2 mmHg, mean central BP 103.0 mmHg).

Another finding that may be related to the young
age of our population is that in the present study
central mean BP and not central PP was predictive
of outcome, at variance with previous data obtained
in older subjects (11,33,34). Vlachopoulos et al. (11)
examined six relevant studies and observed that for
a 10-mmHg increase in central PP there was a 3.7%
risk increase of CV events. In another recent paper,
Huang et al. (34) compared central and 24-h BP
measurements and found that only central PP
was significantly predictive of all-cause mortality.
However, it should be noted that in elderly individu-
als PP reflects increased arterial stiffness, whereas in
young subjects it is mainly the result of heightened
cardiac output.

Ambulatory BP monitoring is currently used in
clinical practice for a better assessment of a hyper-
tensive individual because it adds prognostic
information to that provided by brachial office BP.
Whether central BP may provide additional informa-
tion on risk related to BP when used in conjunction
with ambulatory BP is not well known. In adult to
elderly uncomplicated hypertensives, Schultz and
colleagues (35) observed that peripheral arterial
pressure either measured in the clinic or with ambu-
latory recording was poorly representative of central
BP because of wide variation in PP amplification.
Among patients from different categories of BP con-
trol, central BP measurement produced a reclassifi-
cation of the risk related to BP. Only one study
prospectively compared the predictive value of 24-h

BP with that of central BP. In a population of sub-
jects with a mean age of 52 + 13 years (range 30-79
years), Huang and colleagues (34) observed that
office central BP was more valuable than office
peripheral BP in the prediction of all-cause and CV
mortalities. Ambulatory peripheral BP was superior
to central BP in the prediction of CV mortality, but
central PP better predicted all-cause mortality than
24-h systolic BP or PP.To the best of our knowledge,
no such comparison has been performed in young
populations. The present study indicates that assess-
ment of central BP with applanation tonometry
allows the identification of young hypertensive sub-
jects with increased CV risk who may need earlier
antihypertensive treatment.

Study limitations

In this analysis, we arbitrarily considered the subjects
whose central mean BP was above the median in the
group as having high central BP. Little information is
available about the upper normal limit of central BP
in young to middle-aged individuals. The difference
between central BP and brachial BP declines progres-
sively with aging and it is not known whether differ-
ent normality limits should be identified in younger
compared with older individuals. In addition, we
used mean BP to compare the different BP measure-
ments. We selected this parameter because central
mean BP was the best predictor of future hyperten-
sion needing treatment, compared with central sys-
tolic or diastolic BP. Moreover, using mean BP we
decreased the risk of collinearity between the three
pressures. Another possible limitation is that central
aortic BP was not measured directly but was esti-
mated from non-invasive pressure waveforms with
applanation tonometry. A potential pitfall of this
technique is that the values for central pressures
depend on the validity and applicability of the gener-
alized transfer function used to generate the central
aortic waveforms. In addition, the calibration of cen-
tral aortic pressures depends on the accuracy of the
brachial pressure measurements. However, the trans-
fer function used by the DAT system to derive central
BP has been validated in several studies, which
showed a good correspondence between calculated
and directly recorded central aortic BP (28,36).
Another limitation is the higher prevalence of male
subjects in our population, due to the effect of the
natural selection. Because of the small number of
female hypertensives, we must be cautious about con-
clusions of our longitudinal analysis in this gender.

Conclusion

The present results suggest that in young to middle-
aged subjects, in the initial stage of hypertension,
assessment of central BP is a useful adjunct to
brachial BP measurement even if ambulatory BP
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monitoring is performed. Central BP may be useful
for identifying subjects with a higher risk profile in
whom early anti-hypertensive treatment should be
started. Future studies in larger samples are needed
to identify an objective operational threshold level
between normal and abnormal central BP.
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