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Endothelial dysfunction in hypertensive
patients and in normotensive oVspring
of subjects with essential hypertension

Essential arterial hypertension (EH) is an
important risk factor for atherosclerosis.
There is growing evidence that endothelial
dysfunction is the earliest event in atherogen-
esis and also precedes morphological changes
of the arterial wall in hypertensive patients.1

One of the most widely recognised methods
of determining the endothelial function is the
dilation capability of arteries. Risk factors of
atherosclerosis, including EH, probably de-
crease the production and increase the
consumption of nitric oxide which plays a
central role in the vasodilation.

Studies where venous occlusion plethys-
mography was used for measurement of
changes in the blood flow demonstrated that
patients with EH showed impaired endothe-
lium dependent vasodilation of peripheral
resistance arteries. On the other hand, there is
only little evidence, albeit controversial, of the
dilation capability of systemic conduit arter-
ies in EH patients.2–4

The aim of the present study was to evalu-
ate non-invasively whether flow-mediated
dilation (FMD) of the brachial artery is also
impaired, in spite of treatment in patients
with EH, and to find whether these abnor-
malities precede clinical manifestations of
elevated blood pressure and can therefore be
detected in the normotensive oVspring of
subjects with EH (hypertensive familial trait
(FT)).

The study encompassed four groups in-
volving a total of 172 subjects. In the first
group there were 46 patients (35 men and 11
women, mean age 49 years) with the EH
documented for at least two years. Only
hypertonics with well documented elevated

blood pressure (> 145/95 mm Hg in a sitting
position in at least three diVerent measure-
ments before starting treatment) were in-
cluded. The hypertensive subjects took their
medication (either long acting calcium chan-
nel antagonists or angiotensin converting
enzyme (ACE) inhibitors) 6–8 hours before
haemodynamic measurements were per-
formed. The second group of 44 healthy nor-
motensive subjects (32 men and 12 women),
matched with the patients in age and sex,
served as controls. The third group com-
prised 41 subjects (23 men and 18 women,
mean age 25 years), with a family history of
essential hypertension in their first degree
relatives (parents or siblings, or both). In the
fourth control group there were 41 volunteers
age and sex matched with FT subjects, and
without a family history of hypertension.
Both groups of young volunteers had re-
corded normal blood pressure at least three
times in the year preceding the investigation.
Information on blood pressure was obtained
from family doctors and their medical
records.

The dilation capability of the brachial
artery was studied by high resolution ultra-
sound. The method of haemodynamic meas-
urements was described elsewhere.1 The
relative flow increase during reactive hyperae-
mia was calculated as the maximum flow
divided by the flow during rest. The FMD
response was expressed as a change in the end
diastolic diameter of the brachial artery dur-
ing reactive hyperaemia compared to the
baseline measurement, and used as a measure
of endothelium dependent vasodilation. En-
dothelium independent vasodilation of the
brachial artery was studied by way of the
sublingual application of 0.5 mg glyceryl
trinitrate (GTN).

The patients with EH had significantly
higher systolic and diastolic blood pressure
than the controls (140.76 (11.74) mm Hg v
122.52 (8.11) mm Hg, p < 0.00005) and a
higher body mass index in comparison to the
control group (28.60 (3.61) kg/m2 v 25.05
(2.59) kg/m2, p < 0.00005). Systolic and
diastolic blood pressure, although in the
normal range, was higher in the FT group
than in the controls (121.95 (9.54) mm Hg v

114.88 (9.39) mm Hg, p = 0.001; 80.24
(6.22) mm Hg v 75.49 (5.57) mm Hg,
p = 0.0005 respectively). Subjects with a
family history of hypertension also had a
higher body mass index than healthy controls
(24.33 (3.72) kg/m2 v 21.81 (2.45) kg/m2,
p = 0.0006).

The mean resting diameter of the brachial
artery in EH patients and in subjects with FT
was comparable to the control groups (4.5
(0.87) mm v 4.2 (0.68) mm, p = 0.085;
3.7 mm (0.69) v 3.6 (0.52) mm, p = 0.211,
respectively). The mean hyperaemic flow
increase observed after cuV deflation was
lower in EH patients than in the control group
(380 (128)% v 476 (180)%, p = 0.005), while
mean flow increase during reactive hyperaemia
was comparable between the FT group and
the controls (476 (129)% v 444 (140)%,
p = 0.099).

FMD in hypertonics was significantly less
than in controls (fig 1), and GTN induced
dilation as well (12.1 (4.3)% v 16.1 (4.6)%,
p = 0.00007). FMD in hypertensive patients
was also impaired when corrected for the
GTN response (2.9 (3.0)% v 7.7 (2.4)%,
p < 0.00005). In subjects with FT, FMD was
also decreased in comparison to controls (fig
1); in contrast to hypertonics, the GTN
induced dilation was comparable between the
groups of young volunteers (14.0 (5.3)% v
15.7 (5.2)%).

In the group of older participants as a
whole, the univariate analysis FMD was
strongly inversely related to the systolic and
diastolic blood pressure (p < 0.00005), to the
duration of hypertension (p < 0.00005), the
family history of hypertension (p < 0.00005),
and the body mass index (p < 0.00005), yet
weakly related to the age (p = 0.045). There
was also a strong inverse relation observed
between the dilation capability (flow and
GTN mediated) and the baseline vessel
diameter (p < 0.00005). In contrast, hyper-
aemic flow increase was not a significant pre-
dictor of FMD. Variables that were significant
in the univariate analysis were included in
diVerent multiple regression models. Multi-
variate analysis with the highest predicting
value showed that in patients with EH the
FMD was related to the family history of
hypertension (partial r = −0.42,
p < 0.00005), the systolic blood pressure
(partial r = −0.43, p < 0.00005), and the
baseline vessel diameter (partial r = −0.27,
p = 0.010). The model was significant
(p < 0.00005) with a relatively high goodness
of fit (R2 = 0.53). Similar results were ob-
tained when diastolic blood pressure was
substituted for the systolic blood pressure.

In both groups of young subjects (FT plus
controls), FMD was strongly negatively related
to the family history of hypertension
(p < 0.00005). FMD was also negatively
related to the baseline vessel diameter
(p = 0.002). Multivariate regression analyses
including the family history of hypertension,
the baseline vessel diameter, the body mass
index (p < 0.00005), and the systolic blood
pressure (p = 0.030), revealed that the family
history of hypertension (partial r = −0.42,
p = 0.0002) and the baseline vessel diameter
(partial r = −0.24, p = 0.048) were the most
important determinants of FMD (R2 = 0.37,
p < 0.00005).

The present study demonstrated that, in
spite of treatment, hypertonics without
cardiovascular events showed decreased
FMD of the brachial artery as compared to
the normotensive controls. This diVerence
was also preserved after making correction

Figure 1 Flow mediated dilation (FMD) of brachial artery in patients with essential hypertension
(EH), in subjects with hypertensive familial trait (FT), and controls.
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for the GTN response, which could further
decrease the vasodilatatory capability of the
investigated vessels. The observed diVerence
in FMD between subjects with and without
hypertension does not appear to be the
consequence of methodologic variation as the
intraobserver variability only accounts for 0.9
(1.8)%. Moreover, it was shown that the con-
sequence of diVering flow challenges between
the groups had no influence on FMD. Only
few and conflicting results have been re-
ported in the literature with respect to direct
measurements of FMD of conduit arteries.
Iiyama et al2 and Schmieder et al3 clearly
showed that FMD of the radial artery in
untreated hypertonics was blunted during an
increased flow provoked by reactive hyperae-
mia or acetylcholine. On the other hand,
Laurent et al4 failed to demonstrate impaired
FMD in hypertensive patients. A shorter
period of occlusion (2 minutes) of the inves-
tigated arm than that in other studies (4–5
minutes), or too small groups may be respon-
sible in the latter study for the inability to
demonstrate decreased FMD in hypertonics.

The reduction of FMD in our study was
shown to be related to the systolic and
diastolic blood pressure. Multivariate analysis
confirmed that the systolic and diastolic
blood pressure had the strongest independent
negative influence on the dilation capability
of the brachial artery. Data from experimen-
tal studies showed that blood pressure, like
any other risk factors of atherosclerosis,
caused a decrease in bioavailability of nitric
oxide (related to its decreased synthesis
and/or release), probably through damage of
endothelial cells.

Our study also showed that in normoten-
sive subjects with FT the vasodilator response
of the brachial artery was blunted, as
compared to the controls, during reactive
hyperaemia. In comparison to the controls,
our FT subjects showed increased levels of
blood pressure, yet these were still in the nor-
mal range and they had no other manifesta-
tion of hypertensive disease. Previous studies
based on plethysmographic investigation
showed that normotensive subjects with a
family history of EH had higher levels of
peripheral resistance than controls, which is
probably a consequence of endothelium dys-
function of the small vessels.5 These findings
could imply that in subjects with FT a func-
tional abnormality of endothelium may ap-
pear early in the life or may even be directly
inherited.

Another important finding of our study is
the decreased response to GTN in patients
with EH compared to the controls, suggest-
ing that hypertension, in addition to endothe-
lial dysfunction, also causes dysfunction of
smooth muscle cells. Until now, only a few
studies have investigated the eVects of hyper-
tension on the functional properties of the
smooth muscle cells of conduit arteries.
Some investigators reported normal endothe-
lium independent vasodilation of the sys-
temic arteries in hypertensive patients, but
Celermajer and colleagues1 demonstrated a
blunted response to GTN in subjects with
diVerent risk factors of atherosclerosis, as well
as in hypertonics. The causes of the conflict-
ing data may be related to the diVerent meth-
ods applied, the duration of hypertension,
and particularly to the treatment modalities
and use of diVerent drugs.

In summary, patients with EH had, in spite
of undergoing medication, decreased FMD
and, to some extent, also decreased GTN
mediated dilation of the brachial artery. These

findings indicate that hypertension is related to
endothelial and smooth muscle cell dysfunc-
tion. Endothelial dysfunction precedes the
manifestation of hypertension and is present in
the oVspring of subjects with EH.
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Quality of life in patients with silent
atrial fibrillation

Atrial fibrillation (AF) is a common arrhyth-
mia associated with substantial morbidity,
mortality, and health care cost. Although AF
is responsible for a variety of symptoms, at
least one third of patients report no overt
symptoms and are unaware of their arrhyth-
mic condition.1 This silent AF is diagnosed
incidentally during routine physical or elec-
trocardiographic examination. In some cases,
asymptomatic AF is revealed only after com-
plications such as stroke or congestive heart
failure have occurred. Implantable pacemak-
ers or defibrillators equipped with long term
Holter memory function have shown that a
very large proportion of patients (> 50%)
have unsuspected episodes of silent AF.2

Silent AF is likely to be associated with
morbidity and mortality rates similar to those
in symptomatic AF, but its eVect on quality of
life (QoL) has not yet been established. We
studied 154 patients with paroxysmal
(60.5%) or persistent (39.5%) AF. Symp-
toms relevant for AF were selected from
Bubien and Kay’s symptom checklist, includ-
ing palpitations, dyspnoea, dizziness, exercise
intolerance, chest discomfort, and syncope.

Thirty eight patients with the lowest quartile
symptom scores (< 25.4) were considered
asymptomatic or very mildly symptomatic
(group 1); 118 patients in the other three
quartiles (> 25.4) were considered sympto-
matic (group 2). Palpitations (68%), dys-
pnoea (60%), and fatigue (62%) were the
most common symptoms reported by these
patients. A control group consisted of 49
subjects (mean (SD) age 54 (14) years, 45%
men) referred for routine health examination,
without documented cardiovascular or any
serious systemic disease. Symptom burden,
as assessed by the symptom frequency and
severity checklist, did not diVer between nor-
mal subjects and group 1 patients, confirming
that the latter were truly asymptomatic.
Group 1 and group 2 patients did not diVer
with respect to age (58.6 (12.3) years v 57.6
(11.1) years), left ventricular ejection fraction
(62.4 (14.1)% v 60.8 (16.1)%), left atrial
dimension (4.3 (0.6) cm v 4.2 (0.6) cm), or
New York Heart Association (NYHA) func-
tional class I (91.7% v 87.9%). There was a
significantly greater proportion of women
among symptomatic compared to “asympto-
matic” patients (32.5% v 13.2%, p = 0.022).

QoL was assessed by a generic health scale,
the 36 item short form health survey (SF-36)
with standardised scores ranging from 0–100
to measure eight health dimensions. Total
functional capacity was measured by a modi-
fied Goldman specific activity scale, and the
illness intrusiveness ratings scale was used to
assess the lifestyle disruption attributable to
illness. In addition, global life satisfaction was
evaluated using a one item visual analogue
scale ranging from 1 (worst possible life) to
10 (best possible life).

Patients with AF had substantially im-
paired QoL compared with healthy subjects
(p < 0.003, table 1). Although the conven-
tional “objective” measures of illness severity
were similar in group 1 and group 2 patients,
the latter reported significantly lower scores
on all SF-36 scales (p < 0.005). Group 2
patients had a significantly increased illness
intrusiveness compared with group 1 patients
(39 (15) v 25 (10), p < 0.001). Total func-
tional capacity and global life satisfaction
were significantly lower in symptomatic
patients compared to “asymptomatic” pa-
tients (p < 0.005).

NYHA class and symptom frequency and
severity were related to SF-36 scores but
accounted for only 7% of total variability of
the latter (P Dorian, unpublished data).

Although most SF-36 scale scores did not
diVer much between normal subjects and
“asymptomatic” AF patients, and total func-
tional capacity was similar in both groups, the

Table 1 Comparison of quality of life in patients with silent (group 1), symptomatic (group 2), all
atrial fibrillation (all AF), and healthy subjects (control)

Control n=49 Group 1 n=38 Group 2 n=116 All AF n=154

SF-36 score
Role-physical 88 (28) 83 (26) 35 (38)*† 48 (42)*
Vitality 71 (14) 63 (15) 42 (19)*† 49 (21)*
Physical functioning 89 (19) 89 (13) 61 (26)*† 68 (27)*
Social functioning 92 (14) 87 (23) 67 (27)*† 73 (27)*
Mental health 81 (11) 75 (15) 65 (18)*† 69 (18)*
Role-emotional 92 (24) 88 (22) 58 (43)*† 65 (41)*
Bodily pain 77 (15) 81 (14) 65 (19)*† 69 (20)*
General health 78 (18 63 (17* 51 (21)*† 55 (21*

Symptom burden (checklist)
Symptom frequency 10 (6) 11 (5) 26 (8)*† 22 (10)*
Symptom severity 8 (5) 9 (3) 22 (6)*† 19 (8)*

Total functional capacity 93 (11) 90 (11) 71 (20)*† 75 (20)*
Global life satisfaction 8.0 (1.2) 7.3 (1.6)* 5.9 (1.9)*† 6.2 (1.9)*

Data presented as raw mean (SD) scores; *p < 0.003 compared with healthy controls; †p < 0.005 compared
with group 1; AF, atrial fibrillation.
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perception of general health was significantly
poorer in the latter (p < 0.003). Global life
satisfaction was significantly decreased in
“asymptomatic” patients compared with nor-
mal subjects (p < 0.003).

This study suggests that the subjective
eVects of AF on isolated physical aspects or
on social and emotional spheres may be sub-
tle in patients with little or no symptoms, but
the arrhythmia may significantly decrease the
overall perception of well being in this popu-
lation. Our data are consistent with the
results of other studies evaluating QoL in
patients with AF. In the Canadian trial of
atrial fibrillation, 289 patients with paroxys-
mal or persistent AF reported better QoL and
had significantly higher scores in physical
functioning, vitality, mental health, and role
emotional when they perceived themselves to
be in sinus rhythm.3 Complete atrioventricu-
lar node ablation in patients with refractory
AF resulted in a remarkable improvement in
general QoL. An improvement in QoL and a
reduction of symptoms after ablation was sig-
nificantly greater than after atrioventricular
node modification, probably because of
better control of the rate and regularity of the
ventricular response.4 Although a noticeable
increase in QoL has been seen in ablation
studies, these usually addressed highly symp-
tomatic patients with poorly controlled AF;
only in a small series of patients with perma-
nent AF and a normal ventricular rate
response, a similar significant improvement
in symptom scores and in the perception of
general health have also been achieved after
atrioventricular node ablation.5

Even less is known about QoL in patients
whose rhythm and/or rate are believed to be
well controlled by antiarrhythmic drugs or in
those who can be potential candidates for
treatment with implantable atrial defibrilla-
tors. Although pharmacological treatment
may prevent the arrhythmia recurrence, it
often renders symptomatic AF to asympto-
matic, and the assessment of QoL in these
patients may have an impact on the risk-
benefit ratio of antiarrhythmic drugs. A
serious consideration should be given to QoL
in atrial defibrillator recipients as this device
may decrease a total symptom burden of AF
but usually it does not aVect the recurrence of
arrhythmia, in particular, short, non-treated
episodes which may be well tolerated or may
be unrecognised by a patient as AF.6

The issue of long life anticoagulation also
remains open in patients with AF in whom
frequent, long lasting, highly symptomatic
episodes have been suppressed by either kind
of treatment but the arrhythmia has not been
completely abandoned. This study indicates
that several aspects of QoL may be reduced in
patients with AF, even in the absence of
symptoms of the arrhythmia. QoL should be
assessed and treatment for the improvement
of QoL should be considered in patients with
“asymptomatic” AF.
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IMAGES IN CARDIOLOGY

Unicuspid aortic valve

Transoesophageal echocardiography showed a
unicuspid unicommissural valve in a 16 year
old boy with severe aortic stenosis. In systole, a
posteriorly situated eccentric orifice extending
to the annulus was seen (O, eccentric orifice;
LA, left atrium, AO, aorta). In diastole there
was one lateral commissural attachment to the
aorta posteriorly. The single commissure
showed fibrosis and thickening. An aortic valve
replacement was done.

The aortic valve develops from three tuber-
cles that are converted into thin valve cusps
and sinuses of Valsalva by a process of excava-
tion. A unicuspid aortic valve is formed by
fusion of all the three cusps. It may have a cen-
tral opening (no true commissure) or an
eccentric orifice (unicommissural) as in our
patient. The free edge of the single leaflet
originates from the single attachment. It then
proceeds across the orifice without additional
contact with the aorta. Then it bends on itself
and returns to the point of origin. It is usually
stenotic at birth.

K M KRISHNAMOORTHY

Heart 2001;85:215–217 217

www.heartjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.85.2.215 on 1 F

ebruary 2001. D
ow

nloaded from
 

http://heart.bmj.com/

