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Oral abstracts

Journal of Human Hypertension (2010) 24, S1–S23; doi:10.1038/jhh.2010.83

2.1. Genome wide association study of blood pressure extremes identifies variant in
uromodulin gene associated with hypertension

Hastie CE1, Padmanabhan S1, Melander O2, Johnson T4, Di Blasio AM3, Munroe PB4, Caulfield M4,
Zanchetti A3,5 and Dominiczak AF1 on behalf of the Extreme BP GWAS Collaborations

1BHF Cardiovascular Research Centre, University of Glasgow, Glasgow, UK; 2Department of Clinical Sciences,
Hypertension and Cardiovascular Diseases, University Hospital Malmö, Malmö, Sweden; 3Istituto Auxologico
Italiano, Milan, Italy; 4Clinical Pharmacology and Barts and the London Genome Centre, Queen Mary
University of London, London, UK and 5University of Milano, Milan, Italy

Background: Hypertension is a heritable and major
contributor to the global burden of disease and the
search for genetic determinants of hypertension has
been challenging.
Methods: We conducted a genome wide association
study in 1,621 hypertensive cases and 1,699 controls,
follow-up validation analyses in 19 845 cases and
16 541 controls using an extreme case-control design
and functional studies in three independent cohorts.
Results: We identified a locus on chromosome 16 in
the 50 region of the uromodulin gene (UMOD;
rs13333226, combined P value 3.6� 10�11). The
minor G allele is associated with a lower risk of
hypertension (OR [95%CI]: 0.87[0.84–0.91]), re-
duced urinary uromodulin excretion and better
renal function. In a subset of 13 446 individuals
with estimated glomerular filtration rate (eGFR)
measurements, we show that the association between

rs13333226 and hypertension is independent from
eGFR (unadjusted for eGFR: 0.89[0.83–0.96], P¼ 0.004;
after eGFR adjustment: 0.89[0.83–0.96], P¼ 0.003).
Urinary uromodulin is positively correlated with
urinary sodium, cross-sectionally and after increased
salt intake, and negatively with proximal tubular
sodium reabsorption. In healthy male G-allele carriers,
in response to experimentally increased salt intake,
sodium balance is achieved by a larger increase in
measured GFR and hence filtered sodium load, and
a smaller rise in tubular sodium excretion. In G-allele
carriers, the rise in extracellular fluid volume is larger
and the reduction in plasma renin activity greater with
increased salt intake.
Conclusions: Variation near the UMOD gene is
involved in the causative mechanisms of hyperten-
sion, most likely mediated through an effect of the
uromodulin protein on sodium homeostasis.

2.2. New insights into the effects of bendroflumethiazide in patients with type I diabetes
and grade one hypertension

Hamilton PK1, McCann A2, Agnew C2, McGivern RC2 and McVeigh GE1

1Queen’s University Belfast Department of Therapeutics and Pharmacology, Belfast, UK and 2Northern Ireland
Regional Medical Physics Agency, Belfast, UK

Thiazide diuretics are widely prescribed for hyper-
tension, although their precise mechanism of action
remains elusive.
29 subjects with well-controlled type 1 diabetes and
normal blood pressure were randomized to receive
bendroflumethiazide 2.5 mg or ramipril 10 mg daily
for 4 weeks, as were 18 subjects with grade 1 hyper-
tension. An ultrasound examination of the brachial
artery was made before and after treatment. Mechanical

properties of the artery were measured based upon
diameter excursions. Doppler velocity waveforms
were recorded after a forearm cuff was inflated to
greater than systolic blood pressure. Waveforms
were characterised using the discrete wavelet trans-
form. Frequency data were categorized into eleven
bands.
There was no difference in the degree of blood
pressure lowering between treatments in either group.

Journal of Human Hypertension (2010) 24, S1–S23
& 2010 Macmillan Publishers Limited All rights reserved 0950-9240/10
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In the diabetes group, treatment with bendroflu-
methiazide decreased beta stiffness (26.00 (21.27–
31.92) units vs 35.83 (27.42–45.77) units, P¼ 0.013)
and elastic modulus (22.82 (19.30–31.31) Ncm�2 vs
31.79 (27.53–40.95) Ncm�2, P¼ 0.008), and increased
distensibility index (0.00090 (0.00070–0.00100) units
vs 0.00064 (0.00049–0.00074), units P¼ 0.003) and
compliance index (0.0097 (0.0072–0.0118) units vs
0.0084 (0.00480–0.01046) index, P¼ 0.017). Ramipril
had no effect. Treatment with bendroflumethiazide

also resulted in an increase in the amplitude in bands
one (P¼ 0.048), two (P¼ 0.041), five (P¼ 0.048), six
(P¼ 0.019) and eleven (P¼ 0.035) in brachial artery
waveforms for the diabetes group. Ramipril had no
effect. No significant changes were detected in the
hypertension group.
Treatment with bendroflumethiazide resulted in
significant changes in the mechanical properties of
the brachial artery in diabetes. Changes did not
occur with ramipril.

2.3. Significantly greater ambulatory BP lowering in high renin hypertensive
patients with high-dose angiotensin receptor blockade than with ACE-inhibition
or direct renin inhibition

Quinn U1,2, Brown C1, Maguire B2, McAdam B2 and Stanton AV1

1Molecular and Cellular Therapeutics, Royal College of Surgeons in Ireland, Dublin, Ireland and 2Blood Pressure
Unit, Beaumont Hospital, Dublin, Ireland

Objective: The World Health Organization estimates
that at least half of heart attacks and strokes result
from suboptimal control of BP. The considerable
variation between individuals in response to currently
prescribed antihypertensive drugs contributes signifi-
cantly to the poor control of BP—many patients gain
little BP lowering with particular agents. This study
aim was to examine the hypothesis that BP lowering
with three different renin-angiotensin-system blockers
varies with plasma renin activity (PRA).
Methods: 26 hypertensive patients (10 women,
mean age 56±8.3 years) participated in this rando-
mized cross-over clinical trial. After one week off all
antihypertensive therapy supine PRA was mea-
sured. Ambulatory BP monitoring was performed

at baseline, and after 4 weeks of each of perindopril
(Peri) 10 mg, candesartan (Cand) 32 mg, and aliski-
ren (Alis) 300 mg daily.
Results: Mean BP lowering (±s.e.m.) with each
treatment (Tx), in patients with low (p0.65 ng/ml/h)
and high baseline PRA (40.65 ng/ml/h), and the
ANOVA results, are illustrated below.
Conclusions: High-dose candesartan resulted in
considerably greater BP lowering in patients with
high baseline PRA. Measurement of PRA prior to
commencement of antihypertensive treatment ap-
pears to powerfully identify the optimal blocker of
the renin-angiotensin-system for individual pa-
tients. Adoption of this strategy could improve BP
control worldwide.

2.4. Discovery of genetic variants that affect blood pressure differentially according
to obesity levels

Johnson T1,2, Meneton P3 on behalf of the Global BPgen Consortium

1Barts and The London School of Medicine and Dentistry, London, UK; 2Queen Mary University of London,
London, UK and 3Faculte de Medicine Paris Descartes, Paris, France

Recently, large scale meta-analyses of genome wide
association studies (GWAS) have identified genetic

variants associated with elevated blood pressure and
hypertension risk1,2. So-called gene-by-environment

Peri Cand Alis ANOVA

Tx effect PRA effect Tx*PRA Interaction

24-h Systolic BP
Low PRA �6.5±3.0 �7.3±3.2 �6.3±2.7 P¼ 0.16 P¼ 0.06 Po0.0001
High PRA �12.3±2.6 �16.3±2.1 �10.6±2.2

24-h Diastolic BP
Low PRA �3.1±2.0 �4.3±2.2 �2.9±1.4 P¼ 0.27 P¼ 0.04 Po0.0001
High PRA �7.9±1.5 �9.0±1.15 �6.9±1.7
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(G�E) GWAS studies are an extension of this
approach, in which genetic variants are tested for
effects on blood pressure that depend on the level of
a second phenotype, which may be a proxy for an
environmental exposure (such as diet or exercise),
or some measure of the physiological ‘environment’
of the cardiovascular system.
We conducted a G�E GWAS for blood pressure,
using two continuous measures of obesity, body
mass index (BMI) and waist circumference, as
‘environmental’ variables. We meta-analysed results
from 11 population cohorts from the Global BPgen
consortium1, with total sample size N¼ 21 103.
These analyses detected two promising associations:
P¼ 6.8� 10�8 on chromosome 10 and P¼ 8.4� 10�7

on chromosome 1. Both are in or near genes not
previously associated with main effects on blood

pressure. We are currently genotyping additional
samples to provide independent replication evi-
dence for these assocations.
G�E studies have the potential to discover further
blood pressure genes, and to provide a deeper
understanding of the mechanisms by which genetic
differences affect blood pressure in the general
population.

1. Newton-Cheh C, Johnson T et al. Genome-wide
association study identifies eight loci associ-
ated with blood pressure. Nat Genet 2009; 41:
666–76

2. Levy D et al. Genome-wide association study
of blood pressure and hypertension. Nat Genet
2009; 41: 677–687

2.5. Myocardial mechanism of angina in aortic stenosis identified in subjects
undergoing transcatheter aortic valve implantation (TAVI)

Sen S, Hadjiloizou N, Baksi J, Francis DP, Foale RA, Parker KH, Hughes AD, Chukwuemeka A,
Casula R, Malik IS, Mikhail GW, Mayet J and Davies JE

Imperial College Healthcare NHS Trust, St Mary’s Hospital, Imperial College London, London, UK

Introduction: It is unclear how aortic stenosis causes
angina despite unobstructed coronary arteries. Trans-
catheter Aortic Valve Implantation (TAVI), permitting
the instantaneous abolition of the stenosis, allows
quantification of the direct physiological impact of
the stenosis independent of associated pathologies
such as left ventricular hypertrophy.
Methods: Intracoronary pressure and flow velocity
were measured immediately before and after TAVI
in six patients with unobstructed coronary arteries.
We calculated the intra-coronary diastolic suction
wave (the principal accelerator of coronary blood
flow). To test physiological reserve to increased
myocardial demand, we measured at rest and during
pacing at 90 and 120 beats per minute.
Results: Prior to TAVI the basal myocardial suction
wave intensity was 2.2±1� 10�5 Wm�2s�2, and

increased in magnitude with increasing severity of
aortic stenosis (r¼ 0.82, P¼ 0.04). This wave de-
creased markedly with pacing at higher heart rate
(b coefficient¼�0.19� 10�4 Wm�2s�2, P¼ 0.003).
After TAVI despite a fall in basal suction wave
(2.2±1 vs 1.0±0.4� 10�5 Wm�2s�2, Po0.004), there
was an immediate improvement in coronary phy-
siological reserve as assessed with pacing (b
coefficient¼ 0.12 � 10�4 Wm�2s�2, P¼ 0.014).
Conclusions: In aortic stenosis, the coronary phy-
siological reserve is reversed: instead of increasing
when heart rate rises, the coronary diastolic suction
wave paradoxically decreases. Immediately after
TAVI, this physiological reserve returns to a normal
positive pattern. This may explain how aortic
stenosis can mimic coronary angina and the prompt
relief of angina after TAVI.

2.6. Nitroglycerin reduces central systolic pressure augmentation through
dilation of muscular arteries rather than reduction in central arterial stiffness
or cardiac pre-load

Fok H, Powell S, Liu B, Seddon M, Jiang B and Chowienczyk P

King’s College London, London, UK

Nitroglycerin (NTG) reduces central pressure aug-
mentation and central systolic blood pressure. The
aim of this study was to establish whether this
results from effects on cardiac pre-load, large artery
stiffness or arterial dilation. Effects of NTG were

compared with those of lower body negative
pressure (LBNP). Haemodynamic measurements
were made at rest, during LBNP (�10, �20 and
�30 mm Hg, each for 15 min) and after NTG (3, 10,
30 and 60 mg/min, each dose for 15 min) in ten
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healthy volunteers in a cross-over study. Cardiac
pre-load, stroke volume and cardiac output were
assessed by echocardiography. Peripheral pressure
augmentation index (AI) was obtained by radial
tonometry (SphygmoCor) and central AI was ob-
tained using a transfer function applied to the radial
waveform. Effects of NTG on carotid-femoral pulse
wave velocity (PWV) and on brachial, carotid, and
abdominal aorta diameter were assessed in a
separate study (n¼ 10). LBNP (�20 mm Hg) and
NTG (30 mg/min) reduced pre-load (as measured by
the peak velocity of the S wave in the superior vena

cava) to a similar degree (by 26.8±3.8 and
23.9±3.4% respectively). LBNP, had no significant
effect on central or peripheral AI but NTG (30 mg/
min) reduced peripheral and central AI (from
8.4±2.7 to �5.3±1.7%, Po0.001) and increased
arterial diameters (by 14.5±3.4, 8.9±1.9 and
10.2±2.7% for brachial, carotid and abdominal
aorta respectively, each Po0.001), but had no
significant effect on PWV. These results suggest that
NTG reduces pressure augmentation through dila-
tion of muscular arteries rather than reduction in
central arterial stiffness or cardiac pre-load.

3A.1. Haematocrit independently predicts mortality in hypertensive patients

Paul L, Walters M, Muir S, Dominiczak AF, Lowe G, McInnes GT and Padmanabhan S

University of Glasgow, Glasgow, UK

The association of haematocrit with mortality is
variable and suggests a U shaped pattern of risk. We
investigated whether the risk associated with haema-
tocrit persisted in treated hypertensive patients
attending the Glasgow Blood Pressure Clinic (GBPC).
Methods: We examined the association between
haematocrit and mortality in 4835 hypertensive
patients attending the GBPC. Haematocrit was
treated as a continuous and a categorical variable
in a Cox regression analysis adjusting for age, sex,
smoking, BMI, systolic and diastolic blood pressure,
cholesterol, haemoglobin, urea.
Results: During 20 years of follow-up, there were
1,202 deaths overall with 719 deaths from cardio-
vascular causes, and 483 from non-cardiovascular
causes. Of the cardiovascular deaths, 455 and 204
were from ischaemic heart disease and stroke
respectively. The median haematocrit was 42 (IQR
40–45). For each one percent increase in haemato-
crit, we observed an increased risk of all-cause
(Hazard ratio [HR] 1.05 [95% CI 1.03–1.08]; P¼o0.001),
cardiovascular (1.04 [1.01–1.08]; 0.024), ischaemic
heart disease (1.07 [1.02–1.11]; 0.002) and non-
cardiovascular (1.07 [1.03–1.11]; 0.001) mortalities
respectively. Patients’ with a haematocrit X47 had

a 58% risk of all-cause death compared to patients
with a haematocrit of p39 (Figure).
Conclusion: Haematocrit in treated hypertensive
patients is an independent predictor of increased
cardiovascular mortality.

3A.2. Microarray analysis of potassium and sodium transport abnormalities in
aldosterone-producing adenomas (APA)

Azizan EAB, Newhouse S, Burton TJ and Brown MJ

University of Cambridge, Cambridge, UK

Objectives: Deletion of Kþ -leak-channels (KCNK)
causes animal models of hyperaldosteronism. We
have undertaken a systematic comparison of KCNK

expression and other genes in the mineralocorticoid
release and response pathways, as part of a microarray
comparison of APA and paired normal adrenal (NA).
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Design: Global gene expression was quantified in
paired APA and NA from 6 patients. We used the
cDNA-mediated DASL Assay and the Illumina
HumanRef-8 BeadChips. Microarray expression re-
sults for selected genes were verified using qPCR
and replicated in a further 11 patients.
Results: Microarray and qPCR analysis showed
agreement, with many differences between APA
and NA being even larger on replication (Table).
CYP11B2 expression was 3.4 higher in APA
(597-fold on qPCR). By contrast, CYP11B1 expres-
sion on qPCR was 0.4-fold lower in APA though
still 3-fold more abundant than CYP11B2. The
KCNK 1, 2, 3 & 12 genes were highly expressed,
more so in APA than NA. The main rodent
adrenal KCNK (KCNK9) was rare. Genes encod-
ing proteins regulating KCNK3 (S100A10 and
ANXA2) had decreased expression in APA. There
was a 2-fold down-regulation of a-ENaC but a
2-fold increase in NHE-2 and NCX. qPCR analysis
found lower expression of MR and Sgk-1 genes
in APA.
Conclusions: Comparison of paired APA & NA
avoids the confounding in previous microarray
studies of inter-patient variabilities. Excess of multi-
ple KCNKs in APA—which are mostly of zona
fasciculata origin—may create the Kþ electrogenic
potential necessary for induction of aldosterone
synthesis.

3A.3. Sleep duration predicts cardiovascular outcomes: a meta-analysis of
prospective studies on 475 000 people and 16 000 events

Cooper D1, Miller MA1, D’Elia L2, Strazzullo P2 and Cappuccio FP1

1University of Warwick, Coventry, UK and 2Federico II University, Naples, Italy

Background: Both short and long duration of sleep
are associated with adverse health outcomes. We
assessed the longitudinal evidence of a relationship
between duration of sleep and incident coronary
heart disease (CHD), stroke and total cardiovascular
disease (CVD).
Methods and results: We performed a systematic
search of publications using MEDLINE (1966–2009),
EMBASE (from 1980), the Cochrane Library and
manual searches without language restrictions.
Studies were included if they were prospective,
follow up 43 years, had duration of sleep at
baseline and cases of fatal and non-fatal CHD, stroke
or CVD assessed prospectively. Relative risks (RR)
and 95% CI were extracted and pooled using a
random effect model. Sensitivity analysis was
performed, heterogeneity and publication bias were
also assessed. 15 studies provided 24 independent
cohort samples, including 474 684 male and female

participants (follow-up range 6.9–25 years), and
16 067 events (4,169 for CHD, 3,478 for stroke and
8,420 for CVD). Sleep duration was assessed by
questionnaire, death through certification and event
registers. Short duration of sleep was associated
with a greater risk of developing or dying of CHD
(RR: 1.48; 95% CI 1.22–1.80; Po0.0001), stroke
(1.15; 1.00–1.31; P¼ 0.047), but not total CVD (1.03;
0.93–1.15; P¼ 0.52) with no evidence of publication
bias (P¼ 0.95, P¼ 0.30 and P¼ 0.46, respectively).
Long duration of sleep was also associated with a
greater risk of CHD (1.38; 1.15–1.66; P¼ 0.0005),
stroke (1.65; 1.45–1.87; Po0.0001) and total CVD
(1.41; 1.19–1.68; Po0.0001) with no evidence of
publication bias (P¼ 0.92, P¼ 0.96 and P¼ 0.79,
respectively).
Conclusion: Both short and long duration of sleep
are significant predictors, or markers, of cardiovas-
cular outcomes.

Abstracts

S5

Journal of Human Hypertension



3A.4. KCNQ gene expression and functional role in human arteries: a potential
future therapeutic target

Ng FL1,2, Davis AJ1, Jepps TA1, Yeung SY1, Nardi A3, Greenwood IA1 and Khong T2

1Basic Medical Sciences, St George’s, University of London, London, UK; 2Department of Clinical Pharmacology
and Therapeutics, St George’s Hospital, London, UK and 3Neurosearch A/S, Ballerup, Denmark

KCNQ-encoded voltage-gated potassium channels
(Kv7) have recently been identified as important
anti-constrictor elements in rodent vasculature.
Their role in human arteries and impact of its
modulators remains unknown. We investigated the
hypothesis that Kv7 channels are potentially a new
class of therapeutic targets in hypertension, by
aiming to identify KCNQ gene expression and
demonstrate ex vivo function in human arteries.
48 participants undergoing elective surgery were
recruited. We obtained 39 arteries from adipose
tissue and 9 from mesenteric arteries, thus from
resistance and conduit arteries.
Gene expression was assessed with quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR) and
fluorescence immunohistochemistry (IHC). qRT-PCR
experiments using primers specific for KCNQ genes
showed that KCNQ4 expression was found in all
assessed arteries, with variable contributions from

KCNQ1, 3 and 5. KCNQ2 expression was not detected.
IHC experiments with antibodies specific for different
Kv7 isoforms revealed staining in the vascular smooth
muscle layer.
Ex vivo function was assessed by wire myography.
Two Kv7 channel blockers, XE991 and linopirdine
produced a constrictor response, whereas the Kv7.1-
specific blocker chromanol 293B did not. Two Kv7
channel activators, retigabine and acrylamide S-1,
dose-dependently relaxed pre-constricted arteries,
and was reversible by XE991. Acrylamide S-1 also
suppressed spontaneous contractile activity in 7
arteries, also reversible by XE991. These results
were independent of patient demographics, co-
morbidities and concurrent medications.
We are the first to demonstrate the presence of
KCNQ gene products in human arteries, and its role
in ex vivo vascular tone. This supports Kv7 channels
as potential therapeutic targets in hypertension.

3A.5. Impaired aldosterone regulation and salt sensitivity in the SHRSP is restored by
chromosome 2 QTL

Sampson AK, Graham D, Miller WH, Schneider MP, McBride MW and Dominiczak AF

BHF Glasgow Cardiovascular Research Centre, Glasgow, UK

We have previously shown that introgression of a
chromosome 2 quantitative trait locus (QTL) from
a normotensive into a hypertensive rat resulted in a
20–25 mm Hg reduction in arterial pressure. This
congenic interval contains a number of genes,
including genes involved in aldosterone synthesis.
We hypothesise that this congenic region from the
WKY may restore aldosterone regulation and decrease
salt-sensitivity in the SHRSP.
We investigated the normotensive WKY, the stroke-
prone spontaneously hypertensive rat (SHRSP) and
a congenic strain (SP.WKYGla2k) containing the
SHRSP background and the congenic interval
(10 cM) from the WKY. Hemodynamic variables
were measured by radiotelemetry probes implanted
at 12 weeks of age. At 18 weeks of age, rats were
treated with water or 1%NaCl for 3 weeks after
which renal function was assessed using clea-
rance techniques and metabolic cage measurements.

Urinary aldosterone was measured using radio-
immunoassay and adrenal gene expression was
assessed via qRT-PCR.
We observed a chromosome 2 dependent increase in
systolic blood pressure in response to the high salt
diet; increases of WKY: 141±3 to 147±3mm Hg,
SP.WKYGla2k: 179±7 to 201±4 mm Hg and SHRSP
194±5 to 235±6mmHg (Pstraino0.01). After high
salt treatment SHRSP showed greater sodium excre-
tion (194±20 vs 119±10mg/24 h, P¼ 0.0005) and
greater plasma aldosterone concentration compared
to WKY (0.86±0.17 vs 0.53±0.05 nmole/l, P¼ 0.04).
There was no difference in excretion parameters
between SP.WKYGla2k and WKY. Our findings
suggest that the introgression of the small chromo-
some 2 congenic interval from the WKY on the
hypertensive background is associated with restored
aldosterone regulation and is sufficient to reduce
salt-sensitive hypertension.
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3A.6. Arterial stiffening relates to arterial calcification but not to non-calcified
atheroma as determined by multimodality imaging of the aorta

Cecelja M, Hussain M, Greil G, Spector TD and Chowienczyk P

King’s College London, London, UK

Introduction: Arterial stiffening relates to arterial
calcification but whether this merely reflects under-
lying atherosclerosis is unknown. The aim was to
examine the relationship of arterial stiffness to mea-
sures of arterial calcification and atherosclerosis using
ultrasound, magnetic resonance imaging (MRI) and
computed tomography (CT) and the degree to which
they are explained by common genetic influences.
Methods: In 900 women, aged 21–81 years from the
Twins-UK cohort, carotid-femoral pulse wave velocity
(cfPWV, SphygmoCor) was related to ultrasound
measurements of carotid plaque. Total aortic plaque
burden and calcium score were measured in a sub-
sample of 22 women who underwent CT and MRI
(ECG triggered, turbo-spin-echo black-blood sequence)
imaging. The topographic relation of atherosclerosis to
calcification was assessed from MRI/CT fused images.
Results: In the total cohort, cfPWV independently
correlated with calcified plaque (standardised beta

coefficient, b¼ 0.08, P¼ 0.01) but not non-calcified
plaque. Adjusted heritability estimates of cfPWV
and calcified plaque were 0.38 (CI: 0.19–0.59) and
0.61 (CI: 0.04–0.83), respectively. Shared genetic
factors accounted for 92.3% of the correlation
between cfPWV and calcified plaque. From CT/
MRI imaging, 19/22 participants had aortic plaque
and 14/22 calcification on at least one image slice.
PWV was greater in subjects with calcification
(9.82±0.9 m/s) in comparison to subjects with
non-calcified plaque or no plaque (8.7±0.6 and
8.8±0.7 m/s, respectively, Po0.05). PWV was in-
dependently correlated with total calcium burden
(b¼ 0.52, Po0.05).
Conclusion: These results suggest that the associa-
tion between increased arterial stiffness and arterial
calcification is explained by a common genetic
aetiology and is independent of non-calcified
atheromatous plaque.

3B.1. Evaluation of a pilot nurse led intermediate hypertension service

Kennedy S1, Porteous F2, McInnes G1, Brady A2 and Morrison C2

1University of Glasgow, Glasgow, UK and 2NHS Greater Glasgow and Clyde, Glasgow, UK

Objective: Hypertensive patients are usually suc-
cessfully managed in primary care. However, for a
minority equitable specialist secondary care services
are needed. A novel pilot nurse-led intermediate
hypertension service (IHS) was assessed for effec-
tiveness and feasibility as an interface between
primary and secondary care. The aim was to provide
convenient, quick and expert advice for patients
with apparent refractory hypertension and unu-
sually variable BP.
Design: An integrated care pathway, delivered by
nurses from specialist hypertension clinics and
supported by hospital physicians, included assess-
ment, management and triage of patients directly
referred from primary care. Clinics, held monthly in
health centres across two different areas in one city,
used a custom clinical decision making database on
a secure website. GPs (n¼ 77) were informed and
provided with referral forms.

Results: Patients (n¼ 53) were referred to the
IHS over 15 months. 83% of patients had ambula-
tory blood pressure monitors fitted. Paired t-tests
comparing individual patients’ clinic referral and
discharge systolic BP (P¼ 0.02: CI 5.8) and diastolic
BP (o0.001: CI 3.2) found significant reductions.
Most patients (n¼ 42) were assessed then dis-
charged to primary care for follow up; the others
(n¼ 11) were referred to secondary care hyperten-
sion clinics for confirmed complex uncontrolled
hypertension. A survey of patients (n¼ 44, 83%)
indicate that the service was considered to be
efficient and valuable.
Conclusions: Specialist hypertension nurses suc-
cessfully delivered an IHS with support from
secondary care physicians. Most patients were
returned to primary care without requiring a
hospital visit. The low referral rate informed future
service provision needs.
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3B.2. Blood pressure as a test: a study to examine its variability in
nurse measured digital upper arm readings in normotensive and borderline
hypertensive volunteers

Thomas ME1, Hadley G1 and Bartlett W2

1Department of Renal Medicine, Birmingham Heartlands Hospital, Birmingham, UK and 2Department of
Biochemical Medicine, Ninewells Hospital, Dundee, UK

Laboratory science has an established approach to
studying test variability. We used it to study nurse
measured BP readings in 25 volunteers aged X45
years, with no history of hypertension. Readings
were done using an Omron 705IT monitor at exactly
1, 3, 5 and 7 min after application of the cuff.
Volunteers were seen under rigorously controlled
conditions on six occasions, with ambulatory BP
monitoring after the third visit.
Mean nurse measured BP was 129.5/78.9 mm Hg.
36% had evidence of borderline/moderate hyper-
tension with a mean BP of 4140 and/or 490 mm
Hg. Initial results show that the average of one
reading from each of three visits is needed to be
95% certain of being within 4% of the homeostatic

set point, or±5 mm at a SBP of 130 mm Hg (n¼ 2.24
for SBP, 2.45 for DBP). A drop in systolic BP
between visits of 10.3% is needed to be 95% certain
of a fall in the set point. The correlation between
nurse measured BP and mean daytime ambulatory
BP was examined. With extra readings at 3, 5 and
7 min, the correlation between nurse measured
SBP and mean daytime SBP showed little change
at about 0.88. For nurse measured DBP the correla-
tion improved modestly, from 0.86 with a 1 min
reading only, to 0.89 with all four readings. This
study defines the characteristics of blood pressure
as a test. Its performance under less controlled
conditions, or in established hypertension, is likely
to be worse.

4A.1. A novel gene locus for blood pressure variability identified by genomewide
association scanning in the Anglo-Scandinavian Cardiac Outcome Trial

Johnson T1, Shaw-Hawkins S1, Howard P1, Lathrop M2, Stanton A4, Shields D3, Poulter N5, Sever P5,
Munroe PB1 and Caulfield M1

1William Harvey Research Institute, Barts and The London School of Medicine, London, UK; 2Centre
Nationale de Genotypage, Paris, France; 3University College Dublin, Dublin, Ireland; 4Royal College of
Surgeons of Ireland, Dublin, Ireland and 5International Centre for Circulatory Health, Imperial College,
London, UK

International guidance advocates diagnosis and
assessment of treatment response in hypertension
be based upon the average of a series of blood
pressure measures. Recent observational cohort data
and evaluation of hypertension intervention trials
including the Anglo-Scandinavian Cardiac Outcome
Trial (ASCOT) show that hypertensives with the
most blood pressure variability over a series of visits
are a greatest risk of a cardiovascular event (1,2).
The ASCOT study is a randomised trial of beta-
blocker based therapy versus calcium channel
blocker based regimen and we established a genetic
repository including 8958 of the 19 000 participants
(1). We undertook a genomewide association scan
for blood pressure variability in 4000 UK and Irish
European subjects genotyped on the HumanCNV370
BeadArray (Illumina). After stringent quality control
and genotype imputation we tested 2.5 M genetic

variants for association with intra-individual blood
pressure variability (combining within- and between-
visit variability calculated from an average of 13 visits
across the 5.5 years of the trial).
We identified a genomewide significant locus on
chromosome 3(P¼ 1.4� 10�8). This locus has not
been identified by previous large-scale blood pres-
sure genome scans and represents a novel locus for
blood pressure variability in hypertensives. It is
associated with BP variability in both the calcium
channel blocker and betablocker limbs, so is unlikely
to reflect differential response to these treatments.

1. Dahlof et al. Lancet 2005; 366: 895–906
2. Rothwell et al. Lancet Neurol 2010; 9: 469–80,

Lancet 2010; 375: 938–48 and Lancet 2010; 375:
906–15. Lancet 2010; 13(375): 895–905
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4A.3. Endothelial dysfunction in aged spontaneously hypertensive rats is reversed by
NADPH oxidase inhibition

ME Armitage1, S Wind2, K Beuerlein2, K Wingler1 and HHHW Schmidt1

1Centre for Vascular Health, Department of Pharmacology, Wellington Rd, Monash University, Clayton, Victoria
3800, Australia and 2Rudolf-Buchheim-Institute for Pharmacology Justus-Liebig University, Giessen, Germany

Arterial hypertension is associated with increased
formation of reaction oxygen species (ROS). ROS
react with NO, reducing the bioavailability of this
vasorelaxant. The resultant impaired endothelium-
mediated vasorelaxation, i.e. endothelial dysfunc-
tion is a hallmark of cardiovascular diseases such as
hypertension. NADPH oxidases are enzymes that
solely produce ROS, and hence represent a novel
target for blood pressure reduction via inhibition of
ROS production. The aim of this study was to
examine ROS formation and the expression of the
different NOX isoforms NOX1, 2 and 4 in aortae of
aged spontaneously hypertensive rats, a model of
endothelial dysfunction and oxidative stress. ROS
formation was measured by dihydroethidium (DHE)
stain of tissue sections or by lucigenin chemilumi-
nescence of aortic homogenates. NOX expression in
aortae was measured by Western blotting and
localization of NOX proteins by immunofluore-
cence. Endothelial function was assessed by aortic
ring relaxation response to acetylcholine. Aortic
sections of SHR showed a 5.7±1.3 increase in ROS
formation, compared to aged matched WKY controls
(Po0.001). This was inhibited by the NOX inhibi-
tors diphenylene iodonium, apocynin and the novel
inhibitor VAS2870. In contrast, eNOS inhibition
with L-NAME or by xanthine oxidase inhibition

with oxypurinol did not decrease ROS levels. NOX1
and NOX2 were upregulated in SHR aortae com-
pared to WKY rat aortae (3.4� ± 0.6, Po0.01 and
1.6� ± 0.1, Po0.01, respectively), whereas NOX4
expression remained unchanged. In tissue sections
NOX1 showed strong positive staining in the intima
of SHR, where it co-localized with an endothelial
cell marker. NOX1 staining was only weakly
positive in the aortae of WKY. NOX2 distribution
was similar in both rat strains. Aortic endothelial
function, as indicated by the maximal relaxation
response to acetylcholine, was significantly im-
paired in SHR versus WKY rats (SHR: 56.2±1.1%
versus WKY: 67.9±2.7%; Po0.05). The NADPH
oxidase inhibitors VAS2870 (10 mmol/l) and apoc-
ynin (100 mmol/l) improved the relaxation in aortae
of both WKY rats (79.4±2.2 and 80.2±2.6%,
respectively) and even more pronounced in SHR
(80.8±3.6 and 77.8±4.9%, respectively) resulting
in similar relaxation of SHR and WKY aortae. In
conclusion, ROS formation is increased in aged SHR
aortae as is expression of NOX1 and NOX2.
Importantly, the ectopic expression of NOX1 in
endothelial cells appears to affect vascular function
in a NADPH oxidase inhibitor-reversible manner.
NOX1 may thus represent a novel target for the
treatment of hypertension.

5A.1. Effect of modest salt reduction on skin capillary rarefaction in white, black and
Asian individuals with mild hypertension

He FJ1, Marciniak M2, Markandu ND1, Antonios TF2 and MacGregor GA1

1Barts and The London School of Medicine & Dentistry, London, UK and 2St George’s, University of London,
London, UK

Microvascular rarefaction occurs in hypertension.
We carried out a 12-week randomised double-blind
crossover trial to determine the effect of a modest
reduction in salt intake on capillary rarefaction in
71 whites, 69 blacks and 29 Asians with untreated
mildly raised blood pressure. Both basal and maximal
(during venous congestion) skin capillary density
were measured by capillaroscopy at the dorsum
and the side of the fingers. Additionally, we used
orthogonal polarization spectral (OPS) imaging to
measure skin capillary density at the dorsum of
the fingers and the hand web. With a reduction in
salt intake from 9.7 to 6.5 g/d, there was an increase
in capillary density (capillaries/mm2) from 101±21
to 106±23 (basal) and 108±22 to 115±22 (maxi-
mal) at the dorsum, and 101±25 to 107±26 (basal)

and 110±26 to 116±26 (maximal) at the side of the
fingers (Po0.001 for all). OPS imaging also showed
a significant increase in capillary density both at the
dorsum of the fingers and the web. Subgroup
analysis showed that most of the changes were
significant in all ethnic groups. Furthermore, there
was a significant relationship between the change in
24-h urinary sodium and the change in capillary
density at the side of the fingers. Our study, for the
first time, demonstrates that a modest reduction in
salt intake, as currently recommended in the UK,
improves both functional and structural capillary
rarefaction and a larger reduction in salt intake
would have a greater effect. The increase in capillary
density may possibly carry additional benefits on
target organs.
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5A.2. Meta-analyses of the HumanCVD55 beadchip discovers new blood pressure genes

Munroe PB on behalf of the Human CVD55 Blood Pressure Consortium

Barts and The London School of Medicine and Dentistry, London, UK

In order to identify new blood pressure (BP) genes we
conducted a meta-analyses of circa 25 000 indivi-
duals genotyped using the HumanCVD55 BeadArray
(Illumina) drawn from 10 studies (BRIGHT hyperten-
sive/normotensive; ASCOT hypertensive; blood do-
nors; AIBIII normotensive; NORDIL hypertensive;
MDC normotensive; Whitehall II; BWHHS; PROCAR-
DIS non-MI-controls; GRAPHIC) genotyped using the
HumanCVD55 BeadArray (Illumina). The HumanCVD55
chip provides comprehensive analysis of c.2150 cardio-
vascular related genes with some additional SNP content
for 430 genes. Meta-analysis identified 35 SNPs at
10 loci with Po1� 10�5. Three of these loci have been
reported previously (MTHFR1; min. P¼ 1.16� 10�7

for diastolic BP; NPPA/NPPB2: min. P¼ 4.09� 10�6

for diastolic BP; ATP2B12: min. P¼ 2.3� 10�8 for
hypertension). For one locus previous reports were

equivocal, our large sample size definitively validates
this locus. Five of the loci are novel discoveries, and
we are currently concluding replication genotyping
and ‘in silico’ look ups for the sentinel SNP in up to
50 000 independent samples. The remaining locus
is also novel and was discovered in parallel by
ICBP-GWAS, using a consortium meta-analysis of
69 899 discovery samples and validation in up to
115 000 individuals (unpublished). Our results suggest
analyses of non-overlapping samples will discover
different BP loci and that effect sizes of these
validated loci areo1mm Hg.

1. Newton-Cheh C et al. Nat Genet 2009; 41(6): 666
2. Newton-Cheh C et al. Nat Genet 2009; 41(3): 348
3. Levy D et al. Nat Genet 2009; 41(6): 677

5A.3. Altering plasma sodium concentration rapidly changes blood pressure during
haemodialysis

Suckling RJ1, Swift P3, Markandu N2, He F3 and MacGregor G3

1St George’s University of London, London, UK; 2Wolfson Institute of Preventative Medicine, London, UK
and 3Epsom and St Helier University Hospitals NHS Trust, London, UK

Salt consumption leads to a small, transient rise in
plasma sodium. Increasing evidence suggests changes
in plasma sodium may be an important factor in BP
response to salt intake. Ten haemodialysis patients
were studied on two separate haemodialysis sessions,
one with dialysate sodium prescribed at 135 mmol/l
and the other at 145 mmol/l. BP and plasma sodium
were measured at baseline before dialysis and every
30 min during the first 2 h of haemodialysis with no
ultrafiltration during the study period.
Results: Dialysate sodium of 135 mmol/l reduced
plasma sodium from 139.5±0.7 to 135.9±0.5 mmol/l
(Po0.001). Dialysate sodium 145 mmol/l did not
alter plasma sodium although a maximum differ-
ence in plasma sodium of 4.8±0.3 mmol/l at
120 min (Po0.001) was achieved.
Predialysis sitting BP was 137/76±7/3 mm Hg. Dialy-
sis with a sodium concentration of 135 mmol/l
reduced SBP by 9±3 mm Hg from 136±6 mm Hg at

baseline to 127±7 mm Hg at 120min (Po0.05). Dialy-
sate sodium 145 mmol/l did not significantly alter
SBP. However, compared to dialysis sodium 135, SBP
with dialysis sodium 145 was higher by 8±3 mm Hg
(Po0.05) at 60 mins and 12±5 mm Hg (P¼ 0.05) at
120 mins. DBP was not significantly changed during
this study, but there was a significant positive
relationship between plasma sodium and DBP.
Conclusions: In this carefully conducted study, we
have shown that alterations in dialysate sodium
concentration had a rapid effect on plasma sodium
and BP during isovolaemic dialysis in stable haemo-
dialysis patients. Changes in dialysate sodium had
significant and rapid effects on SBP, with lower
dialysate sodium concentration associated with lower
BP. This effect may be mediated by directional changes
in plasma sodium. Future studies are required to
explore the mechanisms by which changes in plasma
sodium concentration influence BP.
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5A.4. 11C-metomidate PET-CT scanning: a non-invasive method to lateralise aldosterone
secretion in patients with primary hyperaldosteronism and small adrenal adenomas

Burton TJ1, Bird N2, Soloviev D3, Balan K2, Bray S2, Smith R3, Mackenzie I1, Elkhawad M1, Gurnell M4

and Brown MJ1

1Clinical Pharmacology Unit, Department of Medicine, University of Cambridge, Cambridge, UK; 2PET-CT
Unit, Addenbrooke’s Hospital, Cambridge, UK; 3Wolfson Brain Imaging Unit, University of Cambridge,
Cambridge, UK and 4Department of Endocrinology, Cambridge, UK

Objective: Primary hyperaldosteronism (PHA) is the
commonest curable cause of hypertension, but few
eligible patients progress to curative surgery. A
principal hurdle is the requirement for the techno-
logically demanding procedure of adrenal vein
sampling (AVS) to lateralise excess aldosterone
secretion. 11C-metomidate (MTO), a potent inhibitor
of 11b-hydroxylase, has been advanced as a positron
emission tomography (PET) radiotracer. We have
tested its accuracy in 15 patients with an adrenal
adenoma and successful AVS.
Design: We hypothesised that sensitivity and speci-
ficity of MTO uptake would be enhanced by pre-
treating patients with dexamethasone±fludrocorti-
sone. Fifteen patients with biochemical PHA, an
adrenal adenoma on CT/MRI, and lateralisation by
AVS, agreed to MTO scanning prior to surgery. The
first six patients underwent three PET-CT scans: (i)
without pre-treatment; (ii) pre-treatment with dex-
amethasone alone; (iii) pre-treatment with dexa-

methasoneþ fludrocortisone. The remaining nine
patients had single scans under dexamethasone
suppression. Patients were injected with 180–
504 MBq MTO and imaged dynamically by PET-CT.
Results and conclusion: MTO qualitatively distin-
guished small tumours (45 mm) from normal
adrenal in all patients. Maximum standardised
uptake values were quantitatively greater over
tumour in all but two patients. Pre-treatment with
dexamethasone increased the signal difference
between tumour and normal adrenal by a mean of
18±7% (Po0.05); there was no further improve-
ment from addition of fludrocortisone to the pre-
scan regime. In one patient with multiple adenomas,
the scan distinguished between hot and cold
nodules; confirmed by measuring aldosterone secre-
tion from cultured cells. In conclusion, MTO offers a
non-invasive technique to visualise sub-centimetre
adrenal adenomas, and differentiate functional
tumours from incidentalomas.

5A.5. Evidence that wavelet analysis of blood velocity waveforms provides
information regarding downstream microvessels: a study of the retrobulbar
circulation in type I diabetes

Hamilton PK1, McCann A2, Agnew C2, McClenaghan V1, McGivern RC2 and McVeigh GE1

1Queen’s University Belfast Department of Therapeutics and Pharmacology, Belfast, UK and 2Northern Ireland
Regional Medical Physics Agency, Belfast, UK

Analysis of blood velocity waveforms from medium-
sized vessels should help characterise microvessels
since their morphology is partly determined by
wave reflection.
39 subjects with well-controlled type 1 diabetes and
39 controls underwent ultrasound examinations of
the common carotid (CCA), ophthalmic (OA) and
central retinal artery (CRA) arteries. Waveforms were
characterised using the discrete wavelet transform.
Frequency data were categorized into eleven bands.
In the CCA, the amplitude was higher for subjects
with diabetes in band seven (median 0.42 (IQR 0.28–
0.62) vs 0.38 (0.26–0.63) cms�1, P¼ 0.032), and
lower in band eleven (mean 46.61 (s.e. 1.48) vs
52.88 (1.73) cms�1, P¼ 0.007). In the OA, the
amplitude was higher for subjects with diabetes in
bands one (median 0.24 (IQR 0.20–0.29) vs 0.19
(0.16–0.24) cms�1, P¼ 0.007), two (0.62 (0.45–0.74)

vs 0.53 (0.40–0.62) cms�1, P¼ 0.025) and four (2.30
(1.55–2.88) vs 1.76 (1.38–2.18) cms�1, P¼ 0.022),
and lower in band seven (0.55 (0.36–0.79) vs 0.73
(0.54–1.13) cms�1, P¼ 0.020). There was a trend
towards lower amplitude for subjects with diabetes
in band three (P¼ 0.091). In the CRA, the amplitude
was higher for subjects with diabetes in bands
one (0.18 (0.16–0.25) vs 0.16 (0.13–0.21) cms�1,
P¼ 0.020), two (0.38 (0.30–0.51) vs 0.31 (0.26–0.41)
cms�1, P¼ 0.012), three (0.70 (0.56–0.84) vs 0.49
(0.45–0.61) cms�1, P¼ 0.000) and five (1.37
(1.08–1.89) vs 1.25 (0.97–1.40) cms�1, P¼ 0.028).
There was a trend towards higher amplitude for
subjects with diabetes in band four (P¼ 0.066).
Abnormalities were most pronounced when signals
were captured close to the microvasculature, pro-
viding evidence that they are due to microvascular
alterations.
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5A.6. Intensive blood pressure lowering increases cerebral blood flow in older
subjects with hypertension

Ford GA, Tryambake D, He J, Firbank M, O’Brien JT and Blamire A

Newcastle University, Newcastle, UK

Introduction: The optimal BP target in older
hypertensives is unclear with concerns that adverse
effects from hypotension may occur with intensive
treatment. The effects of BP lowering on cerebral
blood flow (CBF) are unclear. We used MR arterial
spin labelling to determine the effect of usual and
intensive BP lowering on CBF in older subjects with
hypertension.
Methods: 37 patients 470 yrs with systolic BP
4150 mm Hg on one or no BP lowering drugs
were recruited from primary care and randomised
to usual (o140/85 mm Hg, n¼ 17) or intensive
(o130/80 mm Hg, n¼ 20) treatment regimens. Grey
matter cerebral blood flow (CBF) was measured with
3T MR using a FAIR ASL sequence with Gradient
Echo Planar Imaging at baseline and 12 weeks.

Results: BP at baseline and 12 weeks were; usual
155/84 vs 140/79 mmHg and intensive 149/87 vs
123/70 mm Hg. CBF was unchanged in the usual
treatment group (73 vs 76 ml/100 gm/min, P¼NS)
but increased in the intensive group (81 vs 74 ml/
100 gm/min, Po0.01). CBF change in the intensive
group was greater than in the usual group; 7±11
(mean s.d.) vs �3±9; Po0.01.
Conclusions: Intensive BP lowering in older hyper-
tensives increases cerebral blood flow. These data
suggest that hypertension shifts the autoregulatory
CBF curve rightwards and downwards, that intensive
BP lowering may not increase the risk of syncope in
older people with hypertension, and may protect the
brain against the development of white matter lesions
if white matter perfusion is similarly increased.

Poster abstracts

PA.02. Urinary proteomic diagnosis of coronary artery disease: identification and
clinical validation in 623 subjects

Delles C1, Schiffer E2, von zur Mühlen C3, Peter K4, Rossing P5, Parving HH6, Dymott JA1, Neisius U1,
Zimmerli LU1, Snell-Bergeon JK7, Maahs DM7, Schmieder RE8, Mischak H1,2 and Dominiczak AF1

1University of Glasgow, Glasgow, UK; 2Mosaiques Diagnostics GmbH, Hannover, Germany; 3University of
Freiburg, Freiburg, Germany; 4Baker Heart Research Institute, Melbourne, Australia; 5Steno Diabetes Center,
Gentofte, Denmark; 6University of Copenhagen, Copenhagen, Denmark; 7Barbara Davis Center for Childhood
Diabetes, Aurora, CO, USA and 8University of Erlangen-Nürnberg, Erlangen, Germany

Objectives: We have previously defined urinary
polypeptide patterns to discriminate between pa-
tients with coronary artery disease (CAD) and
controls. Here we studied the urinary proteome in
a total of 623 subjects to further characterise
biomarkers for diagnosis CAD.
Methods: We recruited 138 subjects (71 patients
with severe CAD and 67 controls) and used samples
from another 495 subjects to adjust for concomitant
cardiovascular conditions and to study the effects of
treatment with the angiotensin receptor blocker
irbesartan. CE-MS analysis was performed with a
P/ACE MDQ capillary electrophoresis system
coupled online to micro-TOF-MS.
Results: We defined a pattern of 238 urinary
polypeptides that identified patients with CAD
in the blinded cohort with high sensitivity and
specificity (area under the receiver operator char-
acteristic curve [AUC], 87% [95% CI 81–92%]). The

new pattern was superior to previously developed
15- (AUC 68%; Po0.0001) and 17-marker panels
(AUC 77%, Po0.0001). The sequences of the discri-
minatory polypeptides include fragments of alpha-
1-antitrypsin, collagen types 1 and 3, granin-like
neuroendocrine peptide precursor, membrane asso-
ciated progesterone receptor component 1, sodium/
potassium-transporting ATPase gamma chain, and
fibrinogen-alpha-chain. Several biomarkers changed
significantly towards the ‘healthy’ signature following
2-years treatment with irbesartan (300 mg; n¼ 22),
whereas short term treatment (8 weeks) with irbesartan
(300–900 mg, n¼ 55) did not significantly affect the
polypeptide pattern.
Conclusions: Urinary proteomics identifies CAD with
high confidence and might also be useful for monitoring
the effects of therapeutic interventions. The biomarkers
identified here are likely the result of systemic patho-
physiological processes in atherosclerosis.
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PA.03. Do obese individuals with hypertension have more difficult to
control blood pressure and more end-organ damage than their non-obese
counterparts?

Jesky MD1, Ayers C2, Taylor R2, Thomas ME1 and Dasgupta I1

1Heartlands Hospital, Birmingham, UK and 2University of Birmingham, Birmingham, UK

Introduction: The prevalence of obesity is rising. We
wished to discover whether people with obesity and
hypertension had more difficult to manage blood
pressure (BP) and more evidence of end-organ
damage, especially cardiovascular disease and
chronic kidney disease.
Methods: Patients referred to a hypertension clinic
over eleven years (1998–2009) were identified from
the prospectively collected database (n¼ 1253).
Underweight and diabetic individuals were ex-
cluded. 934 individuals were divided into normal
(n¼ 207), overweight (n¼ 440) and obese (n¼ 467)
groups.
Results: Groups were well matched for age, sex,
ethnicity and smoking status. Mean day-time BP
were not statistically different in the 3 groups. The
obese group had a significantly smaller ‘nocturnal
dip’ in BP than the normal (P¼ 0.04) and overweight
(P¼ 0.02) groups. Overweight (P¼ 0.04) and obese

people (Po0.001) were on more antihypertensive
agents compared with the normal BMI group for the
same level of BP control.
No difference in proteinuria, serum creatinine or
estimated Glomerular Filtration Rate was observed
between the three groups. Overweight (P¼ 0.02) and
obese (Po0.001) groups had significantly greater preva-
lence of left ventricular hypertrophy as measured by
left ventricular mass index on echocardiography.
Conclusions: Overweight and obese individuals had
more difficult to control hypertension, requiring
more antihypertensive agents to achieve similar BP
control. Less ‘nocturnal dip’ on ABPM in the obese
group indicates these individuals are at increased
risk of end-organ damage; indeed both overweight
and obese groups had higher prevalence of left
ventricular hypertrophy. This study showed no
difference in prevalence of kidney disease among
the three groups.

PA.04. The time course of systolic blood pressure in the MRC Older Adults trial

Carr M1, McNamee R1, Pan JX2, Dunn G1 and Cruickshank JK3

1Health Methodology Research Group, University of Manchester, Manchester, UK; 2Mathematics, University
of Manchester, Manchester, UK and 3Cardiovascular Sciences, University of Manchester, Manchester, UK

Systolic blood pressure (SBP) as a predictor of stroke
and other outcomes is currently receiving substan-
tial attention. We report further analysis of the MRC
Older Adults trial in 4396 elderly hypertensive
participants with up to 25 SBP measurement points
over 5.5 years. The trial compared efficacy of SBP
lowering drugs in reducing stroke and other events
after randomisation to: potassium-retaining diuretic,
beta-blocker or placebo.
We applied a two-stage ‘time-to-event’ modelling
approach. As BP readings are prone to measurement
error, analyses using SBP directly are subject to
estimation bias so we model the SBP measures as
longitudinal data using a random effects model to
assess the effect of time and other variables on SBP.
SBP was strongly susceptible to ‘white coat’ effects
adjusted for here as variation that is not a factor in

the natural time course of SBP. We then produced
empirical Bayes predictions of the underlying ‘error-
free’ SBP. A proportional hazards model was then
used to assess the relationship between baseline and
‘current’ predicted SBP and the risk of stroke
occurrence.
SBP measures had a cubic time trend and strong
seasonal variability. Only estimates of current
‘error-free’ SBP (not baseline) had significant
influence on risk with an increase in SBP of
10 mm Hg corresponding to an increase in hazard
of 22.2% (95% C.I.: (8.8%, 37.3%)). When stratify-
ing analyses for different treatment groups, the
significance of current SBP was substantially re-
duced; in the beta-blocker group, an increase in
SBP of 10 mm Hg resulted in a 9.9% reduction in
the hazard.
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PB.01. Meta regression analysis of aortic reflection timing to locate the site of
reflection and to identify its relationship with arterial stiffness and age in
8336 subjects

Shanmuganathan M1, Baksi AJ1, Francis DP1,2, Treibel TA2, Tillin T1,2, Parker K2, Hughes A1,2,
Mayet J1,2 and Davies JE1,2

1International Centre for Circulatory Health, St Mary’s Hospital, London, UK and 2Imperial College London,
London, UK

Introduction: Pressure augmentation is thought to
arise as aortic stiffening leads to the progressively
earlier return of waves from fixed distal reflection
sites. However, several studies dispute this central
tenet of pressure augmentation, and instead report
variation in reflection site with ageing and arterial
stiffness.
Methods: We undertook a meta-analysis to assess
the interaction between the aortic reflection site
with ageing and arterial stiffness. Systematic litera-
ture review was performed to identify studies that
published data on Pulse Wave Velocity (PWV)
and reflection time, from which we calculated the
reflection distance.
Results: We identified 31 studies with 68 cohorts
resulting in the inclusion of 8336 subjects (Age
47±13 years). PWV ranged from 4.86 to 13 metres/

sec, reflection time from 94 to 176 ms and distance
0.40–0.82 metres. Reflection time decreased with
PWV (r¼�0.74, Po0.001) and age (r¼�0.72,
Po0.001), whereas reflection distance increased
with PWV (r¼ 0.80, Po0.001) and age (r¼ 0.42,
Po0.01). As PWV increased from 4.86–13 m/sec,
reflection time decreased by 55 ms, far less than
predicted (106 ms), whilst the refection site ap-
peared to move distally by 31 cm. Furthermore,
reflection distance did not increase with height
(r¼ 0.12, P¼ 0.37).
Conclusion: The aortic reflection site is not fixed to
an anatomical location, as is widely believed, but
instead appears to vary with changes in aortic
stiffness and age. This challenges the conventional
theory and suggests that wave reflection may not be
the principal cause of systolic pressure augmentation.

PB.02. 25-Hydroxy vitamin D concentration is independently associated with
accelerated conduit vessel arterio-sclerosis in South Asians

Webb DR, Khunti K, Lacy P, Gray LJ, Williams B and Davies MJ

University of Leicester, Leicester, UK

Background: South Asians migrating to Northern
latitudes are more susceptible to premature cardio-
vascular disease than expected for given blood
pressure levels. Vitamin D deficiency is common
in this group and may play an important role
mediating vascular wall senescence in response to
central pressure effects.
Methods: A cross-sectional association study. South
Asian (SA) and White European (WE) participants
were randomly recruited from a population-based
diabetes screening programme. Carotid-femoral Pulse

Wave Velocity (cfPWV), biochemistry ((25-OH)VD,
insulin, glucose), anthropometrics and resting blood
pressure were measured under controlled conditions.
Participants: 132 and 125 matched SAs and WEs
aged 40–75 years with a risk factor for Diabetes and
no pre-existing cardiovascular disease or vitamin D
supplements.
Results: Age (mean SA:55.7 vs WE:56.0Years), mean
arterial pressure (MAP SA:97.4 vs WE:99.5) and 5-year
calculated CVD risk (P¼ 0.94, 0.11, 0.43 respectively)
were similar in both groups. cfPWV (ms�1±se) was
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9.32±0.18 in SAs and 8.68±0.13 in WEs (P¼ 0.001).
Conversely (25-OH)VD (nmoll�1±IQR) was lower in
SAs than WEs (21.29±1.22 vs 52.58±2.28 Po0.001).
Age (b¼ 0.55, Po0.01) MAP (b¼ 0.31, Po0.01) anti-
hypertensive treatment (b¼ 0.21, Po0.01), sex (b¼
�0.19, Po0.01), insulin resistance (b¼ 0.20, Po0.01)
and 25-(OH)VD (b¼ �0.18, P¼ 0.02) associated with
cfPWV in SAs after adjustment in multivariate
modelling (R2 0.63–0.69). Linear regression analysis

for age-adjusted cfPWV and MAP demonstrated
differential slopes for plots above and below a vitamin
D cut-off o31.3 nmoll�1 (P¼ 0.02).
Conclusion: Aortic stiffness is increased in Asians
without vascular disease despite conventional risk
profiles which are comparable to age-matched
Whites. This effect may be mediated by a greater
pressure-dependent increase in stiffness in indivi-
duals with vitamin D insufficiency.

PB.03. Exercise has sustained effects to reduce central arterial pulse wave velocity
independent of blood pressure reduction in subjects with high normal resting
blood pressure

Brett SE, Elliott K and Chowienczyk PJ

King’s College London, London, UK

Introduction: A short period of exercise is thought
to have sustained effects on reducing blood pressure
but studies to-date have limited control data.
Aim: To investigate the time course of post exercise
blood pressure reduction and to determine effects of
exercise on arterial stiffness.
Methods: Subjects (n¼ 8, 6 men, age 23–64 years)
with high normal blood pressure or above (137±4.5/
87±2.5 mean±se) on no treatment attended a
temperature controlled clinical laboratory on 3
occasions separated by at least 1 week, using a
randomised 3-phase cross-over design. Blood pres-
sure (Omron), central pulse wave velocity (PWV,
Vicorder) were recorded at baseline (after 20 min rest
supine) and 15, 30, 60, 90, 120, 180, 240 and
300 mins after no exercise, moderate exercise (9 min
50 W) and high intensity exercise (workload in-
creased to exhaustion) on a bicycle ergometer.
Results: There was no significant change in systolic
or diastolic blood pressure after exercise of either

intensity compared to the corresponding change
under identical conditions after rest (Table). How-
ever, PWV decreased after exercise compared to rest.
The mean change (both exercise intensities) in PWV
relative to the change after rest was �1.4±0.3 m/s
over the period 1–4 h post exercise (Po0.01).
Discussion: These results suggest that whilst a
single session of brief exercise has little effect to
lower blood pressure, compared to a similar period
of rest, it does lower central arterial PWV.

PB.04. A novel method to identify microvascular abnormalities from analysis of blood
flow velocity waveforms

Agnew CE1, McCann A1, Lockhart CJ2, Hamilton PK2, McVeigh GE2 and McGivern RC1

1Regional Medical Physics Service, Belfast, UK and 2Department of Therapeutics and Pharmacology, Queen’s
University, Belfast, UK

Flow mediated dilation (FMD) of the brachial
artery is a recognised tool to non-invasively assess
endothelial function1. FMD, following ischemic
stimulus, assesses conduit artery endothelial func-
tion. However, the earliest symptoms of endo-
thelial dysfunction occur in microcirculations2.
In this study, Doppler ultrasound blood velocity

waveforms were analysed to assess the dynamic
response of forearm microcirculation following ische-
mic stimulus.
Wavelets, a spectral analysis technique was used to
quantify the dynamic changes in blood velocity
waveform structure following 5 min brachial artery
occlusion. The study was conducted on a group of

Rest 1–4 h Moderate 1–4 h Intense 1–4 h

DSBP(mm Hg) �1.69±2.45 0.61±2.70 �3.07±3.09
DDBP(mm Hg) �4.66±1.99 �3.21±1.28 �4.21±2.32
DPWV(m/s) 0.59±0.23 �0.53±0.35* �1.18±0.26*

Mean±sem; *Po0.01.
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healthy controls (n¼ 28) and age and sex matched
Type I diabetic subjects (n¼ 38).
Wavelet analysis revealed significant differences
between the study groups. Moreover, the wavelet
parameters were significantly (Po0.05) correlated
with age, duration of DM and typically reported
FMD parameters:

– high-frequencies (43 Hz) negatively with brachial
artery diameters,

– mid-frequencies (3–0.4 Hz) with %FMD and
%GTN,

– mid-low frequencies (1.5–0 Hz) positively with
diastolic shear stress and diastolic mean velocity.

Spectral analysis of brachial artery blood velocity
waveforms identified microvascular abnormalities
at baseline and in response to an ischemic stimulus
in subjects with Type 1 diabetes mellitus.

1. Corretti M. Guidelines for the ultrasound assess-
ment of endothelial-dependent flow-mediated
vasodilation of the brachial artery. A report of
the international brachial artery reactivity task
force. J Am College Cardiol 2002; 39(2): 257–265

2. Park JB, Schiffrin EL. Small artery remodeling
is the most prevalent (earliest?) form of target
organ damage in mild essential hypertension.
J Hypertens 2001; 19(5): 921–930

PB.05. Pressure under blood pressure cuffs in vitro is non-uniform,
related to sub-cuff compliance and shows hysteresis

Naqvi S1, Dias T2 and Lewis PS3

1Textile & Paper, School of Materials, University of Manchester, Manchester, UK; 2School of Art & Design,
Nottingham Trent University, Nottingham, UK and 3Blood Pressure & Heart Research Centre, Stepping Hill
Hospital, Stockport, UK

The interaction between sphygmomanometer cuff
inflation pressure and the pressure measured beneath
was assessed by wrapping cuffs around 44.5 cm long,
42 cm circumference cylindrical mandrels [steel only
{SC} or 5 cm diam. steel with 4 cm thick encompass-
ing foam cylinder (simulating soft-tissue) {FC}].
Pressures at calibrated sensors (Oxford Instruments
or Tekscan) distributed symmetrically at known
positions immediately beneath the cuff were taken

after inflation and then deflation at 20 mm Hg step
intervals from 40 to 140 mm Hg, after stabilisation.
The pressure between cuffs and mandrels varies
non-linearly along and across the cuff, more mark-
edly with increasing inflation pressures and depen-
dent on cuff construction (including Velcro and
inflation tube positions).
(a) Cuff pressure¼ 120 mm Hg. (b) Cuff pressure¼
80 mm Hg.

Pressures under FC           are considerably
higher than under SC         at equal inflation
pressures and show hysteresis, with FC
deflation pressures up to 40 mmHg <
inflation pressures and SC deflation
pressures up to 12 mmHg > inflation
pressures.
Cuff construction and the nature of sub-cuff
tissue may have significant effects on blood
pressure measurement and may explain
some of the variations in non-invasive cuff
BP.

16 sensors at 1 cm intervals along cuff
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PC.01. Different effects of left ventricular hypertrophy secondary to hypertension
and aortic stenosis on wave generation in the coronary arteries

Hadjiloizou N1, Davies J1, Baksi J1, Malik I1, Shai S1, Aguado-Sierra J2, Foale R1, Parker K2, Francis D1,
Hughes A1 and Mayet J1

1International Centre for Circulatory Health, Imperial College Healthcare NHS Trust, St Mary’s Hospital,
London, UK and 2Physiological Flow Unit, Department of Bioengineering, Imperial College London,
London, UK

Subjects with left ventricular hypertrophy (LVH)
have adverse cardiovascular outcomes and abnor-
mal coronary haemodynamics. LVH is a feature
of aortic stenosis (AS) and arterial hypertension
(HT) but little is known regarding the dynamics
of coronary flow in these conditions. The aim
of this study was to quantify the coronary haemo-
dynamics present in these conditions and deter-
mine the contribution of intrinsic (LVH) and
extrinsic (hemodynamic loading, diastolic time)
factors.
Thirty-one patients (mean age 63±12years, 18 female)
with unobstructed coronary arteries, (10 with LVH
and severe AS, 11 with LVH secondary to HT and no
AS (LVHþHT), 10 with no LVH and no AS) under-
went simultaneous pressure and Doppler velocity
measurements in each of the left coronary arteries
to measure coronary pressure and flow and derive
wave intensity.

Despite lower aortic pressure (93±18 mm Hg versus
115±15, Po0.01), AS subjects had higher mean
coronary flow (per gram of LV) than patients with
LVHþHT (3.24±1.20 ml/g versus 0.97±054 ml/g,
Po0.001). AS subjects generated a larger microcircu-
latory-originating diastolic coronary suction wave
than LVHþHT (31.1[20.4–47.4]� 103Wm�2s�2 versus
12.2[8.4–17.5]� 103Wm�2s�2, Po0.05). There was a
negative correlation between LV mass and the
magnitude of the suction wave in subjects without
AS (r¼ �0.49, Po0.03) but a similar relationship
was not seen in AS (r¼ �0.08, P¼ 0.83). In AS the
magnitude of the suction wave correlated with left
ventricular cavity pressure (r¼ 0.84, Po0.001) and
diastolic time (r¼ �0.62, Po0.001).
The enhanced extravascular force in AS over-
whelms any local impairment that might be caused
by ventricular hypertrophy and accounts for the
greatly increased resting coronary flow.

PC.02. Relationships between sleep duration and von Willebrand factor, fibrinogen
and factor VII: Whitehall II study

Miller MA1, Kandala, N-B1, Kumari M2, Marmot MG2 and Cappuccio FP1

1University of Warwick, Clinical Sciences Research Institute, Coventry, UK and 2University College London,
Department of Epidemiology and Public Health, London, UK

Rationale: Sleep is an emerging risk factor for
cardiovascular disease (CVD). The relationship
between sleep duration and haemostatic factors,
important in CVD development, was examined in a
well characterized occupational cohort.
Methods: We examined the relationship between
self-reported sleep duration and von Willebrand
Factor (vWF), fibrinogen and factor VII in 6,400
individuals from the Whitehall II study.
Results: Due to significant gender interactions
(Po0.001), the analysis was stratified by gender.
Following multiple adjustments vWF levels were
significantly higher in men with both short (p6 h
per night; 1.05 [95% CI 1.01–1.08]) and long (X8 h
per night; 1.05 [95% CI 1.02–1.08)]) duration of
sleep compared to those who slept 7 h (Po0.05 for
both). In women, levels of vWF were significantly
higher in individuals who slept X8 h (1.11 [95% CI

1.06–1.16]) as compared with 7 h (Po0.05). This
difference was observed in pre (Po0.05) and post-
menopausal women (Po0.05). A significant non-
linear association was observed in women (P¼ 0.02),
but not in men (P¼ 0.09). No statistically significant
associations between sleep duration and fibrinogen
or factor VII were observed.
Conclusions: Both short and long sleeping men
had higher vWF levels than those that slept 7 h.
In women, there was a significant non-linear
association with the highest levels mainly been
observed in long sleepers, irrespective of menopau-
sal status. No major associations between sleep
and either factor VII or fibrinogen were observed.
Further longitudinal studies are required to
fully investigate possible temporal relationships
between sleep and vWF and possible associated
risk of CVD.
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PC.03. A comparison of the Vicorder apparatus with SphygmoCor device for the
non-invasive assessment of aortic blood pressure: an invasive validation study

Pucci G1, Cheriyan J2, Hubsch A2, Hickson SS2, Watson T2, Schillaci G.1, Wilkinson IB2 and McEniery CM2

1Department of Clinical and Experimental Medicine, University of Perugia, Perugia, Italy and 2Clinical
Pharmacology Unit, Department of Medicine, University of Cambridge, Cambridge, UK

Background: Aortic/central blood pressure (cBP) is
an important determinant of cardiovascular risk. The
SphygmoCor device applies a transfer function to
radial BP waveforms calibrated to brachial systolic and
diastolic BP (bSBP/bDBP) to estimate cBP parameters.
Radial waveforms can be also calibrated to brachial
mean BP (bMBP) and bDBP. Vicorder is a new cuff-
based, operator independent device which converts
bBP waveforms to aortic waveforms to derive cBP.
Objective: to compare cBP estimated by non-inva-
sive (Vicorder & SphygmoCor) devices to invasive
cBP at cardiac catheterization.
Methods: Invasive BP (iBP) was measured in
30 patients (60±11 years, 70% males) undergoing
diagnostic angiography, with a fluid-filled catheter
at the aortic root. Simultaneous measurements were
made using Vicorder and Sphygmocor. Brachial
waveforms (Vicorder) were calibrated to oscillo-
metric bSBP/bDBP; radial waveforms (Sphygmocor)

were calibrated to oscillometric bSBP/bDBP and to
bMBP/bDBP.
Results: Average (±s.d.) bSBP/bDBP was 144(±18)/
80(±10) mmHg. iSBP/iDBP was 136/74(±20/9)
mmHg; Vicorder-derived cSBP (136±17 mmHg) was
in agreement with iSBP (mean DBP 0.2±6.9mmHg,
P¼n.s.), while Vicorder-derived cDBP (80±20 mmHg)
was higher than iDBP (mean DBP 6.3±9.0mmHg,
Po0.001). SphygmoCor bSBP/bDBP-calibrated cSBP
(130±19 mm Hg) underestimated iSBP (mean DBP
�5.8±7.0 mm Hg, Po0.001). SphygmoCor bMBP/
bDBP-calibrated cSBP was higher than iSBP (140±
20 mm Hg, mean DBP 4.1±5.9, Po0.001).
Conclusions: Vicorder apparatus is highly accurate
in non-invasive assessment of cBP compared with
catheter-derived iSBP. SphygmoCor bSBP/bDBP-cali-
brated cSBP was lower than iSBP, while SphygmoCor
bMBP/bDBP-calibrated cSBP was higher. Vicorder
apparatus provides clinically useful values of cSBP.

PC.04. Comparative study of antihypertensive drug regimens and long-term
outcomes in the Glasgow Blood Pressure Clinic

Li WS, Paul L, Walters M, Muir S, Dominiczak AF, McInnes GT and Padmanabhan S

University of Glasgow, Glasgow, UK

Aim: To investigate the relationship between anti-
hypertensive regimen and mortality in a long-term
follow up study of hypertensive patients.

Methods: We studied the effects of various anti-
hypertensive treatment regimens on mortality in
the tertiary Glasgow Blood Pressure Clinic (GBPC).
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Patients were classified according to the treatment
regimen they had maintained for the longest
period of time between their 2nd and 5th years of
follow up. Classification was based on the 4 major
antihypertensive drug groups (ABCD). Treated pa-
tients not on any ABCD drug were grouped into one
category. Survival analysis was performed using a
Cox proportional hazards model adjusting for con-
ventional covariates and epochs defined by publica-
tion of major UK hypertension treatment guidelines.
Results: During 20 years of follow up, there were
1546 deaths among the 5467 patients included in

the study (mean age¼ 53 years, males¼ 48% at entry
into the study). The mean reduction in systolic
blood pressure during follow up was 25 mm Hg.
Patients on BD combination showed the highest,
while patients on AD had the lowest mortalities.
Compared to AD combination, all of the other
regimens were associated with higher mortality.
(Figure 1).
Conclusion: In the GBPC cohort, AD combina-
tion is associated with lower all-cause mortality
when compared to all other antihypertensive drug
strategies.

PD.01. Endothelial function relates more closely to renin status than to self-defined
ethnicity

Connell K, Donald A and Chowienczyk P

King’s College London, London, UK

Endothelium-dependent vasomotor function medi-
ated by endothelium-derived nitric oxide (EDNO)
has been reported to be reduced in black African
and black Caribbean compared to white subjects.
Plasma renin activity (PRA) is also thought to
vary according to ethnicity. The aim of this study
was to determine if endothelial function relates
to PRA and hence whether differences in endo-
thelial function in different ethnic groups might
be explained by PRA. We examined the relation-
ship between flow mediated dilation (FMD) of
the brachial artery, a measure of EDNO availability,
to PRA in 120 apparently healthy volunteers (76 Black)
aged 18–55 years on no regular medication. All
subjects performed 24 urinary collections to assess
sodium intake. PRA was measured in the morning
after 15min lying supine. Blood pressure was measured

seated according to British Hypertension Society
guidelines using an oscillometric method. FMD was
measured in the brachial artery using high resolu-
tion ultrasound. Age, blood pressure, lipid profiles
and 24 h urinary sodium excretion did not differ
significantly between black and white subjects. PRA
was marginally lower in black compared to white
subjects (median 0.6 [interquartile range 0.4–1.1]
vs 0.9 [0.7–0.9] ng.ml�1.hr�1, P¼ 0.05). FMD was
not significantly different between black and white
subjects. However, FMD was correlated to log-
transformed PRA (R¼ 0.36, Po0.01) and in multi-
ple regression analysis, incorporating self-defined
ethnicity, PRA was the only independent correlate of
FMD. These results suggest a relationship between
FMD and PRA that is not explained by sodium
intake.

PD.02. Flow-mediated dilatation of the brachial artery is a poorly reproducible
indicator of microvascular function in type I diabetes mellitus

Hamilton PK1, Lockhart CJ1, McCann A2, Agnew C2, McGivern RC2 and McVeigh GE1

1Queen’s University Belfast Department of Therapeutics and Pharmacology, Belfast, UK and 2Northern Ireland
Regional Medical Physics Agency, Belfast, UK

Flow-mediated dilatation (FMD) of the brachial
artery is often measured as a surrogate for endothe-
lial nitric oxide production. There are conflicting
reports in the literature regarding FMD in diabetes,
and concerns have been raised over the reproduci-
bility of this measure.
To investigate reproducibility of FMD, two studies
were conducted sequentially using similar proto-
cols. The only differences between studies were the

operator (different single operator for each study)
and the ultrasound machine used (different single
machine for each study). 72 subjects with well-
controlled type I diabetes (33 in study one, 39 study
two) and 71 healthy control subjects (32 in study
one, 39 study two) had FMD measured using a
standard protocol.
Subjects with diabetes and controls were well
matched within and between studies. In Study 1,
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FMD was significantly impaired in subjects with
diabetes (median 4.35%, IQR 3.10–4.80 vs 6.50,
4.79–9.42, Po0.001). In Study 2 however, no
difference was detected between groups (4.21%,
1.77–6.12 vs 4.84, 2.96–10.69, P¼ 0.053). When the
first ten pulse waveforms following cuff deflation
were averaged and analysed using the wavelet
transform (a method of accurately characterising
the component frequencies of a waveform), abnorm-

alities were detected in signals recorded from
subjects with diabetes in both studies.
When FMD was compared between two groups of
well-matched healthy control subjects and subjects
with diabetes using identically trained operators
and similar protocols, contradictory results were
found. Serious concerns over the reproducibility of
results when FMD is measured as an indicator of
endothelial function must be raised.

PD.03. Wavelet analysis of blood velocity waveforms identifies abnormalities not
detected using flow-mediated dilatation in the forearms of patients with grade 1
hypertension

Hamilton PK1, McCann A2, Agnew C2, McClenaghan V1, McGivern RC2 and McVeigh GE1

1Queen’s University Belfast Department of Therapeutics and Pharmacology, Belfast, UK and 2Northern
Ireland Regional Medical Physics Agency, Belfast, UK

Detecting early vascular abnormalities in patients
with ‘mild’ hypertension might be helpful in deciding
who to treat. Flow-mediated dilatation (FMD) of the
brachial artery is often measured as a surrogate for
endothelial nitric oxide production, and may be useful
for this purpose.
25 subjects with grade 1 hypertension without vascu-
lar complications were compared with 33 controls.
FMD was measured using a standard protocol. A
Doppler ultrasound examination of blood flow in
the brachial artery was also performed at baseline
and for 30 s after cuff deflation. Maximum blood
flow velocity waveforms were analysed using the
discrete wavelet transform. Data were categorized
into eleven frequency bands.
Brachial artery diameters were comparable between
groups at baseline, and no difference in FMD was
noted between groups (P¼ 0.311). When waveforms

were compared at baseline, the amplitude was
lower for subjects with hypertension than controls
in bands one (P¼ 0.005), two (P¼ 0.022), four
(P¼ 0.007), five (P¼ 0.012) and seven (Po0.001).
There was a trend towards lower amplitude for
subjects with hypertension in band 8 (P¼ 0.063).
When the first ten waveforms post-cuff release
were averaged, the amplitude was higher for subjects
with hypertension than controls in bands three
(P¼ 0.000), eight (P¼ 0.008) and nine (P¼ 0.000),
and lower in band seven (P¼ 0.000). There was a
trend towards lower amplitude for subjects with
hypertension in band ten (P¼ 0.097).
FMD did not differ between groups. Changes in
pulse waveform structure may simply reflect differ-
ences in blood pressure, but could also relate to
conduit vessel or microvascular disease, and war-
rant further investigation.

PD.04. Descending aortic compared with aortic arch pulse wave velocity stratifies
ethnic–specific cardiovascular risk, improving on pressure-related estimates

Rezai M1, Cowan B3, Young A3, Sherratt N4, Finn JD2, Wu F2 and Cruickshank JK1

1Cardiovascular Research Group, University of Manchester, Manchester, UK; 2Department of Medicine,
Manchester Royal Infirmary, Manchester, UK; 3Auckland MRI Research Group, Auckland, New Zealand and
4Wellcome Trust Clinical Research Facility, Manchester, UK

Introduction: Regional changes in magnetic reso-
nance-imaged (MR) aortic stiffness may be a highly
sensitive method of detecting early differences in
cardiac, atheromatous and directly blood pressure
(BP)-related vascular pathology. We used MR to
examine how ethnicity and distending pressures
affected aortic arch compared with descending
aortic pulse wave velocity (PWV) in local African-
Caribbean (AfC), South Asian (SA) and European
men.

Methods: Standard MR protocols were used to
measure PWV in the arch and descending aorta to
its bifurcation in 50 asymptomatic, medication-free
community dwelling AfC (n¼ 17, age: 52.2±6yr),
SA (15, 52.1±6) and Europeans (18, 53.5±6) from
the European Male Ageing Study.
Results: Age and heart rate- adjusted mean±s.e. of
systolic and pulse BPs (mm Hg) were not signifi-
cantly different in AfC (130±4, 47±2), SA (129±4,
48±2) and Europeans (127±4, 49±2), respectively.
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Descending aortic PWV (m/s) was higher in SA
(7.7±0.6) than in AfC (6.3±0.3) and Europeans
(6.2±0.4)—Po0.03. In multiple regression, with
effects of age (b¼ 0.1, 95%CI: 0.02–0.18, P¼ 0.01)
and systolic BP (0.04, 0.01–0.08, P¼ 0.02); AfC
(�1.3, �2.4 to �0.17, P¼ 0.03) and WE (�1.5,�2.6
to �0.4, P¼ 0.02) versus SA ethnicity were signifi-
cantly associated with lower descending PWV—
R2¼ 0.35.

Mean±s.e. of arch PWV (m/s) did not differ sig-
nificantly; AfC: 7.7±0.7, SA: 7.4±0.8 and WE:
6.7±0.4, in a similar regression model. Substi-
tuting central BPs made no difference to these
results.
Conclusions: Descending aortic but not arch PWV
here described cross-ethnic CHD risk differences
better than distending BPs and might offer a more
precise intervention target.

PD.05. The effects of soft tissue compliance (STC) on differences in systolic blood
pressure measured by auscultation and oscillometry

Java K1, Cowan J1, Yee KW1 and Lewis PS2

1Manchester University Medical School, Manchester, UK and 2Blood Pressure & Heart Research Centre,
Stepping Hill Hospital, Stockport, UK

36 subjects with BMI X19p25 kg/m2 (Mean 22.5±2
and 36 with BMI X30 kg/m2 (Mean 37.4±5.5 s.d.) had
STC assessed by applying an Accoson Adjustacuff
with length preset to the mid-upper arm circumfer-
ence (UAC), then inflated to a fixed 50 mm Hg
measured on an Accoson Greenlight 300. 3 additional
volumes of 10 ml air were injected via a 3-way tap into
the cuff tube and cuff pressure measured after each
addition. STC was calculated as the reciprocal of (the
difference between the cuff pressures after the first and
third additions)/20 ml/mm Hg. Calliper mid-upper
arm skin fold thickness (SFT) and body fat percentage
(%BF) [Maltron BT-905] were also measured.
Blood pressure was measured with 6 simultaneous
readings at one-minute intervals by oscillometry
(Huntleigh Smartsigns) and by auscultation over the
brachial artery (Korotkoff I/V).

In stepwise linear regression, UAC was the only
significant independent risk factor predicting OSBP
(R¼ 0.50, Po0.001) and ASBP (r¼ 0.38, Po0.001).
Oscillometric SBP (OSBP) was significantly greater
than auscultatory SBP (ASBP) overall and within
groups (Po0.001).
The difference OSBP-ASBP was significantly related
to BMI (R¼ 0.34, P¼ 0.003), %BF (R¼ 0.34, P¼ 0.003),
UAC (R¼ 0.56, Po0.001), SFT (R¼ 0.28, P¼ 0.017)
and STC (R¼ 0.58, Po0.001). In a stepwise linear
regression, STC was the only independent factor
predicting OSBP-ASBP.
Conclusion: Soft tissue compliance affects systolic
blood pressure differences measured by oscillome-
try cf. auscultation and may require consideration in
assessing validation of oscillometric blood pressure
monitors.

PE.01. Insulin resistance by euglycaemic clamp predicts rise in blood pressure over
three years in healthy European adults

Petrie J1, Balkau B2, Ferrannini E3 and Natali A3

1University of Glasgow, Glasgow, UK; 2INSERM U-780, Paris, France and 3University of Pisa, Pisa, Italy

Background: Age, baseline BP and weight change
are the principal known predictors of change in

blood pressure (BP) over time. Insulin resistance has
been implicated as a factor contributing to the

BMI
Kg/m

Age Sex Skin-fold
thickness cm

Body
fat %

STC
ml/ mm Hg

Av SBP
Auscultatory

mm Hg

Av SBP
Oscillometrc

mm Hg

Gp1 (s.d.) 37.4 (5.5) 60.1 (13.7) 7 M 29 F 24.16 (10.53) 45.76 (9.31) 1.61 (0.52) 124.7 (15.5) 131.2 (14.7)
Gp2 (s.d.) 22.5 (2) 37.6 (17.3) 14 M 22 F 15.72 (6.19) 27.9 (8.94) 0.93 (0.28) 109.2 (13.0) 112.5 (13.7)
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pathophysiology of hypertension in people with and
without diabetes, although previous studies have been
cross-sectional and/or based on surrogate measures.
Methods: We examined whether insulin resistance
predicts change in BP over time in the Relationship
between Insulin Sensitivity and Cardiovascular
disease (RISC) study, a prospective cohort of non-
hypertensive non-diabetic men and women (age 30–
60 years, BMI 17–44 kg/m2) from 18 European
centres characterised at baseline for insulin sensi-
tivity (M/I) using a hyperinsulinaemic euglycaemic
clamp. Full data at baseline and three years were
available for this analysis from 952 participants; 35
who had been commenced on BP-lowering treat-
ment since baseline examinations were excluded.

Results: In linear regression models, M/I predicted
change in systolic BP (sBP, OMRON 705-CP in
triplicate) over three years independently of age,
study centre, baseline sBP and percentage weight
gain/ BMI. When participants were categorised into
tertiles of baseline insulin sensitivity (low¼ 1,
intermediate¼ 2 and high¼ 3), mean±s.d. adjusted
sBP at follow-up was 123±7.8 (1), 119±8.5 (2), and
119±8.6 mm Hg (3) (ANOVA Po0.001; Tukey post
hoc Po0.001 tertile 1 vs 2 and 1 vs 3, P¼NS for 2 vs
3). Findings were similar for diastolic BP.
Conclusion: Clamp insulin resistance predicts
change in BP within the normal range over three
years in healthy European adults, independently of
standard Framingham predictors.

PE.02. Modest reduction in salt intake lowers blood pressure and urinary albumin
excretion in individuals with impaired glucose tolerance and type II diabetes

Suckling RJ1, He F2, Markandu N2 and MacGregor G2

1St George’s University of London, London, UK and 2Wolfson Institute of Preventative Medicine, London, UK

Reducing salt intake lowers blood pressure (BP),
irrespective of initial BP levels. Tight BP control in
diabetics lowers the risk of cardiovascular disease
and slows the progression of kidney disease. Despite
this there are limited trials of salt reduction in
diabetics. We carried out a randomized double-blind
crossover trial of salt restriction with placebo or
slow sodium, each for 6 weeks in 26 diet controlled
type 2 diabetics (T2DM) and 20 individuals with
impaired glucose tolerance (IGT) with untreated
normal or mild hypertension.
24 h urinary sodium was reduced by 49±9 mmol/
24 h, equivalent to 2.9 g/day salt. This modest salt
reduction significantly lowered systolic BP from
135.5±2.0 mm Hg to 131.2±1.9 mm Hg, a fall of
�4.2±1.5 mm Hg (Po0.01). Diastolic BP was re-
duced from 81.3±1.1 mm Hg to 79.7±1.2 mm Hg,
a reduction of �1.7±0.9 mm Hg, with borderline

significance (P¼ 0.055). Ambulatory BP was low-
ered, with daytime BP reduced by �3.3±0.9/�1.7±
0.9 mm Hg, night time BP by �4.3±1.2/�2.3±
0.9mmHg and 24h BP by�3.3±0.9/�1.8±0.8mmHg.
Although 24 h urinary albumin was reduced from
4.7 (IQR 3.2–12.1) mg/24 h on slow sodium to 4.2
(IQR 2.8–8.2) mg/24 h on placebo, this reduction did
not reach significance (P¼ 0.185). However, ACR
was reduced by 12% from 0.73 (IQR 0.5–1.5) mg/
mmol on slow sodium to 0.64 (IQR 0.3–1.1) mg/
mmol on placebo (P¼ 0.014).
Conclusions: A modest reduction in salt intake in
T2DM and IGT causes significantly falls in BP. The
small reduction in urinary ACR possibly has addi-
tional benefits on reducing both renal and cardio-
vascular disease. These findings support the
reduction of salt intake in diabetes, as recommended
in hypertension guidelines, to less than 6 g/day.

PE.04. HiLo: a health services intervention study: methods and interim results on
the first 2000 patients at 1 year

Collier DJ1, Robson J2, Scott R1, Will CM3, Eldridge SE2, Griffiths CJ2, Badrick E2, Saxena M1,
Richards S4 and Caulfield MJ1

1William Harvey Research Institute, Barts and The London School of Medicine, London, UK; 2Institute of
Community Health Sciences, Barts and The London School of Medicine, London, UK; 3Department of
Sociology, University of Sussex, Brighton, UK and 4Tower Hamlets Primary Care Trust, London, UK

Blood pressure and lipid control levels achieved
in RCT’s like ASCOT are difficult to replicate in
normal practice. HiLo is a complex trial that
analysed differences between local general practice

and the Barts centre for ASCOT, developed and
piloted two interventions and is now compar-
ing them in a 2� 2 factorial cluster randomised
study.
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After an initial practice meeting and GP consent,
EMIS searches for SBP 4160 mm Hg in the last year
and/or Total cholesterol 45 mmol/l in patients with
codes for IHD, CVD, diabetes or hypertension are
applied followed by 2 further filters to identify
which patients may be in need of further treatment.
GP’s then consent to problem list flagging of patients
for 12 months.
All GP practices have HiLo flags for patients, but are
then randomised to either of the interventions, both
or neither (1:1:1:1). Case management and/or Clin-
ician Educational Support interventions are then
delivered to the practice.
Blood pressure drug treatment intensity and BP
levels, and total cholesterol levels and treatment
intensity are recorded every 3 months for a year.
To assess progress of the whole cohort an interim
analysis of the entire HiLo group was performed
when 2000 patients completed 1 year. This does not
separate practices by intervention and merely

checks for change over 1 year regardless of assigned
group.

Blood pressure change at 1 year HiLo and ASCOT BPLA
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