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Abstract

Identifying and treating high blood pressure in men under
55 years with grade 1 hypertension: the TREAT CASP study
and RCT

Bryan Williamso ,1,2* Ewan McFarlaneo ,1 Dawid Jedrzejewskio 1

and Peter S Lacyo 1,2

1University College London Institute of Cardiovascular Science, University College London,
London, UK

2National Institute for Health Research University College London Hospitals Biomedical Research
Centre, London, UK

*Corresponding author bryan.williams@ucl.ac.uk

Background: There is uncertainty regarding whether or not younger (i.e. aged < 55 years), low-risk patients
with grade 1 hypertension (i.e. a clinic blood pressure of 140–159/90–99mmHg) should be treated with
blood pressure-lowering medication. This is a heterogeneous group of patients because of variation in
systolic/pulse pressure amplification from the central aorta to the brachial artery. It is hypothesised that within
grade 1 hypertension, patients can be divided into those with high central aortic systolic pressure and those
with low central aortic systolic pressure.

Objectives: The aims of this study were to (1) evaluate whether or not non-invasive central aortic systolic
pressure measurement can better identify younger patients with grade 1 hypertension, who are more likely
to have an increased left ventricular mass index; and (2) determine whether or not blood pressure lowering
regresses early cardiac structural change in patients with high central aortic systolic pressure.

Setting: A university hospital with satellite primary care recruitment sites.

Participants: A total of 726 men (aged 18 to < 55 years) were screened to identify 162 men with grade 1
hypertension and low or high central aortic systolic pressure. Blood pressure status was classified according
to seated clinic blood pressure, central aortic systolic pressure and 24-hour ambulatory blood pressure.

Design: (1) Evaluating the strength of the correlation between central aortic systolic pressure, clinic blood
pressure and 24-hour ambulatory blood pressure with left ventricular mass index in 162 patients; (2) a
12-month randomised controlled trial in patients with grade 1 hypertension and high central aortic systolic
pressure (i.e. a central aortic systolic pressure of ≥ 125 mmHg) (n = 105), using a prospective, open, blinded,
end-point design; and (3) a 12-month observational study in 57 patients with grade 1 hypertension and low
central aortic systolic pressure (i.e. a central aortic systolic pressure of < 125 mmHg).

Interventions: Randomised controlled trial – patients with high central aortic systolic pressure randomised
to blood pressure lowering medication (50–100 mg of losartan ± 5–10 mg of amlodipine once daily) versus
usual care (no treatment) for 12 months.

Main outcomes: Randomised controlled trial primary end point – change in left ventricular mass index as
measured by cardiac magnetic resonance imaging, comparing treatment with no treatment.
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Results: (1) At baseline, left ventricular mass index was higher in men with high central aortic systolic
pressure than in those with low central aortic systolic pressure (mean ± standard deviation 67.9 ± 8.8 g/m2

vs. 64.0 ± 8.5 g/m2; difference 4.0 g/m2, 95% confidence interval 1.1 to 6.9 g/m2; p < 0.01). Central
aortic systolic pressure was not superior to clinic blood pressure as a determinant of left ventricular mass
index. Univariate analysis, regression coefficients and slopes for left ventricular mass index were similar
for clinic systolic blood pressure, ambulatory systolic blood pressure and central aortic systolic pressure.
(2) In the randomised controlled trial, blood pressure-lowering treatment reduced central aortic systolic
pressure (–21.1 mmHg, 95% confidence interval – 24.4 to –17.9 mmHg; p < 0.001) and clinic systolic
blood pressure (–20.0 mmHg, 95% confidence interval – 23.3 to –16.6 mmHg; p < 0.001) versus no
treatment. Treatment was well tolerated and associated with a greater change (i.e. from baseline to study
closeout) in left ventricular mass index versus no treatment [–3.3 g/m2 (95% confidence interval –4.5 to
–2.2 g/m2) vs. –0.9 g/m2 (95% confidence interval –1.7 to –0.2 g/m2); p < 0.01], with a medium-to-large
effect size (Cohen’s d statistic –0.74). (3) Patients with low central aortic systolic pressure had no significant
change in left ventricular mass index after 12 months (mean change –0.5 g/m2, 95% confidence interval
–1.2 to 0.2 g/m2; p = 0.18).

Conclusions: Men with grade 1 hypertension and high central aortic systolic pressure tended to have higher
clinic blood pressure and more hypertension-mediated cardiac structural change than those with low central
aortic systolic pressure. Central aortic systolic pressure was not superior to clinic blood pressure or ambulatory
blood pressure at stratifying risk of increased left ventricular mass index. Blood pressure-lowering treatment
led to a regression of left ventricular mass index in men with grade 1 hypertension and high central aortic
systolic pressure compared with no treatment.

Limitations: The study was limited to a moderate sample of men and there was a low prevalence of very
high amplification.

Future work: Evaluating effects of blood pressure lowering on cardiac function.

Trial registration: Current Controlled Trials ISRCTN09502665.

Funding: This project was funded by the Efficacy and Mechanism Evaluation programme, a Medical
Research Council and National Institute for Health Research (NIHR) partnership and will be published in
full in Efficacy and Mechanism Evaluation; Vol. 6, No. 13. See the NIHR Journals Library website for further
project information.
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Plain English summary

H igh blood pressure (i.e. hypertension) increases the risk of heart disease, stroke and premature death. It is
uncertain whether or not younger people with mild hypertension would benefit from drug treatment to

lower their blood pressure. An accurate way to check whether or not hypertension might be causing harm
is to measure the thickness of the wall of the heart using magnetic resonance imaging. This study developed
a way of measuring pressure close to the heart using mathematical computation of the pulse at the wrist,
which was called central aortic systolic pressure (or CASP for short). It was speculated that measurement of
central aortic systolic pressure would provide an accurate way of identifying patients with high pressure close
to the heart, who have early evidence of strain on the heart. The study proposed that in younger people with
high central aortic systolic pressure the effects of pressure on the heart could be reversed with treatment to
lower their blood pressure.

Younger men (i.e. those aged < 55 years) with mild hypertension and high pressure close to the heart
(central aortic systolic pressure) took part in our study. Magnetic resonance imaging of their hearts showed
that men with a high central aortic systolic pressure level had thicker heart muscle than those with lower
central aortic systolic pressure. This thickening is evidence that the higher pressure is causing strain and early
damage to the heart. To see if this could be reversed, half of the patients were randomly selected to take a
tablet to lower their blood pressure and the other half of the patients took no treatment. After 12 months’
follow-up, thickening of the heart was significantly reduced in men who were treated compared with men
who were not.

Central aortic systolic pressure did not prove to be superior to usual blood pressure measurements in
predicting the thickness of the heart. This study provides evidence that in previously untreated younger
people with mild hypertension, the pressure on the heart causes damage that is reversible with blood
pressure-lowering treatment.
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Scientific summary

Background

High blood pressure is a major risk factor for cardiovascular-related morbidity and mortality. A substantial
body of evidence demonstrates the benefit of blood pressure lowering in reducing risk and premature
morbidity and mortality. Blood pressure is routinely measured over the brachial artery. However, the
pressure pulse is amplified to a variable degree from the aortic root to the brachial artery, particularly
systolic blood pressure. Thus, brachial systolic blood pressure is usually higher than central aortic systolic
pressure (also known as CASP) and the two may differ markedly, especially in younger people in whom
amplification is higher and more variable than in older people. Consequently, younger patients with similar
brachial systolic blood pressure levels may show considerable differences in central aortic systolic pressure.
This may have clinical consequences for young people with mildly elevated brachial blood pressure in
whom central aortic systolic pressure may or may not be elevated. In extreme cases, elevated brachial
blood pressure with a normal central aortic systolic pressure has been termed ‘spurious systolic
hypertension of youth’. Whether this is benign or associated with elevated risk remains controversial.

Central aortic systolic pressure can be derived non-invasively by mathematical computation using an n-point
moving average acting as a simple low-pass filter. In this, arterial pressure waveforms sampled over the wrist
using a sensitive pressure sensor and calibrated to a contemporaneous measurement of brachial blood pressure
are processed using the moving average. Prior studies have shown that this method estimates central aortic
systolic pressure accurately when compared with direct invasive measurement of aortic pressures.

There is considerable uncertainty about whether or not to offer blood pressure-lowering therapy to younger
patients (i.e. those patients aged < 55 years) with grade 1 hypertension (i.e. a brachial blood pressure of
140–159/90–99mmHg), especially those without overt cardiovascular disease or hypertension-mediated organ
damage. This study aimed to test whether or not measurement of central aortic systolic pressure could be used
to stratify younger patients for treatment based on the hypothesis that patients with grade 1 hypertension and
high central aortic systolic pressure (≥ 125mmHg) would have early evidence of hypertension-mediated cardiac
structural remodelling (i.e. a greater left ventricular mass index) versus those patients with low central aortic
systolic pressure (< 125mmHg). The cut-off point for central aortic systolic pressure (≥ 125mmHg) was derived
from data in a meta-analysis of all clinical studies published up to 2014 reporting brachial systolic blood pressure
and central aortic systolic pressure. If the hypothesis was proven, that is, that people with grade 1 hypertension
and high central aortic systolic pressure show early evidence of cardiac structural change, a randomised
controlled trial comparing blood pressure-lowering treatment versus no treatment (usual care) would be
warranted. The randomised controlled trial would test the second hypothesis that treatment to lower blood
pressure will regress early cardiac structural change in patients with grade 1 hypertension and high central
aortic systolic pressure.

Confirmation of an association between high central aortic systolic pressure and increased left ventricular
mass index at baseline, prior to commencing a randomised controlled trial, was included as a study
stop–go criterion. Left ventricular mass index was selected as the primary outcome measure because this is
a well-validated pressure-sensitive outcome that has been extensively characterised as a potent predictor
of increased cardiovascular risk and mortality. The study included only men because of the complexity of
conducting a drug treatment study in women of childbearing age. To determine whether or not there was
progression of left ventricular mass index with time in patients with grade 1 hypertension and low central
aortic systolic pressure, a parallel observational study was undertaken in this group.

DOI: 10.3310/eme06130 EFFICACY AND MECHANISM EVALUATION 2019 VOL. 6 NO. 13

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Williams et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xix



Objectives

The TREAT CASP study aimed to test the hypothesis that non-invasive central aortic systolic pressure
measurement identifies young men with grade 1 hypertension with early cardiovascular structural change,
who are likely to benefit from antihypertensive treatment. Two study objectives were specified:

1. to compare left ventricular mass index in younger men with grade 1 hypertension and no other
cardiovascular disease, stratified by central aortic systolic pressure status (high vs. low central aortic
systolic pressure) from a screening study in the general population

2. to investigate whether or not blood pressure-lowering treatment reduces left ventricular mass index in a
randomised controlled trial of blood pressure-lowering treatment versus no treatment (usual care) in
younger men with high central aortic systolic pressure.

First phase of the study: relationship between central aortic systolic
pressure and left ventricular mass index

The first objective of the study was to determine whether or not central aortic systolic pressure was related
to left ventricular mass index, as assessed by cardiac magnetic resonance imaging, and, specifically, whether
or not high central aortic systolic pressure was associated with a greater left ventricular mass index than
low central aortic systolic pressure. This formed the stop–go checkpoint for progression to the randomised
controlled trial. The first phase of the study also allowed evaluation of whether or not central aortic systolic
pressure was more strongly related to left ventricular mass index than conventional clinic blood pressure or
ambulatory blood pressure, which would suggest that central aortic systolic pressure measurement may be
a better means of stratifying younger patients with grade 1 hypertension for treatment.

Second phase of the study: randomised controlled trial to determine
whether or not reducing central aortic systolic pressure in patients
with high central aortic systolic pressure leads to a reduction of left
ventricular mass index versus no treatment

Primary outcome of the randomised controlled trial
The primary outcome of the TREAT CASP randomised controlled trial was the change in left ventricular
mass index, as measured by cardiac magnetic resonance imaging, evaluated between baseline and study
closeout (i.e. 12 months following treatment initiation), comparing blood pressure-lowering treatment with
usual care (no treatment) in participants with high central aortic systolic pressure. Left ventricular mass
index is expressed as left ventricular mass (g) indexed to body surface area and expressed as g/m2.

Methods

This was a two-stage study in untreated younger (i.e. aged < 55 years) men with grade 1 hypertension and
no other cardiovascular disease or evidence of hypertension-mediated organ damage.

Stage 1: screening study
A cross-sectional screening study was undertaken in men with grade 1 hypertension recruited from the
community and stratified by central aortic systolic pressure (high vs. low central aortic systolic pressure).
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Inclusion criteria
Inclusion criteria were men who:

l were aged 18 to < 55 years
l had a clinical diagnosis of grade 1 hypertension based on a seated clinic blood pressure of 140–159/

90–99 mmHg, and/or 24-hour ambulatory blood pressure monitoring
l were receiving no antihypertensive therapy (for at least the previous 3 months)
l were without evidence of hypertension-mediated organ damage, established cardiovascular disease,

diabetes mellitus or chronic kidney disease on routine clinical screening
l for the randomised controlled trial, had a central aortic systolic pressure of ≥ 125 mmHg
l were able to provide written informed consent.

Exclusion criteria
Exclusion criteria included:

l women of any age
l men –

¢ with grade 1 hypertension with hypertension-mediated organ damage, established cardiovascular
disease, diabetes mellitus or chronic kidney disease

¢ with white coat hypertension (i.e. normal blood pressure on 24-hour ambulatory blood pressure
monitoring daytime mean blood pressure of < 135/85 mmHg)

¢ with secondary hypertension
¢ in whom it is not possible to measure brachial blood pressure
¢ with atrial fibrillation or other significant pulse rhythm irregularity precluding accurate measurement

of brachial blood pressure and central aortic systolic pressure
¢ with previous hypersensitivity to antihypertensive drugs planned for use in the randomised

controlled trial
¢ unwilling to undergo, or with a contraindication to, magnetic resonance imaging scanning
¢ with any clinical condition the investigator considers unsuitable for trial participation
¢ unwilling or unable to provide written informed consent.

Recruited participants underwent a detailed cardiovascular investigation including measurement of blood
pressure, height, weight, waist and hip circumference, and body fat, electrocardiography, and blood
and urine tests. Recruited participants undertook questionnaires regarding lifestyle, medical history,
socioeconomic status, exercise, smoking, ethnicity, diet and a cardiovascular risk calculation (QRISK®;
ClinRisk, Leeds, UK). Brachial systolic blood pressure was measured using a validated oscillometric device
(OMRON 705CP-II; Omron Corporation, Kyoto, Japan). Central aortic systolic pressure was measured by
applanation tonometry over the radial artery using the BPro® device (Healthstats International Pte Ltd,
Singapore). The BPro device incorporates a high-fidelity tonometer (with a sampling frequency of 60 Hz),
which was used to collect 10-second samplings of radial waveforms. Sampled waveforms were ensemble-
averaged, calibrated to brachial systolic and diastolic blood pressure (measured within 60 seconds) and
central aortic systolic pressure was derived by applying an n-point moving average.

Stage 2: randomised controlled trial and observational study
To confirm that any increase in left ventricular mass index was due to hypertension, and that treatment
would be beneficial at regressing left ventricular mass index, a randomised controlled trial was undertaken
in patients with high central aortic systolic pressure. Patients with high central aortic systolic pressure were
randomly assigned (internet-based simple 1 : 1 randomisation; sealed envelope™; Sealed Envelope Ltd,
London, UK; www.sealedenvelope.com; accessed 1 February 2017) to blood pressure-lowering treatment
versus no treatment (usual care) and followed up for 12 months. Treatment comprised standard blood
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pressure-lowering medication recommended by national guidelines (50 mg of losartan daily up-titrated
to 100 mg with the addition of 5 mg of amlodipine daily if necessary) and was titrated to reduce central
aortic systolic pressure by at least 5 mmHg, a reduction previously shown to reduce risk for cardiovascular
events and stroke in older, higher-risk patients. A prospective, open, blinded, end-point study design was
used because of the need to titrate open-label treatment in the intervention arm.

The primary outcome was the change in left ventricular mass index (baseline to study closeout), comparing
treatment versus no treatment. Left ventricular mass index at baseline and study closeout was measured
using a five-element phased-array coil setup on a 1.5-tesla magnetic resonance imager (MAGNETOM®

Avanto; Siemens Healthineers AG, Erlangen, Germany). In addition to the primary outcome, a number of
secondary outcomes were prespecified, including:

l changes in cardiac magnetic resonance imaging left ventricular functional parameters (systolic and
diastolic function) with treatment

l changes to additional markers of hypertension-mediated organ damage, including retinal vasculature
urine albumin excretion, pulse wave velocity and cardio-ankle vascular index.

Measurement of ambulatory blood pressure and its relationship to left ventricular mass index was also
prespecified as a secondary outcome.

Patients with grade 1 hypertension and low central aortic systolic pressure at baseline (i.e. a central aortic
systolic pressure of < 125 mmHg) were entered into a 12-month observational follow-up study to determine
the natural progression of left ventricular mass index, testing the hypothesis that low central aortic systolic
pressure was benign and did not require treatment because:

l the elevated brachial systolic blood pressure in these patients was spurious as a result of
physiological amplification

l these patients would have a lower left ventricular mass index at baseline versus a high central aortic
systolic pressure

l there would be no progression of left ventricular mass index on cardiac magnetic resonance imaging
after 12 months.

Results

Stage 1: screening study
A total of 726 participants were recruited into the stage 1 screening study, of whom 302 had grade 1
hypertension. From these 302 participants, 162 participated in the stage 2 randomised controlled trial
and observational studies: 105 participants with high central aortic systolic pressure, who entered the
randomised controlled trial (51 randomised to treatment and 54 to no treatment), and 57 with low central
aortic systolic pressure, who participated in the observational study.

Stop–go checkpoint confirmation
Left ventricular mass index at end-systole in participants with high central aortic systolic pressure, who went
on to participate in the randomised controlled trial, was significantly greater than in participants with low
central aortic systolic pressure [high central aortic systolic pressure left ventricular mass index 67.9 ± 8.8 g/m2

(n = 101); low central aortic systolic pressure left ventricular mass index 64.0 ± 8.5g/m2 (n = 54); difference
4.0 g/m2, 95% confidence interval 1.1 to 6.9 g/m2; p < 0.01]. This confirmed the first hypothesis of the
study, that is, that participants with grade 1 hypertension and high central aortic systolic pressure would
have higher left ventricular mass index than those participants with low central aortic systolic pressure.
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Correlation of central aortic systolic pressure versus other blood pressure indexes with
left ventricular mass index
In univariate analysis, the regression coefficients and slopes were similar for the regression of left
ventricular mass index for clinic systolic blood pressure, ambulatory systolic blood pressure and central
aortic systolic pressure.

Pressure amplification differed between men with grade 1 hypertension and high or low central aortic systolic
pressure [brachial systolic blood pressure minus central aortic systolic pressure (low vs. high central aortic
systolic pressure) difference 1.7 mmHg, 95% confidence interval 0.4 to 3.1 mmHg; p = 0.01]. However, the
proportion of participants with low central aortic systolic pressure and high-pressure amplification (i.e. systolic
blood pressure in the upper range for grade 1 hypertension (i.e. 150–159mmHg), but low central aortic
systolic pressure, was very small, comprising only 1% of the total recruited.

Stage 2: randomised controlled trial and observational study
In the randomised controlled trial, both seated clinic blood pressure and ambulatory blood pressure were
significantly reduced in men receiving treatment compared with men receiving no treatment after 12 months:

l Treatment –

¢ clinic blood pressure change (baseline to study closeout): –20.0 mmHg (95% confidence interval
–23.3 to –16.6 mmHg)/–13.0 mmHg (95% confidence interval –15.0 to –11.1 mmHg)

¢ central aortic systolic pressure change (baseline to study closeout): –21.1 mmHg (95% confidence
interval –24.4 to –17.9 mmHg)

¢ ambulatory blood pressure monitoring 24-hour blood pressure change (baseline to study closeout):
–10.3 mmHg (95% confidence interval –12.8 to –7.9 mmHg)/–6.9 mmHg (95% confidence interval
–8.6 to –5.2 mmHg).

l No treatment –

¢ clinic blood pressure change (baseline to study closeout): –9.6 mmHg (95% confidence interval
–12.9 to –6.3 mmHg)/–5.8 mmHg (95% confidence interval –7.9 to –3.7 mmHg)

¢ central aortic systolic pressure change (baseline to study closeout): –10.2 mmHg (95% confidence
interval –13.3 to –7.1 mmHg)

¢ ambulatory blood pressure monitoring 24-hour blood pressure change (baseline to study closeout):
–0.1 mmHg (95% confidence interval –2.3 to 2.2 mmHg)/–0.3 mmHg (95% confidence interval
–1.7 to 1.1 mmHg).

Treatment was well tolerated, and there was no difference in reported serious adverse events. Although
adverse events were more frequently reported for men randomised to treatment than for men randomised
to no treatment (i.e. 22 vs. 14), only five adverse events were attributed to treatment and none led to
discontinuation. Quality of life, assessed using the Short Form questionnaire-36 items, did not differ
between men receiving treatment and men receiving no treatment.

Primary outcome
Blood pressure-lowering treatment was associated with a greater change (baseline to study closeout) in left
ventricular mass index evaluated at end-systole versus no treatment [treatment: left ventricular mass index
change (baseline to study closeout) –3.3 g/m2, 95% confidence interval –4.5 to –2.2 g/m2; no treatment:
left ventricular mass index change (baseline to study closeout) –0.9 g/m2, 95% confidence interval –1.7 to
–0.2 g/m2; difference: –2.4 g/m2, 95% confidence interval –3.8 to –1.0 g/m2; p < 0.01]. The effect size was
medium to large. This difference was maintained after adjustment for baseline factors.
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Left ventricular mass index changes in the low central aortic systolic pressure
observational cohort
No significant change (baseline to study closeout) in left ventricular mass index (evaluated at end-systole)
was seen for participants in the low central aortic systolic pressure cohort after 12 months’ follow-up
[observational: left ventricular mass index change (baseline to study closeout) –0.5 g/m2, 95% confidence
interval –1.2 to 0.2 g/m2; p = 0.18]. There was also no change in blood pressure (baseline to study closeout)
during the observational study [observational: clinic blood pressure change (baseline to study closeout)
–1.7 mmHg (95% confidence interval –4.3 to 1.0 mmHg)/0.1 mmHg (95% confidence interval –1.8 to
1.9 mmHg); central aortic systolic pressure change (baseline to study closeout) –1.0 mmHg (95% confidence
interval –3.3 to 1.3 mmHg); 24-hour ambulatory blood pressure change (baseline to study closeout)
–1.6 mmHg (95% confidence interval –3.6 to 0.5 mmHg)/–0.3 mmHg (95% confidence interval –1.7 to
1.1 mmHg); all p = not significant].

Secondary outcomes
Comparison of the change in un-indexed left ventricular mass (treatment vs.no treatment) showed a similar
pattern of change to that for the primary outcome (i.e. left ventricular mass index). Moreover, the effect of
treatment in men with high central aortic systolic pressure was to reduce left ventricular mass index and
left ventricular mass to values approaching those seen in men with low central aortic systolic pressure at
study closeout.

In the randomised controlled trial, blood pressure-lowering treatment was associated with a greater
change (from baseline to study closeout) in electrocardiography voltage criteria for left ventricular mass
[treatment vs. no treatment: Cornell voltage change (from baseline to study closeout) –0.2 mV (95%
confidence interval –0.2 to –0.1 mV) vs. 0.1 mV (95% confidence interval 0.0 to 0.2 mV); difference
–0.3 mV (95% confidence interval –0.4 to –0.2 mV); p < 0.01; treatment vs. no treatment: augmented
vector left voltage change (from baseline to study closeout) –51.5 µV (95% confidence interval –104.6 to
1.6 µV) vs. 68.7 µV (95% confidence interval 5.0 to 132.4 µV); difference –120.2 µV (95% confidence
interval –202.6 to –37.8 µV); p < 0.01].

In patients with high central aortic systolic pressure with a detectable urinary albumin-to-creatinine ratio,
treatment elicited a reduction (baseline to study closeout) compared with no treatment [treatment vs.
no treatment: detectable urinary albumin-to-creatinine ratio change (from baseline to study closeout) –0.5
(95% confidence interval –1.1 to 0.1) vs. 0.1 (95% confidence interval –0.2 to 0.4); difference –0.6
(95% confidence interval –1.2 to 0.0); p = 0.04]. No patient had a urinary albumin-to-creatinine ratio
outside the normal clinical range.

Conclusions
The TREAT CASP study has shown that, although central aortic systolic pressure was generally lower than
brachial systolic blood pressure, the central aortic systolic pressure value tended to track with brachial systolic
blood pressure (as defined by clinic blood pressure and/or ambulatory blood pressure monitoring) in patients
with grade 1 hypertension. Very few patients (i.e. 1%) had a low central aortic systolic pressure value
(< 125 mmHg) at a brachial systolic blood pressure level typical of those patients with high central aortic
systolic pressure (i.e. a brachial systolic blood pressure of 150–159 mmHg). High central aortic systolic
pressure was associated with both early evidence of hypertension-mediated organ damage (i.e. an increased
left ventricular mass index) and reduced pressure amplification relative to patients with low central aortic
systolic pressure. However, the correlation of central aortic systolic pressure with left ventricular mass index
was no greater than that seen with clinic brachial systolic blood pressure or ambulatory blood pressure.
Thus, the measurement of central aortic systolic pressure was not found to be a superior means of stratifying
younger people with grade 1 hypertension for antihypertensive therapy, when compared with conventional
blood pressure measurement. Nevertheless, the increased left ventricular mass index in patients with high
central aortic systolic pressure was likely to be as a result of higher blood pressure because left ventricular
mass index was reduced after blood pressure lowering with treatment for 12 months. The treatment-induced
regression in left ventricular mass index on cardiac magnetic resonance imaging was also evident on a standard
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12-lead electrocardiogram. In addition, there was evidence of treatment-induced regression of the urinary
albumin-to-creatinine ratio. Increased left ventricular mass index and urinary albumin-to-creatinine ratio are
potent biomarkers of future cardiovascular risk and the TREAT CASP study demonstrates that these adverse
changes are reversible with blood pressure-lowering treatment in younger people with grade 1 hypertension.

Trial registration

The trial is registered as ISRCTN09502665.

Funding

This project was funded by the Efficacy and Mechanism Evaluation programme, a Medical Research
Council and National Institute for Health Research (NIHR) partnership.
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Chapter 1 Introduction

Hypertension and risk

High blood pressure (BP) is the leading preventable cause of premature morbidity and mortality worldwide.1,2

In the UK, surveys suggest that at least 25% of the adult population is hypertensive (i.e. defined as having a
seated clinic BP of ≥ 140/90 mmHg), rising to more than 50% in people aged over 65 years.3 The benefits of
treating hypertension has one of the largest evidence bases in medicine and is the cornerstone of national
strategies to reduce cardiovascular disease (CVD) risk. Detection, treatment and monitoring of BP represents
one of the commonest reasons for consultation in primary care and in the UK accounts for over £1B
expenditure on drug costs alone.4

The dilemma of when to treat hypertension in younger patients
The decision to treat hypertension is based not only on the level of BP but also on an individual’s risk of
CVD4 as indicated by:

l the presence of existing CVD
l the presence of hypertension-mediated organ damage (HMOD) [e.g. left ventricular (LV) hypertrophy,

markers of renal disease, the presence of hypertensive retinopathy] or
l when cardiovascular risk is calculated to be high, based on formal estimation using cardiovascular

risk calculators.

Age is a major determinant of cardiovascular risk;5 consequently, most research has focused on the treatment
of older people, who are more likely to develop measurable clinical end points within the typical duration of
clinical trials, such as morbidity and mortality resulting from stroke and heart disease. Consequently, most
of the evidence used to formulate treatment guidelines has been acquired from people over 55 years of
age and there is a paucity of research data on which to base treatment decisions for younger people with
hypertension.6–8 This is compounded by the fact that conventional clinical outcome randomised controlled
trials (RCTs) are not feasible in younger patients with hypertension because the traditional outcome measures
(e.g. myocardial infarction, heart failure, stroke and death) are unlikely to occur in sufficient frequency, if at
all, over the typical RCT duration. This has created a major dilemma in formulating guidelines for treating
high BP: how and when to treat younger people with hypertension.

In the UK, the National Institute for Health and Care Excellence (NICE)’s guidelines recommend treatment
of hypertension in all patients when the brachial BP (BrBP) is ≥ 160/100 mmHg (i.e. grade 2 hypertension).4

However, for younger people (i.e. those aged < 55 years) with less severe hypertension, that is, grade 1
hypertension (BrBP 140–159/90–99 mmHg), there is uncertainty about the benefits of treatment unless
the patient already has evidence of overt HMOD, established CVD, chronic kidney disease or diabetes
mellitus.9–11 Moreover, the use of formal 10-year cardiovascular risk calculations has little validity in these
younger age groups and is unlikely to accurately reflect their lifetime risk.

The dilemma of when to treat younger people with grade 1 hypertension is not insignificant. A study
involving over 30 years of follow-up of over 1 million young male Swedish army recruits suggested that
grade 1 hypertension in younger people is unlikely to be benign and is associated with an increased risk of
cardiovascular mortality.12,13 Other long-term follow-up studies of university students and other younger

DOI: 10.3310/eme06130 EFFICACY AND MECHANISM EVALUATION 2019 VOL. 6 NO. 13

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Williams et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should
be addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

1



people with early, mild elevations in BP, have reported an increased incidence of CVD and mortality later in
life.14–17 Important questions arise from these observations:

l whether or not all lower-risk younger patients with grade 1 hypertension would benefit from treatment
of their hypertension

l whether or not it is possible to identify a subset of low-risk younger people with grade 1 hypertension
who might particularly benefit from early treatment

l whether or not early treatment brings about significant clinical benefit in younger people.

Rationale for the TREAT CASP study

To evaluate a strategy to better identify younger people with grade 1 hypertension who
might benefit from early treatment of their blood pressure
Although the routine diagnosis of hypertension relies on the long-established technique of measurement
over the brachial artery using an inflatable cuff, it has long been recognised that pressure [particularly
systolic and pulse pressure (PP)] is amplified as it moves from the aortic root to the peripheral circulation
(i.e. the brachial artery).18 Thus, pressure measured over the brachial artery may not always reflect pressure
in the central aorta, which may be better related to HMOD.19,20

We and others have shown that the magnitude in amplification of brachial systolic BP (BrSBP) from the central
aorta to the brachial artery can vary markedly and is profoundly influenced by age, sex, vascular disease
(especially aortic arteriosclerosis and stiffening), heart rate and drug therapies used to treat hypertension.21–26

Importantly, we and others have shown that the variation in the relationship between central aortic systolic
pressure (CASP) and BrSBP might be particularly marked in younger people.22,27 The difference between CASP
and BrSBP is typically around 10 mmHg in older people (i.e. those aged > 55 years), but can be as much as
30 mmHg in younger people.28 What has remained unclear is the frequency of low CASP in patients with
grade 1 hypertension. Nevertheless, it has been suggested that an elevated BrSBP in younger people may
sometimes be spurious when it is associated with a much lower CASP value,29–40 implying that brachial BP
measurements may not always be the best way to categorise hypertension in younger people or stratify their
need for BP-lowering treatment. An inaccurate diagnosis of hypertension can have important implications
for younger people, not only because of the anxiety and cost of treatment but also because of the impact
of disease labelling on insurance weighting and some forms of employment. Therefore, it is particularly
important to establish the correct diagnosis in younger people so as to avoid these consequences and
exposure to lifelong treatment that may not be necessary.

Measurement of central aortic systolic pressure
Although CASP is best measured using a pressure sensor advanced into the ascending aorta (as is done
in cardiac catheterisation), this is clearly not feasible for routine care and, consequently, techniques for
the non-invasive assessment of CASP have been developed. These techniques involve the sampling of
arterial pressure waveforms using either a pressure sensor applied over an accessible artery (applanation
tonometry)41–44 or sampled using a non-occluding cuff.45–47 The resultant waveforms are then calibrated
to a contemporaneous measurement of BrBP and mathematically transformed using a Fourier transfer
function, or similar mathematical filter, to reveal the unamplified aortic pressure at the aortic root. We
previously described and validated a simple, non-invasive method to measure CASP.103 The method used a
pressure sensor mounted in the flexible strap of a wristwatch-type device. Accurate placement of the
pressure sensor (tonometer) over the radial artery allows the capture of the arterial waveform. This
waveform has no pressure indices but is calibrated to the brachial artery pressure to generate a pressure
waveform. The pressure waveform is then processed using an n-point moving average to derive the central
aortic pressure. This methodology has been shown by us and others to generate accurate assessments of
CASP when validated versus invasive catheterisation studies.48–50
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Potential value in non-invasive central aortic systolic pressure measurement
A number of studies have evaluated the value of invasively and non-invasively acquired aortic pressures versus
conventional brachial pressures with regard to predicting cardiovascular organ damage, differential effects
of drug therapy and clinical outcomes.26,51–57 Population-based studies have shown that aortic pressures are
more strongly related than brachial pressures to markers of HMOD in people with hypertension, for example
left ventricular hypertrophy (LVH), carotid intima/media thickness and albuminuria.19,20,58 In addition, we and
others have shown that, despite similar effects of BP-lowering drug therapies on brachial pressures, there are
differential effects of different drug treatments on brachial and central aortic pressures.26,59–63 Moreover, the
treatments associated with more effective central aortic pressure lowering were also associated with more
effective reduction of clinical outcomes, especially stroke.26,51,53,54 Other population-based observational
studies have shown that when central aortic and brachial pressures have been measured, central aortic
pressures have been a better predictor of clinical outcomes.56,64 Together, this provided proof of concept for
the hypothesis that central aortic pressure measurement could provide a more accurate biomarker of HMOD
and disease risk in younger people with hypertension and, thus, a more effective clinical tool to stratify risk
and the need for treatment.

Defining high and low central aortic systolic pressure values in younger people with
grade 1 hypertension
The TREAT CASP study was designed to stratify younger people into high CASP (higher risk) and low CASP
(lower risk). Therefore, we needed to define the threshold value defining high and low CASP in people with
grade 1 hypertension. A definitive analysis of all available studies was published in 2014,28 including 45,436
people who had measurements of both conventional BrBP and CASP. In this report,28 11,402 patients were
hypertensive (i.e. had a BrBP of ≥ 140/90 mmHg), of whom 3288 had grade 1 hypertension (consistent with
the target population for the TREAT CASP study). In total, 18,183 were normal healthy people.

Based on an analysis of these data, for the population we intended to study, that is, younger males aged
18–55 years with grade 1 hypertension, a high CASP value was reported to be ≥ 125 mmHg. In fact,
according to these data, no normotensive male patients in any age grouping had a median CASP above
116 mmHg. Thus, a CASP value of ≥ 125 mmHg is certainly high relative to a normotensive population. We
used this threshold for the definition of high CASP in the TREAT CASP study because this CASP level is well
above normal CASP levels for a healthy normotensive population. Low CASP for the TREAT CASP population
was defined as < 125 mmHg, creating a CASP threshold for consideration of drug treatment analogous to
conventional brachial BP thresholds for treatment decisions.

Evaluating the benefit of treatment in young people with grade 1 hypertension
A key challenge in evaluating potential benefits of treatment in younger people with grade 1 hypertension
is demonstrating clinical benefit in terms of risk reduction. As discussed in The dilemma of when to treat
hypertension in younger patients, this is usually done through RCTs demonstrating a reduction in major
cardiovascular events. This is not feasible in younger people over the time course of a typical clinical trial as
such events rarely occur. An alternative strategy has been to use reliable surrogate markers of subsequent
clinical events. A logical surrogate is one that can be unequivocally attributed to elevated BP and is known
to be associated with an increased risk of cardiovascular morbidity and mortality. One of the earliest
consequences of high BP is remodelling of the left ventricle, characterised by LVH.65–71 LVH has been shown
to have strong prognostic significance with regard to risk of future cardiovascular events and mortality.72,73

These early BP-related structural changes are often subclinical, that is, they are not detected by routine
screening in primary care. However, they are readily detectable by non-invasive imaging, typically by
echocardiography, but also more recently by cardiac magnetic resonance imaging (cMRI) studies.74–76

This study will use cMRI quantification of LV mass as a definitive indicator of elevated pressure, and to
determine whether or not treatment provides benefit by regression of BP-related cardiac structural change.
cMRI quantification of LV mass is considered more accurate than echocardiographic or electrocardiographic
measures. cMRI also allows quantification of cardiovascular function, such as regional wall motion and
diastolic function, using new analytical methods.77–80
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Only men will be recruited into this study because the inclusion of younger women could expose women
who become pregnant during the study to medications that are contraindicated during pregnancy. This
also avoids the confounding effects of the oral contraceptive pill on BP81 and well-recognised sex differences
in LV mass, which could have introduced variation requiring a larger study.82–84

Summary of the rationale for a randomised controlled trial of blood pressure
lowering in younger patients with low-risk grade 1 hypertension and high central
aortic systolic pressure
There is currently uncertainty about whether or not younger people with uncomplicated grade 1
hypertension should be treated with BP-lowering medications. This study examines the hypothesis that
the non-invasive measurement of CASP in younger people (i.e. those aged < 55 years) with uncomplicated
grade 1 hypertension will help stratify which of these people might benefit from treatment (1) by showing
that those people with high CASP will have greater LV mass than those people with low CASP, and
(2) that BP-lowering treatment in those people with high CASP will regress LV mass versus no treatment,
thereby confirming that their elevated pressure was contributing to an increased LV mass even at this early
stage of hypertension.

INTRODUCTION
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Chapter 2 Methods

Study setting

The TREAT CASP study was a single-centre study recruiting at multiple research sites. The co-ordinating
centre and main recruiting site was at University College London (UCL) and its associated hospital, University
College London Hospitals (UCLH). Study clinical procedures were carried out at a dedicated National Institute
for Health Research (NIHR) clinical research facility at UCLH and/or in some primary care sites. cMRI was
performed using a research-dedicated magnetic resonance imaging (MRI) scanner within UCL’s Institute of
Cardiovascular Science, based at the Great Ormond Street Hospital. The study commenced on 1 November
2013 and the final study visit was on 7 February 2018. The study received ethics approval from the National
Research Ethics Service London (Bloomsbury) committee in June 2013 and was conducted in accordance with
the principles of good clinical practice (GCP). The UK Medicines and Healthcare products Research Authority
(MHRA) judged that the TREAT CASP study was not a clinical trial of an investigational medicinal product
(CTIMP). The study was run in association with the UCL Comprehensive Clinical Trials Unit (CCTU) and was
overseen by an Independent Trial Steering Committee.

Study design

The TREAT CASP study used a two-stage design (Figure 1), incorporating:

l stage 1 – a cross-sectional screening study to identify patients with grade 1 hypertension who were
then invited to participate in stage 2

l stage 2 – a 12-month RCT.

There was a stop–go checkpoint at the end of the screening study (see Stop–go: checkpoint for proceeding
from stage 1 screening study to stage 2 randomised controlled trial and observational study). Participants
with grade 1 hypertension completing the screening study were stratified into two groups according to
their CASP status: participants with a low CASP (i.e. those with a CASP of < 125 mmHg) or participants
with a high CASP (i.e. those with a CASP of ≥ 125 mmHg).

In the randomised controlled trial (RCT), participants were randomised (simple one-to-one randomisation;
sealed envelope™; Sealed Envelope Ltd, London, UK; www.sealedenvelope.com; accessed 1 February 2017)
to either BP lowering using a national guideline-directed treatment or a no-treatment group (i.e. usual care
in the UK for participants with grade 1 hypertension). Follow-up was for 12 months with a cMRI scan at
baseline and study closeout. The study utilised a prospective, randomised, open-label, blinded end-point
(PROBE) design to evaluate whether or not people from the high CASP group benefit from BP-lowering drugs
compared with no treatment, with regard to regression of their LV mass on cMRI. LV mass was indexed to
body size, deriving the LV mass index (LVMI). The change in LVMI from baseline to 12 months, comparing
the treatment versus no-treatment arms, constituted the primary outcome for the TREAT CASP study.

Alongside the RCT, the second stage of the study incorporated an observational follow-up study in those
participants with grade 1 hypertension and low CASP, who remained untreated for BP over 12 months’
follow-up. The observational follow-up study was designed to evaluate whether or not there was any
progression of cardiac structural change (as measured by the LVMI) in people with grade 1 hypertension
and low CASP over a period of 12 months and to provide a reference value against which regression of
cardiac structure in the RCT could be assessed.
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Recruitment strategy: stage 1 screening study

Potential participants for the TREAT CASP study were identified from a number of sources:

l patients referred to the BP outpatient clinic at UCLH
l from general practice in association with liaison with the local North Central London Research

Consortium (Noclor) or from searches of general practitioner (GP) databases within the greater London
area by the NIHR-funded Clinical Practice Research Datalink (CPRD) organisation

l responses to advertisements placed in various media or prominent local buildings in London, for
example railway stations, restaurants and other buildings for social functions.

Participants

The TREAT CASP study recruited male patients aged between 18 and < 55 years, who had uncomplicated,
untreated grade 1 hypertension [with a seated clinic BP of 140–159/90–99 mmHg and/or a 24-hour
ambulatory BP monitoring (ABPM) daytime mean of ≥ 135/85 mmHg] and, if previously treated for

Stop–go

Treatment
(1 year)

No
treatment

(1 year)

No
treatment

(1 year)

Randomisation

Closeout cMRICloseout cMRI

High CASP
(CASP ≥ 125 mmHg)

Low CASP
(CASP < 125 mmHg)

Screening cohort

Low CASP

Observational study
follow-up (12 months)

High CASP

TREAT CASP RCT
(12 months)

∆LVMI2∆LVMI1

Primary end point: change in LVMI (baseline to study
closeout), treatment vs. no treatment; p < 0.05, 90% power

Baseline cMRI Baseline cMRI

• Grade 1 hypertension
• Brachial BP: 140–159/90–99 mmHg
• ABPM: 135–149/85–94 mmHg
• No CVD
• No diabetes mellitus
• No CKD 
• No HMOD

FIGURE 1 Study design flow chart. ABPM, ambulatory BP monitoring; CKD, chronic kidney disease; LVMI, left
ventricular mass index; ΔLVMI, change in left ventricular mass index. ABPM range represents waking (daytime) mean.
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hypertension, for whom BP-lowering treatment had been discontinued for at least 3 months prior to
screening. Study participants were also required to be low-risk grade 1 hypertension, that is, that they
had no pre-existing CVD or diabetes mellitus or chronic kidney disease and no evidence of HMOD
[i.e. electrocardiography (ECG) LVH, grade 2 or more hypertensive retinopathy or renal impairment or
an increased urinary albumin-to-creatinine ratio (UACR)].

Inclusion criteria

Inclusion criteria were men who:

l were aged 18 to < 55 years
l had a clinical diagnosis of grade 1 hypertension based on a seated clinic BP of 140–159/90–99 mmHg,

and/or ABPM
l were currently not being treated for hypertension (if previously treated with antihypertensive

medication, patients will have received no treatment for > 3 months)
l were without evidence of HMOD on routine clinical screening, established CVD, diabetes mellitus or

chronic kidney disease
l were willing and capable of giving informed consent.

Exclusion criteria

Exclusion criteria included:

l women of any age
l men –

¢ with grade 2 hypertension on clinic BP
¢ with ‘white coat hypertension’, that is, grade 1 hypertension according to clinic blood BP but a

normal BP on ABPM (daytime mean BP of < 135/85 mmHg)
¢ who had a prior diagnosis of a secondary cause for hypertension, for example renal artery stenosis,

primary aldosteronism, phaeochromocytoma, aortic coarctation
¢ who had grade 1 hypertension with evidence of HMOD on routine clinical testing (e.g. LVH,

hypertensive retinopathy, renal impairment, proteinuria) or concurrent CVD (e.g. stroke, transient
ischaemic attack, cardiac or peripheral vascular disease) and/or diabetes mellitus or chronic kidney
disease – that is, risk factors that would mandate treatment of grade 1 hypertension according to
current NICE guidance [NICE Clinical Guidance (CG) 1274]

¢ in whom it was not possible to measure conventional BrBP
¢ with atrial fibrillation or any other significant pulse rhythm irregularity, making BP measurement

difficult and unreliable
¢ who regularly consumed > 28 units of alcohol per week or used recreational drugs
¢ who had chronic inflammatory diseases requiring regular concomitant steroids and/or non-steroidal

anti-inflammatory drugs
¢ who had severe hepatic impairment
¢ who had previous hypersensitivity to the drugs to be used in the study
¢ who had current malignancy
¢ who were unwilling to undergo, or had a contraindication to, MRI scanning
¢ who had currently or recently (i.e. in the last 6 weeks) participated in an interventional clinical trial
¢ who had any clinical condition for which the investigator would consider the patient unsuitable for

the trial
¢ who had co-enrolled in any CTIMP or any other study of a non-investigational medicinal product

(there was no prohibition on co-enrolment into observational studies).
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Withdrawal criteria

Participants had the right to withdraw from the study at any time, for any reason and without giving a
reason. The investigator also had the right to withdraw patients from the study in the event of intercurrent
illness, adverse events (AEs), serious adverse events (SAEs), suspected unexpected serious adverse reactions
(SUSARs), protocol violations or other reasons. If a patient decided to withdraw from the study, all efforts
were made to report the reason for withdrawal. Participants randomised to study intervention who then
declined to take any study medication were withdrawn from the study with no further study follow-up. For
participants electing to withdraw, having commenced taking their study medication, efforts were made to
continue to obtain follow-up data (with the permission of the patient).

All recruited participants were required to provide written informed consent after reviewing the detailed
study information prior to the consent process.

Stage 1 screening study

In order to recruit men with uncomplicated grade 1 hypertension, the first stage of the TREAT CASP study
comprised a screening study. Information about the study was disseminated widely via advertisements in
local or national press. Participants with a history of elevated BP, who remained untreated, were sought
through searches of local GP databases and through local specialist hypertension clinics. Men responding
to study advertisements or who were identified via their GP records as previously having an elevated BP in
the grade 1 hypertension range and no other CVD were invited to participate in the screening study.

The screenees were invited to attend for an initial BP check (i.e. a prescreen) where they underwent a
measurement of seated clinic BP and CASP. Participants with elevated clinic BP were asked to undergo
24-hour ambulatory BP monitoring to confirm the diagnosis of hypertension and to exclude white coat
hypertension. Prescreening was essential to filter out, at an early stage, participants who were clearly
normotensive or those who had grade 2 or higher BP and would require treatment according to current
national treatment guidelines. Participants identified with grade 1 hypertension and who met study
inclusion criteria were then invited to undergo detailed cardiovascular screening.

Clinical assessments performed during the detailed cardiovascular screening included:

l documentation of medical and lifestyle history
l physical examination
l measurement of seated BrBP and CASP
l height and weight measurement
l waist and hip circumference measurement
l body fat composition using non-invasive bioimpedance
l blood tests – including haematological, biochemical, lipid profile, glucose and renal function

[i.e. estimated glomerular filtration rate (eGFR)] assessments
l UACR analysis/urine dipstick for blood and protein
l 12-lead ECG.

The TREAT CASP screening study was designed to generate a cohort of participants with confirmed
grade 1 hypertension who were then stratified according to their CASP measurement as high CASP
(i.e. a CASP of ≥ 125 mmHg) or low CASP (i.e. a CASP of < 125 mmHg) prior to entry to stage 2 of the
study, the high CASP RCT and the low CASP observational study.

METHODS
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Defining high and low central aortic systolic pressure

When the study was designed, there was no existing definition of high versus low CASP. The original plan
was to screen approximately 500 patients in stage 1 of the study and then identify a high CASP cohort for the
RCT from the upper half of the distribution and the low CASP cohort from the lower half of the distribution.
This became unnecessary when population threshold values for the low and high CASP groups were defined
following publication of a definitive analysis of all available studies worldwide, including 45,436 people who
had measurements of both conventional BrBP and CASP.28 From these data, a high CASP threshold of
≥ 125mmHg was defined for the TREAT CASP study (see Chapter 1, Defining high and low central aortic
systolic pressure values in younger people with grade 1 hypertension).

Stop–go: checkpoint for proceeding from stage 1 screening to stage 2
randomised controlled trial and observational study

At the time the study was designed, it was unknown whether or not CASP would be related to LVMI,
although this seemed highly likely as CASP is mathematically derived from BrBP and CASP is the pressure
closest to the left ventricle. To avoid futility in undertaking the RCT if high CASP was not associated with an
increased LVMI, a stop–go checkpoint was requested by the funder and this was introduced into the study
protocol. The stop–go checkpoint required confirmation (evidence) that there was a significant difference in
LVMI between men in the low CASP and men in the high CASP groups prior to commencement of the RCT.
This required all screenees considered suitable for the RCT and observational study (i.e. ≈ 160 participants)
to undergo baseline cMRI. The cMRI scan would then be evaluated to confirm that the stop–go checkpoint
had been satisfied, before any patient could be randomised into the RCT in the second stage of the study.
The implications of this stop–go checkpoint soon became apparent. Patients screened and eligible for
stage 2 of the study would have to wait until the entire stage 1 screening study had been completed
before they could enter stage 2. Moreover, once screening had been completed, ≈ 160 cMRI scans would
have to be performed and evaluated within a few weeks. This was logistically very difficult for the study
team and the participants. Moreover, it meant that some of the baseline cMRIs for the RCT would have
been performed a few weeks, or even months, before randomisation into the RCT, which was undesirable.

To evaluate the need for such an extensive and detailed cMRI study to confirm the stop–go criterion, we
undertook an exploratory study in which we evaluated cMRI LVMI data on 11 patients from the high and
low CASP groups we had identified during screening. The exploratory study showed a clear and significant
association between high CASP and increased LVMI relative to the low CASP patients (Figure 2). It was
agreed with the funder, based on this analysis, that it was highly likely that the stop–go criterion would
be satisfied once all baseline cMRIs had been performed (which it was – see Chapter 3, Retrospective
evaluation of the stop–go criterion based on baseline cardiac magnetic resonance imaging data from the
stage 2 studies); to avoid further delay it was agreed that the study should proceed to stage 2.
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FIGURE 2 Relationship between LVMI and CASP (a) and LVMI and 24-hour ambulatory SBP (b) in a preliminary
subset (n= 11) of stage 1 study participants undergoing cMRI.
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The study proceded to the stage 2 RCT and observational study. Patients considered eligible for the high
CASP RCT and low CASP observational study then had to be re-contacted to undergo baseline cMRI scans
and enter the observational study or the RCT. Inevitably, following the delay in starting stage 2 of the study,
some of the patients deemed eligible when they were originally screened were either not contactable or no
longer interested, or were no longer eligible because their BP status had changed or they had been treated.
This meant that we had to continue to recruit further patients to ensure that a sufficient number of patients
were entered into the RCT.

Stipulating a stop–go requirement for this study was not without consequences. It resulted in patients
eligible for the study when originally screened waiting for up to 2 years before they could enter the RCT,
rather than immediately transitioning from screening to the RCT. Moreover, the need to complete all
screening before any patients could be entered into the RCT, and the subsequent need to undertake further
screening, resulted in an overall delay in completion of the study by approximately 2 years. This resulted in
98 patients originally identified as eligible and consented for the study subsequently being unable to enter
the RCT or observational study (lost contact or no longer willing or change in BP status or treated) as a result
of the delays in completing the stop–go decision. This meant that we had to undertake further recruitment
alongside the initiation of the second phase of the study. The stop–go checkpoint was retrospectively
evaluated in participants who went on to complete the study and confirmed the prediction obtained from
the exploratory cMRI scans (see Chapter 3, Retrospective evaluation of the stop–go criterion based on
baseline cardiac magnetic resonance imaging data from the stage 2 studies).

It was originally planned to screen approximately 500 participants to yield at least 50 evaluable patients for
each arm of the RCT (treatment vs. no treatment) and at least a further 50 participants with low CASP to enter the
observational study. The first participant was recruited into the stage 1 screening study on 15 November 2013.
The first participants for the observational study and RCT were recruited on 18 August 2015 and 21 October 2015,
respectively. The final participant was recruited into stage 2 of the study on 8 February 2017 and the last patient
visit for the RCT was on 14 February 2018 when trial follow-up had been completed. A total of 726 men were
screened for the stage 1 study and 162men entered the stage 2 RCT and observational studies.

Stage 2 randomised controlled trial and observational study

The second stage of the TREAT CASP study incorporated a RCT of BP lowering for men with grade 1
hypertension and high CASP. The RCT was designed to evaluate whether or not treatment regresses LVMI
relative to the comparator, that is, no treatment, which represents usual clinical care for these people.
Participants with grade 1 hypertension and low CASP were entered into an observational study and
remained untreated. Participants in both the RCT and the observational study were followed up over the
course of 12 months and underwent cMRI at both baseline and at the end of the study (i.e. study closeout).

The RCT used a prospective, randomised, open, blinded, end-point (PROBE) design85 to allow the BP-lowering
treatment to be titrated to achieve a CASP reduction of at least 5 mmHg in the treatment arm participants.
Study team members involved in the MRI measurement and/or analysis were blinded to treatment allocation.

Baseline visit procedures for the randomised controlled trial and
observational study

Participants with grade 1 hypertension and high CASP underwent a baseline cardiovascular evaluation to
reconfirm their eligibility for the study and to collect baseline data. The baseline examination included:

l documentation of medical and lifestyle history
l measurement of seated BrBP and CASP
l 24-hour ABPM

METHODS
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l a physical examination
l height and weight measurement
l waist and hip circumference measurement
l body fat composition evaluation using non-invasive bioimpedance
l blood tests – including haematological, biochemical, lipid profile, glucose and renal function

(i.e. eGFR) assessments
l UACR analysis (analysed by an accredited external laboratory, specifically by The Doctors Laboratory,

London, UK)/urine dipstick analysis for blood and protein
l a 12-lead ECG
l non-invasive measurement of arterial stiffness [as assessed via the cardio-ankle vascular index (CAVI)]
l quality-of-life assessment using the Short Form questionnaire-36 items (SF-36)
l non-mydriatic retinal photography
l 1.5-T cardiovascular MRI scan.

Randomisation

Participants in the RCT were randomised to BP-lowering treatment or no intervention. Randomisation
(simple, one-to-one allocation ratio using the next available treatment in the randomisation list) was
performed using a web-based randomisation service (Sealed Envelope Ltd).

Blood pressure-lowering intervention

The BP-lowering treatment used for this study was as recommended by NICE4 for this age group. BP-lowering
treatment was up-titrated according to NICE4 to achieve a seated CASP value of < 120 mmHg and a
minimum 5-mmHg reduction in CASP from baseline. The intervention comprised the angiotensin receptor
blocker (ARB) losartan [50–100 mg once daily (o.d.)] plus the calcium channel blocker (CCB) amlodipine
(5–10 mg o.d.) when required (Table 1). For men of black African ethnicity, consistent with NICE guidance,4

treatment commenced with the CCB to which an ARB was added if required. Participants allocated to
treatment began taking their medication 1 day after their baseline cMRI scan. There was no wash-out or
run-in period as the RCT was conducted in treatment-naive participants or previously treated participants
who had not taken BP-lowering medication for at least 3 months prior to randomisation. For participants
unable to tolerate a higher dose of medication, treatment could be back-titrated to achieve the best CASP
reduction that could be tolerated.

The comparator was no treatment (i.e. usual care); no placebo was used in this open-label study. The
intervention was prescribed unblinded and was dispensed from the hospital pharmacy.

Concomitant medication was permitted with the exception of other BP-lowering medications.

TABLE 1 Details of the treatment algorithm for the RCT

White or Asian ethnicity Black African ethnicity DDD

50mg o.d. losartan 5 mg o.d. amlodipine 1

100mg o.d. losartan 5 mg o.d. amlodipine + 50mg o.d. losartan 2

100mg o.d. losartan + 5mg o.d. amlodipine 5 mg o.d. amlodipine + 100mg o.d. losartan 3

100mg o.d. losartan + 10mg o.d. amlodipine 10mg o.d. amlodipine + 100mg o.d. losartan 4

DDD, defined daily dose.
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Randomised controlled trial follow-up schedule and procedures

Follow-up visits for participants randomised to treatment were scheduled at 4, 8, 12, 16, 26 and 38 weeks to
allow for study drug titrations. Participants randomised to no treatment attended follow-up visits at 12 and
26 weeks. Follow-up visits included measurements of seated brachial clinic BP and CASP, and documentation
of AEs. Follow-up appointments were scheduled ± 2 weeks of the due date. Study closeout occurred after
12 months of study participation. This terminology (‘study closeout’) is used throughout this report to refer to
the end of follow-up. Study closeout procedures, including the final cMRI, were identical to those at baseline;
however, a physical examination was not performed unless indicated (Table 2).

Observational study

A 12-month observational follow-up study of participants with grade 1 hypertension and low CASP was
performed in parallel with the RCT. Participants in the observational study received no intervention and the
visit schedule was identical to that of the no-treatment group for the RCT. Concomitant medication (other
than BP-lowering medication) was allowed.

Study outcomes

First phase of the study: relationship between central aortic systolic pressure and
left ventricular mass index
The first objective of the study was to determine whether or not CASP was related to LVMI on cMRI,
specifically whether or not high CASP was associated with greater LVMI than low CASP. This formed the

TABLE 2 Schedule of study activities during the RCT and the observational study

Study activities

Vist and visit name

1 2 3 4 5 6 7 8 9 10

Baseline
MRI
scan

4-week
FU

8-week
FU

12-week
FU

16-week
FU

26-week
FU

38-week
FU

Study
closeout

MRI
scan

Brachial BP monitoring ✗ O O ✗ O ✗ O ✗

CASP monitoring ✗ O O ✗ O ✗ O ✗

ABPM ✗ ✗

SF-36 QoL
questionnaire

✗ ✗

Anthropometric data
collected

✗ ✗

ECG ✗ ✗

CAVI ✗ ✗

Urine tests ✗ ✗

Blood tests ✗ ✗

Retinal photography ✗ ✗

Physical examination ✗

MRI scan ✗ ✗

AEs ✗ ✗ O O ✗ O ✗ O ✗ ✗

Dispense medication O O O O O O O O O O

✗, all groups; FU, follow-up; O, treatment group only; QoL, quality of life.
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stop–go checkpoint for the RCT. The first phase of the study also allowed evaluation of whether or not CASP
was more strongly related to LVMI than conventional clinic BP or ABPM, which would suggest that CASP
measurement may be a better means of stratifying younger patients with grade 1 hypertension for treatment.

Second phase of the study: randomised controlled trial to determine if
reducing central aortic systolic pressure in patients with high central
aortic systolic pressure leads to a reduction of left ventricular mass index
versus no treatment

Primary outcome of the randomised controlled trial
The primary outcome for the TREAT CASP RCT was the change in LVMI evaluated by cMRI, between baseline
and study closeout (i.e. 12 months following treatment initiation). The RCT compared active BP-lowering
treatment with usual care (no treatment) in participants with high CASP. LVMI is expressed as left ventricular
mass (in grams) indexed to body size (body surface area calculated using the method of Dubois86) and
expressed as g/m2.

Secondary outcomes
A number of secondary outcomes were prespecified for the TREAT CASP RCT, which were designed to
evaluate mechanisms and explore the relationship between CASP and conventional BrBP on extended
markers of cardiac and vascular damage, both in cross-sectional evaluations at the end of stage 1 and in
stage 2, at baseline and study closeout (i.e. after 12 months’ follow-up of the low CASP and the high
CASP participant groups).

Prespecified secondary outcomes for the TREAT CASP study are as follows:

1. Un-indexed LV mass.
2. cMRI measurements of regional systolic and diastolic strain – early markers of hypertension-mediated

damage.
3. cMRI assessments of cardiac output/stroke volume/peripheral resistance – markers of cardiac function

and assessments of mechanisms for BP elevation.
4. cMRI measurement of central aortic pressure.
5. cMRI measurement of diastolic function using ventricular inlet/outlet flow measurements – sensitive

markers of early pressure-mediated cardiac functional change.
6. cMRI motion vector analysis of systolic and diastolic function.
7. cMRI assessment of coronary perfusion reserve – markers of coronary perfusion.
8. cMRI-measured aortic distensibility and pulse wave velocity (PWV) at differing locations – sensitive

indices of aortic stiffening. This tests our subsidiary hypothesis that increased aortic stiffness causes the
detrimental increase in CASP relative to BrBP.

9. cMRI measurements of aortic blood flow and diameter – markers of aortic function.
10. LV mass-to-volume ratio on cMRI.
11. MRI measurement of body fat distribution – sensitive marker of early obesity-related changes, which

may have an impact on BP and cardiovascular risk.
12. Non-mydriatic retinal photography for analysis of changes to retinal vasculature architecture.
13. Urinary albumin excretion rate measured as UACR – an index of early renal injury.
14. Electrocardiography-derived parameters including ECG LVH, Q–T dispersion, Cornell voltage,

Sokolow–Lyon voltage, augmented vector left (aVL) voltage, etc. – ECG markers of cardiac
structure/function.

15. CAVI and related parameters.
16. Blood pressure in relation to all study outcomes measured as a variety of parameters, including

clinic-measured BP, central aortic BP, ambulatory BP, home-measured BP, MRI-derived central aortic BP,
BP variability.

17. Quality-of-life assessments using the SF-36.
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Statistical analysis plan

Sample size estimates
This study was planned to detect a mean change in LVMI (primary outcome) of 6.6 g/m2 with BP lowering
over the course of 12 months of treatment. This was based on limited previously published data investigating
the effects of BP-lowering treatment on cMRI-determined LVMI, usually in older people with more severe
hypertension and existing CVD. Data from four individual treatment studies comprising seven active treatment
arms in 627 patients, with a mean patient age of 60 ± 3.4 years,87–90 indicated an average difference in LVMI
between treatments (treatment vs. no treatment) of 6.6 g/m2 [standard deviation (SD) 10.9 g/m2]. All treatments
in the cited studies used inhibitors of the renin–angiotensin system and achieved moderate reductions in BP
(average reduction with treatment –8.0/–4.5 mmHg). Based on an anticipated difference in LVMI between
treatments of 6.6 g/m2 (SD 10.9 g/m2), power calculation indicated that a sample size of 58 people per
treatment arm would be required to show a difference with 90% power at a p-value of 0.05 in LVMI between
the treatment and no-treatment groups for the RCT.

Once the TREAT CASP RCT was under way, the change in BP for the study was estimated to be
approximately –16/–10 mmHg. From the study power calculation, this suggested that the fall in LVMI
might be as high as –14 g/m2. Using a conservative estimation of a fall in LVMI of 10 g/m2, a revised power
calculation was undertaken and presented to the TREAT CASP Steering Committee. This power calculation
indicated that a sample size of 44 study participants per treatment arm would show a difference in LVMI
between treatment arms with 90% power at a p-value of 0.05. To allow for dropout or loss to follow-up,
a revised sample size of 50 study participants per treatment arm was proposed for the study. This revised
power calculation and sample size were approved by the Trial Steering Committee in April 2016 and a
statement specifying that the objective to recruit at least 50 patients to each arm of the TREAT CASP RCT
was added to the final protocol.

The duration of treatment in the TREAT CASP RCT was 12 months. The duration of 12 months was based on
prior studies of LVMI change in response to BP-lowering therapy, which indicated that the majority of LVMI
regression occurs within the first 12 months of treatment, with very little additional change with longer-term
periods of follow-up (i.e. up to 5 years).91,92 This is because LVMI regression is powerfully determined by the
extent of the reduction in BP on treatment, and the BP change is maximal during the first year of therapy.
The 12-month duration was chosen to maximise the change in LVMI within a reasonable time scale for the RCT.

In addition to powering the study primary end point, the inbuilt stop–go checkpoint was powered to detect a
difference in LVMI of 10 g/m2. Previously published studies indicated that LVMI is directly related to BP and that
the relationship between the change in systolic blood pressure (SBP) and the change in LVMI approximates to
the order of 1 g/m2 LVMI per mmHg SBP.93,94 This order of magnitude of change is similar to that seen for the
regression in LVMI with BP-lowering treatment as shown above (i.e. an average reduction in SBP of –8 mmHg
and an average reduction in LVMI with treatment of –6.6 g/m2). Preliminary data from our previous studies in
men with grade 1 hypertension stratified by their CASP values had indicated that groups at the extremes of
the highest and lowest CASP values are separated by a BrSBP of at least 10 mmHg. This suggested potential
separation in LVMI of up to 10 g/m2 between men with high and low CASP. With regard to a starting value,
a review of LVMI values by MRI in 1032 young men from 11 published studies yielded a mean LVMI value of
78.5 g/m2 (SD 11.8 g/m2).74,95–102 Combining an estimated 10 g/m2 difference between the high and low CASP
groups with the SD for LVMI in young men indicated that a sample size of 31 per group would be required to
demonstrate a difference in LVMI with 90% power at a p-value of 0.05 between men with high and low CASP.

Statistical analysis
Statistical analyses were performed using Stata® (version 14.2; StataCorp LP, College Station, TX, USA) or
RStudio (version 3.4.1; RStudio, Inc., Boston, MA, USA).

Univariate linear regression was used to evaluate whether or not CASP had a stronger correlation with
LVMI than the other BP measurements (i.e. clinic BP and ABPM). Correlations between LVMI and the
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three BP measurement strategies (CASP, clinic BP and ABPM) were compared using Fisher’s r-to-z
transformation. Regression slopes and intercepts were compared using a comparison of estimates from
a seemingly unrelated regressions procedure, with testing using a Wald test. Data for the stop–go
checkpoint, to evaluate whether or not there was a difference in LVMI between participants with low or
high CASP, used a Student’s t-test.

Data for the TREAT CASP RCT are presented for the intention-to-treat population. The primary outcome
for assessment was the change in LVMI over the 12-month follow-up period and was assessed in all
participants with LVMI data at baseline and study closeout, as prespecified in the study protocol. The change
in LVMI was compared between the two groups using a Student’s t-test without adjustment. The effect
size was estimated using Cohen’s d statistic. Adjustment for potential confounders of the change in LVMI
or other secondary outcomes were made using multivariable models. Additional variables included baseline
LVMI (or the baseline value for the adjusted variable), baseline age, brachial artery BP, smoking history and
measures of adiposity, such as body mass index (BMI). Other variables were added where appropriate.
Careful attention to the adjusted R2 of the models was given to avoid overfitting. Thus, coefficients that only
significantly improved the fit of the models or where a strong case for their known biological importance
could be made were included. Missing data in multivariable models were imputed as the mean of data for
that variable for each treatment arm.

Data at baseline or for the change (i.e. study closeout minus baseline) in various parameters between
individual arms of the TREAT CASP RCT and the observational study were compared using one-way
analysis of variance, with adjustment for multiple comparisons. Correlations between LVMI and other
parameters were assessed using Pearson’s correlation coefficient.

Data distributions were assessed and, where plausible, parametric analyses were used with appropriate
transformation to normality if necessary, for example log-transformation for right-skewed data.

Study procedures/experimental assessments

Clinic blood pressure measurement
Brachial clinic BP was evaluated at heart level over the upper arm with a suitably sized cuff, using a validated
oscillometric monitor (OMRON 705CP-II; Omron Corporation, Kyoto, Japan). Measurements were taken in
standardised conditions with the study participant seated comfortably and relaxed for at least 5 minutes, with
their back and arm supported and the middle of the upper arm at heart level, legs uncrossed and feet flat on
the floor. Participants were requested not to talk during BP measurement. A minimum of three measurements
(up to a maximum of six measurements) were taken 1 minute apart, with measurements continued until three
consecutive SBP and diastolic blood pressure (DBP) readings within 10 mmHg were achieved. The mean of
the last two readings was used to define the BrBP. During the TREAT CASP RCT and observational study,
measurements were taken over both arms at baseline, with the first arm to be measured chosen at random.
The BP from the arm with the highest CASP value was taken as the BrBP and that same arm in each participant
was used for successive measurements during follow-up.

Central aortic systolic pressure measurement
Non-invasive CASP measurement was measured using applanation tonometry with the BPro® device (Healthstats
International Pte Ltd, Singapore). The technique uses a sensitive pressure sensor (i.e. a tonometer) to capture
high-fidelity radial artery pulse waves at the wrist, which are calibrated to a contemporaneous measurement
of BrBP. Mathematical processing using an n-point moving average103 generates a moving average array,
from which CASP is derived. Pulse waves were sampled for 10 seconds immediately following complete cuff
deflation for each individual BP measurement taken, as described in Clinic blood pressure measurement.
The resulting ensemble-averaged pressure waves were calibrated to the previously measured oscillometric
SBP and DBP. As with BrBP, CASP was calculated as the average from the last two BP measurements.
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Ambulatory blood pressure monitoring
Twenty-four-hour ambulatory BP was measured using a validated oscillometric device (90207-30/90207-1Q/
90217-1Q; Spacelabs Healthcare, Hertford, UK). Measurements were taken using a suitably sized cuff over
the participant’s non-dominant arm every 30 minutes during waking hours and every 60 minutes during
sleep, over the course of 24 hours. Participants were asked to complete a diary documenting the time at
which they went to sleep and wakened and other activities that might have influenced their BP during the
measurement period. Data were analysed as 24-hour, waking (daytime) and sleeping (night-time) averages
based on data from the patient diary. A minimum of 14 waking and seven sleeping measurements were
required for each 24-hour measurement to be analysed.

Twelve-lead electrocardiography
Study participants rested supine for ≈ 5 minutes prior to undergoing a 12-lead ECG (ASSY CAM-14
version 2; GE Medical Systems Information Technologies Inc., Wauwatosa, WI, USA). Data were acquired
using a chart speed of 25 mm/second at a sampling frequency of 100 Hz. Data were collected and sorted
on a dedicated laptop for the study using the GE Medical Systems Cardiosoft software (Cardiosoft version
6.73; GE Healthcare, Chicago, IL, USA). Data were exported from extensible markup language (XML) files
directly into the study database.

Phlebotomy/urine sampling
Non-fasting venous blood samples were obtained by venepuncture from a forearm antecubital vein,
dispensed into collection tubes [i.e. K2 EDTA or FX sodium fluoride/potassium oxalate or BD Vacutainer™
SST™ II Advance Tubes (BD Vacutainer Systems; Plymouth, UK)] and analysed by an NHS-accredited
external laboratory (Health Services Laboratories, London, UK) for haematology and clinical chemistry.

Mid-stream urine samples were collected and dipstick assessment of blood, protein and glucose (Multistix®

10SG; Siemens Healthcare Diagnostics, Camberley, UK) was performed. Samples were also sent for analysis
of sodium, potassium and UACR at an accredited external laboratory (Health Services Laboratories).

Height, weight and anthropometric data
The patients’ heights and weights were measured using a stadiometer (Seca 217; Seca Ltd, Birmingham, UK)
and weighing scales (Seca 761; Seca Ltd). Hip and waist circumferences were evaluated with a measuring tape.

Body composition by bioelectrical impedance
Body composition was evaluated for weight, total body fat mass, trunk fat mass, total body impedance,
total body water and trunk fat-free mass using a bioelectrical impedance device (BC-418 Body
Composition Analyser; Tanita Europe BV, Amsterdam, the Netherlands).

Magnetic resonance imaging
Magnetic resonance imaging was carried out at the UCL Institute of Cardiovascular Science Imaging
Centre at Great Ormond Street Hospital in London. All examinations were performed using a five-element
phased-array coil set up on a 1.5-T magnetic resonance imager (MAGNETOM® Avanto; Siemens Healthineers
AG, Erlangen, Germany). A vector electrocardiographic system was used for cardiac gating. All patients
underwent a standard clinical cMRI examination. In all patients, following acquisition of scout images, this
examination included ventricular volumetric assessment (using cardiac-gated breath-hold cine imaging of the
ventricular short axis), ventricular volume assessment [using real-time imaging – radial k-t sensitivity-encoding
(SENSE) imaging] and high-resolution imaging of aortic flow and diameter, which was performed during
breath-hold together with phase-contrast imaging. In addition, diastolic function assessment (E/A ratio)
was made using spiral real-time unfold SENSE phase-contrast imaging together with tissue phase mapping
imaging in a short-axis mid-ventricular slice. Finally, T2-IDEAL (iterative decomposition of water and fat with
echo asymmetry and least squares estimation) imaging of pericardial and whole-body fat was performed.
Details of the imaging protocol are shown in Appendix 1.
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For analysis of ventricular volumes and mass for the primary end point, epicardial and endocardial contours
were drawn across a short-axis stack of 10-mm thick sections using the OsiriX DICOM imaging platform
(version 8.5.1; Pixmeo Sàrl, Bernex, Switzerland). Image frames corresponding to end-systole and end-diastole
were selected in a mid-ventricular slice and epicardial and endocardial contours drawn manually for each slice
in the short-axis stack. Trabeculae and papillary muscle were not excluded. Volumes and mass at end-systole
and end-diastole were calculated using a custom-written plug-in module. Stroke volume was cross-referenced
to flow, as measured in the ascending aorta. All MRI scans were analysed by two independent observers
blinded to treatment allocation of patients.

The intraclass correlation coefficient (ICC) was used to assess agreement for two observers. ICC at baseline
was 0.90 [95% confidence interval (CI) 0.84 to 0.93] for LVMI at end-systole and 0.90 (95% CI 0.85 to 0.93)
and for LVMI diastole. At study closeout, the ICC was 0.89 (95% CI 0.83 to 0.93) for LVMI at end-systole
and 0.89 (95% CI 0.85 to 0.92) for LVMI at end-diastole. Therefore, the primary end point for LVMI and
secondary end point for LV mass is displayed as averaged data for the two observers.

Quality-of-life questionnaire: Short Form questionnaire-36 items
Quality of life and changes to quality of life were assessed using the standard Short Form questionnaire-36
items (SF-36).78 These questionnaires were administered by the study nurse or research assistant at baseline
and study closeout and completed by participants in both the TREAT CASP RCT and the observational study.

Cardio-ankle vascular index
The CAVI is a non-invasive measurement of arterial stiffness and function104,105 and was measured
non-invasively using simultaneous cuff-based oscillometric BP measurements over both arms and ankles,
using a dedicated device (i.e. the vascular screening system VS-1500N; Fukuda Denshi Co., Ltd, Tokyo,
Japan). CAVI reflects stiffness of the whole arterial segment composed of the aorta, femoral artery and
tibial artery. CAVI is analogous to the established arterial parameter, stiffness index β and was calculated
from the PWV over this arterial segment together with BP measured over the brachial artery. PWV was
determined from the pulse transit time over various arterial segments and referenced to a cardiac
phonogram. Measurement of the distance between sites was then used in the calculation of PWV. CAVI
measurements were performed using the vascular profiling device (VS-1500N) at baseline and study
closeout for the TREAT CASP RCT and the observational study.

Retinal photography

Fundal images were acquired using a dedicated retinal camera (Canon CR-DGi; Canon Inc., Tokyo, Japan).
Images were taken in a darkened room without mydriasis acquiring a 45° view in each eye, centred
between the optic nerve and the macula. Images were acquired in TREAT CASP RCT and observational
study follow-up participants at baseline and study closeout.

Physical examination

A standard physical examination was carried out by the study doctor.

Adverse event reporting

The pharmacological intervention used in the RCT was medication routinely prescribed according to national
guidelines for the treatment of hypertension in the UK both as monotherapy and combination therapy, and,
for this reason, the intervention has a good safety profile. Moreover, the UK’s MHRA determined on more
than one occasion that the RCT part of this study did not constitute a CTIMP. Accordingly, an independent
data monitoring and ethics committee was not required for safety monitoring. Nevertheless, data on AEs,
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adverse reactions (ARs) and SAEs were routinely collected at study visits and recorded in the participant’s
notes. In the event of ARs inconsistent with the known safety profile of the study medication, the intention
was to report these via the Yellow Card Scheme through the MHRA website106 and to report such events to
the study sponsor as SUSARS. By the end of the study, no such reports were deemed necessary to be made.

The severity of AEs was assessed by the study physician and the chief investigator, with reference to the
study protocol and the World Health Organization (WHO)’s toxicity grading.107 Expectedness and causality
of AEs were also assessed by the study doctor and chief investigator with regard to clinical judgement and
the known safety profile of the medications as set out in national texts, for example the British National
Formulary.108

Study monitoring/Comprehensive Clinical Trials Unit involvement

The quality assurance (QA) and quality control (QC) considerations for the TREAT CASP RCT were based on
standard UCL CCTU quality management policy that included a formal risk assessment, and that acknowledged
the risk associated with the conduct of the trial and proposals of how to mitigate them through appropriate QA
and QC processes. Risks were defined in terms of their impact on the rights and safety of participants; project
concept including trial design, reliability of results and institutional risk; project management; and other
considerations.

Quality assurance was defined as all the planned and systematic actions established to ensure that the trial
was performed and data generated, documented and/or recorded and reported in compliance with the
approved protocol, the principles of GCP and applicable regulatory requirements. QC was defined as the
operational techniques and activities performed within the QA system to verify that the requirements for
quality of the trial-related activities were fulfilled. A risk assessment was completed for the TREAT CASP
RCT and reviewed by the UCL CCTU Quality Management Group. UCL CCTU staff reviewed case report
forms and electronic data for errors and missing key data points.

Trial oversight was intended to preserve the integrity of the trial by independently verifying a variety of
processes and prompting corrective action where necessary. The processes reviewed related to participant
enrolment, consent, eligibility and allocation to trial groups; adherence to trial interventions and policies to
protect participants, including the reporting of harms; and completeness, accuracy and timeliness of data
collection. Independent trial oversight complied with the UCL CCTU trial oversight policy.

Protocol amendments and changes to recruitment strategy

The stage 1 screening study began in November 2013. By September 2014, recruitment was behind
schedule and it was clear that age was a constraint to recruitment (the study’s original design had been to
recruit patients up to the age of 40 years). Moreover, many recruited participants who attended the study
centre for a detailed cardiovascular investigation were not suitable for further study participation because
their ambulatory BP monitoring, performed at the end of the study screening visit, revealed that their BP
was normal despite a high-seated clinic BP.

To address these concerns, a substantial amendment was approved in February 2014 to raise the
maximum age of study participants from 40 to 55 years. This change was made in order to increase study
recruitment and to maintain consistency with NICE guidelines,4 which use a cut-off point of 55 years for
defining treatment strategies for younger and older patients. In addition, an amendment was made to
introduce a prescreening BP check (i.e. measurement of both clinic BP and ambulatory BP) to identify
participants who were normotensive or had higher grade hypertension, prior to undergoing a detailed
cardiovascular evaluation. This complemented changes to the study’s recruitment strategy, which became
more focused on direct advertising to the general public because searches of GP databases for patients
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identified as having grade 1 hypertension did not provide a reliable source of study recruits, as many were
normotensive on more formal testing of their BP.

We were encouraged to engage with the CPRD, which took considerable time and effort, only to find
that the return from this method of recruitment was very disappointing because, unbeknown to us at the
time, CPRD relied on data solely acquired from GP records using the VISION database system. The VISION
database mainly covered outer London areas and not our immediate locality (i.e. inner London), where
most GPs were using EMIS (Egton Medical Information Systems) Health, which was not accessible to the
CPRD at the time. Moreover, even when letters were dispatched to potential participants via the CPRD, the
response was very poor. It was therefore decided to stop using the CPRD and focus our recruitment effort
on local advertising, which was the most effective strategy and more straightforward.

To further improve recruitment, in 2016 the study team worked with the local NIHR network, Noclor
and recruitment sites were established in local general practice surgeries, where prescreening activities
(recruitment, clinic and ambulatory BP measurement) were performed by Noclor research nurses after
training by our study staff. Participants undergoing successful prescreening were then invited to attend for
a detailed cardiovascular evaluation at the UCL/UCLH clinical research facility. Owing to the length of time
required to recruit all the study participants, compounded by delays introduced by the stop–go process
(see Stop–go: checkpoint for proceeding from stage 1 screening to stage 2 randomised controlled trial and
observational study), a 1-year no-cost extension was granted to the study in 2016.
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Chapter 3 Results

Study recruitment: stage 1 screening study

Participants were recruited into the stage 1 screening study between 15 November 2013 and 19 January 2017.
The final patient was recruited into the stage 1 screening study in January 2017.

From a total of 726 participants recruited into the study, 424 (58%) were excluded either at their prescreening
visit or following the detailed cardiovascular examination, predominantly because their BP was outside the
grade 1 BP range. Thus, 302 participants were confirmed with grade 1 hypertension based on clinic-measured
BP and/or ABPM criteria. Of these 302 participants, using a CASP cut-off point of ≥ 125 mmHg, 200 had high
CASP, 100 had low CASP and CASP was not measurable in two participants. Figure 3 shows the normal
distribution of CASP in the patients with grade 1 hypertension identified in the screening study. Figure 4
shows the study Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

The TREAT CASP stage 1 screening study population

Stage 1 screening study demographics
The demographics and clinical characteristics of the 302 participants identified in the stage 1 screening
study with grade 1 hypertension, stratified by their CASP status, are shown in Tables 3 and 4. The mean age
(± SD) of the participants was 44.0 ± 7.8 years, with a seated clinic SBP of 144.4 ± 10.0 mmHg and DBP of
87.2± 7.2mmHg. Baseline characteristics were similar between the high and the low CASP groups, except that
men in the high CASP group were slightly older and had higher BP measurements (both clinic and ambulatory).
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FIGURE 3 Distribution of CASP values from the screening study population with grade 1 hypertension
(300 participants with grade 1 hypertension and measurable CASP values). The cut-off point for high and low CASP
was ≥ 125mmHg and is shown by the vertical line.
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There was no difference in cardiovascular risk score [QRISK®-lifetime or QRISK 2 at age 60 years (ClinRisk Ltd,
Leeds, UK)] between the groups. By design, CASP was higher in the high CASP group. As expected, pressure
amplification (expressed as BrSBP minus CASP, SBP amplification and PP amplification) was significantly lower
for men in the high CASP group than in the low CASP group (low CASP vs. high CASP – BrSBP minus CASP
difference: 1.75 mmHg, 95% CI 0.3 to 3.2 mmHg; p = 0.01; SBP amplification difference 0.03, 95% CI 0.01 to
0.04; p < 0.001; PP amplification difference 0.11, 95% CI 0.08 to 0.15; p < 0.001).
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evaluation
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Assessed for eligibility
(n=726)

Excluded at screening
(n=424)

Grade 1 hypertension
(n=302)

Not available for
treatment study

evaluation
(n=98)

Treatment study

Assessed for eligibility
(n=204)

Eligibility for RCT/
observational study

(n=162)

TREAT CASP RCT
Randomised
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Completed study
(n = 44)
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• Grade 2 hypertension, n= 72
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• Withdrawn, n=19

• High CASP, n=200
• Low CASP, n=100
• CASP not evaluable, n=2

• Withdrawn, n=2
• Unable to complete

baseline MRI scan, n= 1
• Lost to follow-up, n=2

• Normotensive, n=18
• Grade 2 hypertension, n=19
• Declined further participation, n= 3
• Previous CVD, n = 1 
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• Unable to complete
baseline MRI scan, n=2

• Declined to take
   allocated intervention,
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• Lost to follow-up, n=1
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FIGURE 4 The TREAT CASP RCT CONSORT flow diagram.
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TABLE 3 Demographics and characteristics of the stage 1 screening cohort of participants with grade 1
hypertension differentiated by high and low CASP status (n= 302)

Characteristic

Group

All (n= 302)
Difference (low CASP –

high CASP), mean (95% CI)
Low CASP
(n= 100)

High CASP
(n= 200)

Age (years), mean± SD 41.0 ± 8.4 45.5 ± 7.0 44.0 ± 7.8 –4.50 (–6.39 to –2.54)

Height (cm), mean ± SD 177.4 ± 7.0 177.4 ± 7.6 177.4 ± 7.3 0.05 (–1.74 to 1.84)

Weight (kg), mean± SD 87.5 ± 14.2 88.6 ± 15.5 88.2 ± 15.0 –1.11 (–4.76 to 2.54)

BMI (kg/m2), mean± SD 27.8 ± 4.0 28.1 ± 4.1 28.0 ± 4.0 –0.32 (–1.30 to 0.65)

Waist-to-hip ratio, mean± SD 0.97 ± 0.1 0.99 ± 0.1 0.98 ± 0.1 –0.01 (–0.03 to 0.00)

Trunk fat (kg), mean± SD 12.5 ± 4.5 12.9 ± 5.1 12.7 ± 4.9 –0.42 (–1.65 to 0.80)

QRISK 2 at 60 years (%), mean± SD 8.0 ± 5.1 7.7 ± 4.7 7.8 ± 4.8 0.29 (–0.88 to 1.47)

QRISK-lifetime (%), mean ± SD 45.5 ± 17.1 47.0 ± 17.3 46.5 ± 17.2 –1.49 (–5.69 to 2.71)

Total-to-HDL cholesterol ratio, mean ± SD 4.3 ± 1.4 4.2 ± 1.4 4.2 ± 1.4 0.10 (–0.25 to 0.45)

Current smoker, n (%) 8 (8.0) 5 (2.5) 13 (4.3)

Ethnicity, n (%)

White 69 (69.7) 152 (78.8) 223 (75.9)

Mixed race 2 (2.0) 3 (1.6) 5 (1.7)

Asian 17 (17.2) 23 (11.9) 40 (13.6)

Black 9 (9.1) 13 (6.7) 22 (7.5)

Chinese 2 (2.0) 2 (1.0) 4 (1.4)

HDL, high-density lipoprotein.
Notes
The data show mean ± SD for low and high CASP groups and all participants. The difference between low and high CASP
groups is shown as the mean with 95% CI.

TABLE 4 Blood pressure characteristics of the stage 1 screening cohort of participants with grade 1 hypertension
differentiated by high and low CASP status (n= 302)

Characteristic

Group, mean± SD

All (n= 302),
mean± SD

Difference (low CASP –

high CASP), mean (95% CI)
Low CASP
(n= 100)

High CASP
(n= 200)

Clinic SBP (mmHg) 136.6± 7.8 148.4 ± 8.6 144.4 ± 10.0 –11.85 (–13.85 to –9.84)

Clinic DBP (mmHg) 82.9 ± 6.6 89.4 ± 6.3 87.2± 7.2 –6.55 (–8.10 to –5.00)

Heart rate (beats per minute) 73.0 ± 12.6 68.9 ± 11.4 70.3± 12.0 4.16 (1.31 to 7.02)

Clinic CASP (mmHg) 118.6± 4.8 133.7 ± 7.4 128.6 ± 9.8 –15.1 (–16.54 to –3.74)

SBP minus CASP (mmHg) 14.5 ± 6.4 12.7 ± 4.9 13.3± 5.5 1.75 (0.31 to 3.19)

SBP amplification 1.12 ± 0.05 1.10 ± 0.04 1.10± 0.05 0.03 (0.01 to 0.04)

PP amplification 1.42 ± 0.16 1.31 ± 0.12 1.35± 0.15 0.11 (0.08 to 0.15)

ABPM 24-hour SBP (mmHg) 132.4 ± 6.6 136.4 ± 6.2 135.0 ± 6.6 –4.02 (–5.56 to –2.48)

ABPM 24-hour DBP (mmHg) 83.8 ± 5.3 86.2 ± 5.4 85.3± 5.5 –2.44 (–3.73 to –1.14)

ABPM 24-hour DBP, ambulatory 24-hour DBP; ABPM 24-hour SBP, ambulatory 24-hour SBP; SBP minus CASP, pressure
amplification as BRSBP minus CASP; SBP amplification, amplification as the ratio of SBP to CASP; PP amplification,
amplification as the ratio of brachial to central PP.
Notes
The data show mean ± SD for low and high CASP groups and all participants. The difference between low and high CASP
groups is shown as the mean with 95% CI.
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Transition to the stage 2 TREAT CASP randomised controlled trial and the
observational cohort study

As indicated in Stage 1 screening study demographics, 302 patients were identified who were eligible to
enter the TREAT CASP RCT and the observational study. However, the stop–go checkpoint between stage
1 and stage 2 of the study meant that the screening study had to be completed before any of these
patients could transition to the stage 2 RCT and observational studies.

As a consequence, many patients had to be re-contacted and re-screened many months, and, in some
cases, almost 2 years, after they were originally deemed eligible. As a result, 98 potential participants in
stage 2 were not contactable, were not available or were no longer eligible for further study participation.
This reduced the pool of people available for recruitment into the second stage to 204 (see Figure 4).
Of these 204 participants, a further 42 were excluded on re-screening as a result of the delayed start of
stage 2, predominantly because of a change in their BP status while awaiting the stop–go decision. The
remaining 162 men entered stage 2 of the study. Of these, 57 with low CASP entered the observational
study and 105 with high CASP were randomised into the TREAT CASP RCT. For the RCT, 51 men were
randomised to receive BP-lowering treatment and 54 men were randomised to no treatment. During
follow-up, 17 participants (seven randomised to treatment, five randomised to no treatment and five
participants in the observational study) were excluded or lost to study follow-up. Reasons for exclusion or
loss are shown in Figure 4. By the end of the study, 145 men had completed follow-up, with 44 in the
treatment arm, 49 in the no-treatment arm and 52 in the observational study.

Retrospective evaluation of the stop–go criterion based on baseline
cardiac magnetic resonance imaging data from the stage 2 studies

The stop–go decision was taken to proceed to the second phase of the study (i.e. the TREAT CASP
RCT and the observational study) on the basis of a limited number of cMRI scans (see Figure 2) that
demonstrated that patients with high CASP had a higher LVMI than patients with low CASP. This decision
was then retrospectively evaluated from the much larger number of cMRI data collected at baseline for
the stage 2 study in patients with high and low CASP. Comparison between participants with high CASP
(i.e. TREAT CASP RCT participants) and low CASP (i.e. the observational study participants) demonstrated a
significant difference in LVMI between groups [low CASP LVMI (end-systole): 64.0 ± 8.5 g/m2 (n = 54); high
CASP LVMI (end-systole): 67.9 ± 8.8 g/m2 (n = 101); difference 4.0 g/m2, 95% CI 1.1 to 6.9 g/m2; p < 0.01;
low CASP LVMI (end-diastole): 63.9 ± 8.3 g/m2 (n = 54); high CASP LVMI (end-diastole): 67.5 ± 8.7 g/m2

(n = 101); difference 3.7 g/m2, 95% CI 0.8 to 6.5 g/m2; p = 0.01]. This confirmed that the decision to
proceed to the second-stage RCT was appropriate.

The relationship between CASP and LVMI by linear regression for cMRI scans performed at baseline is
shown in Figures 5 and 6. A clear and positive relationship between LVMI and CASP was seen and a
higher CASP was associated with a higher LVMI. The relationships with clinic-measured and ambulatory
SBP and LVMI are also shown in Figures 5 and 6. Regression analysis of the relationship between LVMI
and BP showed similar regression coefficients and slopes, irrespective of the modality of BP measurement
(ABPM, clinic BP or CASP).

Formal testing of regression coefficients (Fisher’s r-to-z transformation) showed no significant differences
between BP modalities:

l comparison of regression coefficients for LVMI at end-systole versus BP modality (format: regression 1:
regression 2; comparison) –

¢ LVMI versus CASP: LVMI versus brachial SBP; z = –0.19; p = 0.9
¢ LVMI versus CASP: LVMI versus ABPM 24-hour SBP; z = –0.28; p = 0.8
¢ LVMI versus CASP: LVMI versus ABPM daytime SBP; z = –0.66; p = 0.5.
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l comparison of regression coefficients for LVMI at end-diastole (format: regression 1; regression 2;
comparison) –

¢ LVMI versus CASP: LVMI versus brachial SBP; z = –0.09; p = 0.9
¢ LVMI versus CASP: LVMI versus ABPM 24-hour SBP; z = –0.28; p = 0.8
¢ LVMI versus CASP: LVMI versus ABPM daytime SBP; z = –0.66; p = 0.5.

Similarly, comparisons of regression slopes (seemingly unrelated regression estimates) showed no
differences between BP modalities:

l comparison of regression slopes for LVMI at end-systole versus BP modality (format: regression 1;
regression 2; comparison) –

¢ LVMI versus CASP: LVMI versus brachial SBP; χ2 = 0.20; p = 0.7
¢ LVMI versus CASP: LVMI versus ABPM 24-hour SBP; χ2 = 1.62; p = 0.2
¢ LVMI versus CASP: LVMI versus ABPM daytime SBP; χ2 = 2.96; p = 0.1.

l comparison of regression slopes for LVMI at end-diastole (format: regression 1; regression 2;
comparison) –

¢ LVMI versus CASP: LVMI versus brachial SBP; χ2 = 0.15; p = 0.7
¢ LVMI versus CASP: LVMI versus ABPM 24-hour SBP; χ2 = 1.65; p = 0.2
¢ LVMI versus CASP: LVMI versus ABPM daytime SBP; χ2 = 2.96; p = 0.1.

Taken together, these data provide evidence to refute the hypothesis for there being a superior
relationship for CASP with LVMI, compared with any other BP modality used in this study at baseline.
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FIGURE 5 Relationship between LVMI at end-systole and central aortic, clinic-measured and ambulatory SBP.
The regression line is shown with 95% CI.
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Baseline characteristics for the TREAT CASP randomised controlled trial
and the observational study

A total of 162 participants were recruited into the stage 2 TREAT CASP RCT and the observational follow-up
study. The baseline characteristics of these participants are shown in Tables 5–11 and see also Table 17.
The distribution of CASP values at baseline for the TREAT CASP RCT and the observational study in relation
to the cut-off point defining high and low CASP is shown in Figure 7 and was similar to that observed for
participants with grade 1 hypertension in the screening cohort (see Figure 4).

The baseline characteristics were well matched between the TREAT CASP RCT randomised groups. There
were no significant differences in baseline demographics and characteristics between the treatment and
no-treatment arms of the TREAT CASP RCT. However, men in the treatment arm of the RCT were slightly
older (mean 47.7 vs. 46.6 years; p = 0.37) and slightly heavier (mean 90.4 vs. 87.2 kg; p = 0.33) than men
in the no-treatment arm. There was no difference in cardiovascular risk score (i.e. QRISK 2 at age 60 years,
QRISK-lifetime) between the randomised groups.

Baseline characteristics for the TREAT CASP randomised controlled trial
and the observational study by high and low CASP status

The participants with low CASP in the observational study were younger than those with high CASP in the
TREAT CASP RCT (age: observational study, 41.9 ± 8.7 years; TREAT CASP RCT, 47.1 ± 6.2 years; difference
–5.3 years, 95% CI –7.9 to –2.7 years; p < 0.001) and had lower clinic BP (clinic SBP: observational study,
133.3 ± 8.2 mmHg; TREAT CASP RCT, 145.5 ± 6.9 mmHg; difference –12.3 mmHg, 95% CI –14.7 to
–9.9 mmHg, p < 0.001; clinic DBP: observational study, 80.4± 5.1mmHg; TREAT CASP RCT, 89.7 ± 6.4 mmHg;
difference –9.3 mmHg, 95% CI –11.2 to –7.3 mmHg, p < 0.001) and CASP (CASP: observational study,
118.0 ± 5.4 mmHg; TREAT CASP RCT, 133.4 ± 6.3 mmHg; difference –15.4 mmHg, 95% CI –17.4 to
–13.5 mmHg; p < 0.001).
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FIGURE 6 Relationship between LVMI at end-diastole and central aortic, clinic-measured and ambulatory SBP.
The regression line is shown with 95% CI.
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TABLE 5 Baseline demographics for the TREAT CASP RCT and the observational study, by study group

Demographic

TREAT CASP RCT group

Observational study (n= 57)Treatment (n= 51) No treatment (n= 54)

Age (years), mean± SD 47.7± 6.3 46.6± 6.1 41.9 ± 8.7

Height (cm), mean ± SD 177.0 ± 7.1 176.0± 8.2 178.4± 7.5

Weight (kg), mean± SD 90.4± 16.8 87.2± 17.3 88.8 ± 13.1

BMI (kg/m2), mean± SD 28.8± 4.5 28.0± 4.1 27.9 ± 3.5

Trunk fat (kg), mean± SD 13.8± 5.7 12.8± 5.4 12.9 ± 4.4

Trunk fat-free mass (kg), mean ± SD 36.8± 5.1 36.1± 4.9 36.5 ± 4.1

QRISK-lifetime (%), mean ± SD 45.8± 14.3 48.3± 17.5 47.9 ± 18.0

QRISK 2 at 60 years (%), mean± SD 6.6± 3.5 7.7 ± 3.9 8.2 ± 4.9

Waist-to-hip ratio, mean± SD 0.99± 0.08 0.98± 0.07 0.97 ± 0.06

Current smoker, n (%) 5 (9.8) 1 (1.9) 5 (8.8)

Ethnicity, n (%)

White 38 (77.6) 40 (75.5) 42 (77.8)

Mixed race 1 (2.0) 0 (0) 0 (0)

Asian 5 (10.2) 9 (17.0) 10 (18.5)

Black 4 (8.2) 4 (7.5) 2 (3.7)

Chinese 1 (2.0) 0 (0) 0 (0)

TABLE 6 Clinical chemistry parameters at baseline for the RCT and the observational study, by study group

Parameter

TREAT CASP RCT group, mean± SD
Observational study (n= 57),
mean± SDTreatment (n= 51) No treatment (n= 54)

Na+ (mmol/l) 140.8 ± 2.0 141.1± 1.8 140.4± 1.5

K+ (mmol/l) 4.4 ± 0.3 4.3± 0.3 4.3± 0.3

Creatinine (mmol/l) 82.8 ± 12.2 80.3± 11.1 81.8± 12.8

eGFR (ml per minute per 1.73 m2) 95.5 ± 15.9 99.3± 16.5 99.4± 18.5

Albumin (mmol/l) 46.5 ± 2.8 46.9± 2.5 47.4± 2.0

ALP (mmol/l) 64.8 ± 19.0 65.8± 16.5 65.5± 15.7

ALT (mmol/l) 32.4 ± 15.1 37.3± 21.3 34.5± 16.2

Glucose (mmol/l) 4.9 ± 0.5 5.0± 0.7 5.0± 0.8

HbA1c (%) 5.4 ± 0.3 5.3± 0.3 5.4± 0.4

Total cholesterol (mmol/l) 5.3 ± 1.0 5.2± 0.9 5.3± 0.9

HDL cholesterol (mmol/l) 1.4 ± 0.3 1.3± 0.4 1.2± 0.3

LDL cholesterol (mmol/l) 3.2 ± 0.8 3.0± 0.9 3.1± 0.8

Total-to-HDL cholesterol ratio 4.1 ± 1.2 4.3± 1.5 4.6± 1.5

Triglycerides (mmol/l) 1.7 ± 1.0 1.9± 0.9 2.2± 1.3

ALP, alkaline phosphatase; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; HbA1c, glycated
haemoglobin; HDL cholesterol, high-density lipoprotein cholesterol; LDL cholesterol, low-density lipoprotein cholesterol.
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TABLE 7 Haematological parameters at baseline for the TREAT CASP RCT and the observational study, by study
group

Parameter

TREAT CASP RCT group, mean± SD
Observational study (n= 54),
mean± SDTreatment (n= 49) No treatment (n= 53)

Haemoglobin (g/l) 14.9± 0.8 15.0± 0.9 15.1± 0.9

Haematocrit (l/l) 0.44± 0.02 0.44± 0.02 0.44± 0.02

Mean cell volume (fl) 88.7± 3.3 86.9± 4.1 87.3± 5.5

Platelets (× 109/l) 246.6± 44.2 220.7± 39.9 234.0± 43.8

WCC (× 109/l) 6.6± 2.0 6.3± 1.6 6.7± 1.4

Neutrophils (× 109/l) 3.7± 1.3 3.5± 1.1 3.9± 1.2

Lymphocytes (× 109/l) 2.2± 1.1 2.2± 0.7 2.1± 0.7

WCC, white cell count.

TABLE 8 Clinic-measured BP, CASP and pressure amplification at baseline and study closeout for the TREAT CASP
RCT and the observational study, by study group

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

SBP (mmHg)

Treatment 146.0± 7.1 125.8± 9.1** –20.00** –23.30 to –16.60 44

No treatment 145.1± 6.7 135.3± 11.2 –9.60 –12.90 to –6.30 49

Observational 133.3± 8.2 132.0± 9.5 –1.70 –4.30 to 1.00 52

DBP (mmHg)

Treatment 89.4± 6.4 76.0 ± 7.8** –13.00** –15.00 to –11.10 44

No treatment 90.0± 6.5 83.8 ± 8.5 –5.80 –7.90 to –3.70 49

Observational 80.4± 5.1 80.5 ± 6.9 0.10 –1.80 to 1.90 52

Heart rate (beats per minute)

Treatment 66.7± 11.0 68.2 ± 11.8 2.30 –0.50 to 5.10 44

No treatment 66.7± 9.5 68.0 ± 12.1 2.20 –0.70 to 5.10 49

Observational 74.9± 14.3 71.7 ± 13.5 –2.20 –5.70 to 1.30 52

CASP (mmHg)

Treatment 134.0± 7.1 113.1± 8.2** –21.10** –24.40 to –17.90 44

No treatment 132.8± 5.6 122.6± 10.7 –10.20 –13.30 to –7.10 49

Observational 118.0± 5.4 117.1± 8.3 –1.00 –3.30 to 1.30 52

SBP-CASP (mmHg)

Treatment 11.9± 3.4 12.7 ± 5.4 1.20 –0.20 to 2.50 44

No treatment 12.3± 4.5 12.7 ± 3.6 0.60 –0.40 to 1.60 49

Observational 15.3± 5.6 14.9 ± 4.9 –0.70 –1.90 to 0.50 52

SBP amplification

Treatment 1.09± 0.03 1.11 ± 0.05 0.03 0.01 to 0.04 44

No treatment 1.09± 0.03 1.10 ± 0.03 0.01 0.00 to 0.02 49

Observational 1.13± 0.05 1.13 ± 0.04 0.00 –0.01 to 0.01 52

RESULTS
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TABLE 8 Clinic-measured BP, CASP and pressure amplification at baseline and study closeout for the TREAT CASP
RCT and the observational study, by study group (continued )

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

PP amplification

Treatment 1.28± 0.10 1.35 ± 0.15 0.08 0.04 to 0.12 44

No treatment 1.29± 0.11 1.34 ± 0.11 0.05 0.02 to 0.08 49

Observational 1.41± 0.16 1.41 ± 0.14 –0.01 –0.04 to 0.03 52

*p < 0.05, **p < 0.01.
Notes
Treatment vs. no-treatment arm at given time point in study.
Baseline data represent the intention-to-treat population.

TABLE 9 Twenty-four-hour ambulatory blood pressure parameters at baseline and study closeout for the TREAT
CASP RCT and observational study, by study group

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

SBP (mmHg)

Treatment 137.0± 6.6 126.9± 8.0** –10.34** –12.79 to –7.91 43

No treatment 137.4± 6.9 137.3± 9.2 –0.06 –2.31 to 2.18 47

Observational 132.1± 6.5 131.7± 8.0 –1.55 –3.62 to 0.51 47

DBP (mmHg)

Treatment 86.7± 5.7 79.5 ± 6.8** –6.88** –8.58 to –5.19 43

No treatment 87.4± 6.0 87.2 ± 7.9 –0.28 –1.66 to 1.11 47

Observational 83.0± 5.8 82.7 ± 6.8 –0.28 –1.67 to 1.12 47

MAP (mmHg)

Treatment 102.8± 5.5 94.9 ± 6.6** –7.86** –9.64 to –6.08 42

No treatment 103.3± 5.7 103.1± 8.0 –0.21 –1.84 to 1.42 47

Observational 98.6± 4.6 98.3 ± 6.1 –0.55 –2.04 to 0.93 47

PP (mmHg)

Treatment 50.5± 5.6 47.5 ± 6.0* –3.50** –5.07 to –1.93 42

No treatment 50.2± 5.8 50.1 ± 4.8 –0.02 –1.58 to 1.54 47

Observational 49.1± 8.5 49.1 ± 7.7 –1.21 –2.65 to 0.22 47

Heart rate (beats per minute)

Treatment 66.9± 8.7 67.4 ± 8.9 1.60 –0.08 to 3.27 42

No treatment 66.2± 8.3 67.3 ± 9.4 1.68 –0.27 to 3.63 47

Observational 72.6± 8.3 71.0 ± 8.4 0.04 –1.75 to 1.84 47

SBP dip (%)

Treatment 14.4± 6.6 13.2 ± 5.0 –1.45 –3.74 to 0.84 40

No treatment 13.3± 4.5 13.6 ± 5.6 0.16 –1.38 to 1.69 46

Observational 15.1± 4.7 15.1 ± 5.9 –0.05 –2.00 to 1.90 43

DBP dip (%)

Treatment 18.4± 7.2 16.8 ± 7.4 –1.60 –4.26 to 1.06 40

No treatment 16.9± 6.8 16.9 ± 6.1 –0.08 –2.23 to 2.07 47

Observational 20.4± 6.4 20.7 ± 6.6 0.77 –1.43 to 2.98 43

continued
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TABLE 9 Twenty-four-hour ambulatory blood pressure parameters at baseline and study closeout for the TREAT
CASP RCT and observational study, by study group (continued )

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

MAP dip (%)

Treatment 16.7± 6.4 14.3 ± 6.1 –2.25 –4.70 to 0.19 40

No treatment 14.7± 5.6 14.8 ± 6.0 0.00 –1.89 to 1.88 47

Observational 17.4± 5.4 17.4 ± 6.0 0.22 –1.77 to 2.21 43

Successful readings (%)

Treatment 88.9± 12 81.8 ± 18.6 –6.58 –13.05 to –0.10 40

No treatment 89.1± 10 86.3 ± 15.1 –3.17 –7.89 to 1.54 46

Observational 85.7± 16 84.2 ± 17.3 –2.77 –8.52 to 2.99 47

*p < 0.05, **p < 0.01, treatment vs. no-treatment arm for the change (closeout minus baseline).
MAP, mean arterial pressure.
Note
Baseline data represent the intention-to-treat population.

TABLE 10 Daytime ambulatory blood pressure parameters at baseline and study closeout for the TREAT CASP RCT
and observational study, by study group

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

SBP (mmHg)

Treatment 141.0± 6.9 130.2± 7.5** –11.09** –13.65 to –8.54 43

No treatment 141.8± 6.8 141.3± 9.1 –0.28 –2.58 to 2.03 47

Observational 136.6± 6.5 135.8± 8.6 –2.26 –4.65 to 0.14 47

DBP (mmHg)

Treatment 90.0± 5.7 82.1 ± 6.5** –7.60** –9.42 to –5.79 43

No treatment 90.9± 6.2 90.7 ± 8.1 –0.17 –1.67 to 1.33 47

Observational 86.9± 5.7 86.2 ± 6.8 –0.83 –2.39 to 0.73 47

MAP (mmHg)

Treatment 106.6± 5.6 97.6 ± 6.5** –8.88** –10.85 to –6.91 42

No treatment 107.1± 6.1 106.6± 8.2 –0.40 –2.17 to 1.36 47

Observational 102.6± 4.3 101.9± 6.3 –1.04 –2.69 to 0.61 47

PP (mmHg)

Treatment 51.2± 5.8 47.9 ± 5.7* –3.88** –5.47 to –2.29 42

No treatment 51.0± 6.1 50.8 ± 4.9 –0.23 –1.90 to 1.43 47

Observational 49.7± 8.9 49.7 ± 8.2 –1.47 –3.16 to 0.22 47

Heart rate (beats per minute)

Treatment 68.6± 9.1 68.8 ± 9.3 1.50 –0.14 to 3.14 42

No treatment 68.6± 9.5 69.3 ± 10.1 1.49 –0.74 to 3.72 47

Observational 75.7± 8.8 73.4 ± 8.9 –0.55 –2.51 to 1.40 47

*p < 0.05, **p < 0.01, treatment vs. no-treatment arm for the change (closeout minus baseline).
MAP, mean arterial pressure.
Note
Baseline data represent the intention-to-treat population.
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The participants with low CASP in the observational study also had lower ambulatory BP (24-hour SBP:
observational study, 132.1 ± 6.5 mmHg; TREAT CASP RCT, 137.2± 6.7 mmHg; difference –5.2 mmHg, 95% CI
–7.3 to –3.0 mmHg, p < 0.001; 24-hour DBP: observational study, 83.0 ± 5.8 mmHg; TREAT CASP RCT,
87.1 ± 5.8 mmHg; difference –4.1 mmHg, 95% CI –6.0 to –2.2 mmHg, p < 0.001). Participants with low
CASP in the observational study also had higher heart rates on ECG than those with high CASP in the TREAT
CASP RCT (heart rate: observational study, 68.6 ± 12.9 beats per minute; TREAT CASP RCT, 61.3 ± 9.5
beats per minute; difference 7.3 beats per minute, 95% CI 3.4 to 11.2 beats per minute; p < 0.001).

Baseline blood pressure characteristics for the TREAT CASP randomised
controlled trial and the observational study

Patients were entered into the study with grade 1 hypertension according to clinic BP and/or ABPM. No
patient with grade 1 hypertension as determined by clinic BP had a normal ABPM (i.e. < 135/85 mmHg
daytime mean). The majority of participants (81%) with low CASP had high–normal clinic BP (i.e. 130–139/
80–89 mmHg) but qualified for the study because their ABPM was in the grade 1 hypertensive range.
In the observation study group, 19% of participants had a clinic BP in the grade 1 hypertension range.

TABLE 11 Night-time ambulatory blood pressure parameters at baseline and study closeout for the TREAT CASP
RCT and observational study, by study group

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

SBP (mmHg)

Treatment 121.0± 10.6 112.8± 9.4** –8.17** –11.37 to –4.97 41

No treatment 122.8± 8.6 122.2± 11.5 –0.55 –3.17 to 2.07 47

Observational 116.0± 7.5 115.6± 9.1 –1.55 –3.79 to 0.70 44

DBP (mmHg)

Treatment 73.6± 8.3 68.1 ± 8.2** –5.22** –7.26 to –3.18 41

No treatment 75.4± 7.2 75.1 ± 8.0 –0.21 –2.15 to 1.72 47

Observational 69.2± 7.0 68.6 ± 7.9 –0.95 –2.65 to 0.75 44

MAP (mmHg)

Treatment 88.9± 8.4 83.3 ± 7.7** –5.33** –7.51 to –3.1 40

No treatment 90.7± 6.8 90.8 ± 8.4 0.17 –1.67 to 2.0 47

Observational 84.7± 6.1 84.3 ± 7.4 –0.84 –2.67 to 0.98 44

PP (mmHg)

Treatment 47.2± 6.5 44.7 ± 6.9* –2.85 –4.97 to –0.73 40

No treatment 47.7± 5.7 47.6 ± 5.7 –0.26 –1.97 to 1.46 47

Observational 46.8± 7.9 47.0 ± 7.3 –0.52 –2.09 to 1.04 44

Heart rate (beats per minute)

Treatment 60.2± 8.5 61.5 ± 8.2 1.85 –0.53 to 4.23 40

No treatment 59.2± 7.5 59.3 ± 8.8 0.34 –1.57 to 2.25 47

Observational 61.6± 7.5 61.9 ± 8.5 1.07 –1.07 to 3.21 44

*p < 0.05, **p < 0.01, treatment vs. no-treatment arm for the change (closeout minus baseline).
MAP, mean arterial pressure.
Note
Baseline data represent the intention-to-treat population.
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In contrast, the majority of participants (85%) with high CASP were classified with grade 1 hypertension
as determined by clinic BP. The remainder of the participants qualified because their ABPM was in the
grade 1 hypertension range. There was no difference in baseline cardiovascular risk score between the
observational group and TREAT CASP RCT participants (QRISK 2 at age 60 years: observational study,
8.2% ± 4.9%; TREAT CASP RCT, 7.2% ± 3.7%, difference 1.1%, 95% CI –0.4% to 2.5%; p = 0.16.
QRISK-lifetime: observational study, 47.9% ± 18.0%; TREAT CASP RCT, 47.1% ± 16.0%, difference 0.8%,
95% CI –4.6% to 6.3%; p = 0.8).

Baseline pressure amplification characteristics for the TREAT CASP
randomised controlled trial and the observational study

Pressure amplification at baseline differed, as expected, between men with low CASP in the observational
study and men with high CASP in the TREAT CASP RCT (low CASP vs. high CASP: BrSBP minus CASP
difference: 3.1 mmHg, 95% CI 1.5 to 4.8 mmHg, p < 0.001; SBP amplification difference: 0.04, 95% CI
0.02 to 0.05, p < 0.001; PP amplification difference: 0.13, 95% CI 0.08 to 0.18, p < 0.001; see Table 8).

Relationship between clinic blood pressure and central aortic systolic
pressure in high and low central aortic systolic pressure patient groups

The relationship between CASP and BrSBP for 663 men recruited into the stage 1 screening study is shown
in Figure 8. Figure 8 shows that there was a good relationship between CASP and BrSBP, with moderate
scatter around the line of regression. This indicates that CASP and BrSBP track well with each other.
It was also demonstrated that the median BrSBP for patients in the high CASP range was 148.5 mmHg
and 40% of patients with high CASP had a BrSBP in the upper half of the grade 1 hypertension range
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FIGURE 7 Distribution of CASP values at baseline from the pooled TREAT CASP RCT (i.e. those participants
with high CASP) and the observational study (i.e. those participants with low CASP) population with grade 1
hypertension (n= 162). The cut-off point for high and low CASP (≥ 125mmHg) is shown by the vertical line.
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(i.e. ≥ 150–159 mmHg). In this BrSBP range (i.e. ≥ 150–159 mmHg), low CASP (i.e. < 125 mmHg) was found
in only seven people (≈ 1%). In fact, across the entire SBP range for grade 1 hypertension (i.e. ≥ 140–159mmHg),
low CASP was found in only 53 people (i.e. only 8% of the initial screening population). This indicates that
the prevalence of high systolic pressure amplification resulting in low CASP in younger patients with grade 1
hypertension is actually quite low. This illustrates why matching the BrSBP in groups with high and low CASP
was very difficult to achieve.

Interestingly, the data in Figure 8a also indicate that the line of regression between SBP and CASP
intersects a CASP value of 125 mmHg for a SBP of 140 mmHg (the threshold BP for grade 1 hypertension).
This suggests that the level of CASP used in this study to categorise high and low CASP values was
appropriate for people with grade 1 hypertension.

Seated clinic blood pressure changes during randomised controlled trial
and observational study follow-up

Seated clinic BP and CASP during study follow-up are shown in Figure 9 and Table 8.

The average SBP, DBP and CASP were reduced from baseline in both the treatment and no-treatment
groups and these reductions were sustained throughout the course of study follow-up. By the end of the
study follow-up (i.e. study closeout), the changes from baseline were:

l treatment –

¢ BP change: –20.0 mmHg (95% CI –23.3 to –16.6 mmHg)/–13.0 mmHg (95% CI –15.0 to –11.1 mmHg)
¢ CASP change: –21.1 mmHg (95% CI –24.4 to –17.9 mmHg).

l no treatment –

¢ BP change: –9.6 mmHg (95% CI –12.9 to –6.3 mmHg)/–5.8 mmHg (95% CI –7.9 to –3.7 mmHg)
¢ CASP change: –10.2 mmHg (95% CI –13.3 to –7.1 mmHg).
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FIGURE 8 The relationship between CASP and BrSBP for participants in the TREAT CASP screening study.
(a) Linear regression between SBP and CASP showing the prevalence of SBP in the grade 1 hypertension range
(140–159mmHg) and low CASP (i.e. < 125mmHg). Points in green show participants with a SBP of 140–149mmHg
and low CASP. Points in blue show participants with a SBP of 150–159mmHg and low CASP. (b) Frequency
distributions for SBP in people with low CASP (green) and people with high CASP (black shading). Blue and
light-green areas show the overlap of SBP for people with low CASP and a SBP of 140–159mmHg (light green)
and 150–159mmHg (blue).
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FIGURE 9 Clinic-measured SBP (a), DBP (b) and CASP (c) (mean± SD) throughout the TREAT CASP RCT. The SBP, DBP and
CASP values are presented as means± SDs. The AUC data (d) are displayed as means and 95% CIs. **p< 0.01. AUC, area
under the curve. (continued )
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Using area under the curve, the changes in SBP, DBP and CASP (baseline to study closeout) were significantly
greater for the treatment arm than the no-treatment arm of the TREAT CASP RCT (all p < 0.001) (see Figure 9).

By contrast, clinic BP and CASP showed no significant change during follow-up for participants in the
observational study [clinic BP change –1.7 mmHg (95% CI –4.3 to 1.0 mmHg)/0.1 mmHg (95% CI –1.8 to
1.9 mmHg); CASP change –1.0 mmHg (95% CI –3.3 to 1.3 mmHg); see Table 8 and Figure 10].

Ambulatory blood pressure changes during TREAT CASP RCT and
observational study follow-up

Ambulatory BP was measured at baseline and study closeout in the TREAT CASP RCT and observational
study. For participants in the treatment arm, ambulatory BP decreased significantly between baseline and
study closeout [24-hour BP change –10.3 mmHg (95% CI –12.8 to –7.9 mmHg)/–6.9 mmHg (95% CI
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–8.6 to –5.2 mmHg); p < 0.001 for both]. By contrast, there was no significant change for participants in
the no-treatment arm [24-hour BP change –0.1 mmHg (95% CI –2.3 to 2.2 mmHg; p = 0.95)/–0.3 mmHg
(95% CI –1.7 to 1.1 mmHg; p = 0.7)]. No significant change in ambulatory BP was observed in the
observational study [24-hour BP change: –1.6 mmHg (95% CI –3.6 to 0.5 mmHg; p = 0.1)/–0.3 mmHg
(95% CI –1.7 to 1.1 mmHg; p = 0.7)]. Although there was little change in ambulatory BP during study
follow-up for participants in the no-treatment arm and observational study, there was considerable
variability in the range of values for ABPM change within individual participants. These data are shown
in Tables 9–11 and Figures 11 and 12.

Medication time course

The treatment dose and number of treatments are described as a defined daily dose (DDD) in accordance with
the WHO’s classification index.109 According to the DDD method, the starting dose of any drug (i.e. 50 mg of
losartan o.d. or 5 mg of amlodipine o.d. is defined as 1 DDD). One hundred mg of losartan o.d. or 10mg of
amlodipine o.d. each represent 2 DDDs, or a combination of 50 mg of losartan and 5 mg of amlodipine o.d.
is 2 DDDs (see Table 4). Participants randomised to treatment, received treatment for, an average of, 373 ±
16 days. The majority of participants in the treatment arm completed the study on 2 DDDs (n = 26). Ten
participants completed the study on 3 DDDs, whereas seven participants were treated with 1 DDD throughout
the trial. One participant discontinued taking study medication shortly after randomisation, but was followed
up to study closeout according to intention to treat. For those participants receiving more than one DDD,
mean time to first up-titration of treatment was 63 ± 45 days and 136 ± 72 days to the second up-titration.
For all study participants, the average time spent on 1 DDD was 118 ± 125 days, 2 DDDs was 243 ± 114 days
and 3 DDDs was 244± 69 days. The total time spent on each DDD for participants completing the study on 1,
2 or 3 DDDs is shown in Table 12. None of the study participants allocated to treatment had their medication
down-titrated by the study physician during follow-up. Those participants randomised to no treatment were
followed up for, an average of, 378 ± 36 days.
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FIGURE 11 Ambulatory SBP during RCT and observational study follow-up. Change in 24-hour ambulatory SBP
between baseline and study closeout by randomised or allocated study group (a–c – upper panel) showing absolute
number (and percentage) of participants with positive and negative changes. Absolute values for 24-hour ambulatory
SBP at baseline and study closeout with means± SDs also shown (d–f – lower panel). Significant differences (p< 0.001)
within participants (overtime) are indicated with ***.
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Outcomes

Primary end point: change in left ventricular mass index
The primary outcome for the TREAT CASP RCT was the change in LVMI (i.e. baseline to study closeout),
comparing the treatment versus the no-treatment arms. Analysis was performed according to original
randomised group and LVMI was evaluated at both end-systole and end-diastole. Baseline LVMI was
similar between the treatment arms [treatment vs. no treatment, baseline LVMI (end-systole): 67.9 ± 8.9
vs. 67.9 ± 8.7 g/m2; baseline LVMI (end-diastole): 67.6 ± 8.7 vs. 67.5 ± 8.8 g/m2].
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FIGURE 12 Ambulatory DBP during RCT and observational study follow-up. Change in 24-hour ambulatory DBP
between baseline and study closeout by randomised or allocated study group (a–c – upper panel) showing absolute
number (and percentage) of participants with positive and negative changes. Absolute values for 24-hour ambulatory
SBP at baseline and study closeout with means± SDs also shown (d–f – lower panel). Significant differences (p< 0.001)
within the participants (overtime) are indicated with ***.

TABLE 12 Defined daily doses of medications during the study. Treatment titration summary of mean number of
days spent on first, second and third DDD for groups of patients who have completed the study on either 1, 2 or
3 DDDs

Time

Completed on

1 DDD (n= 7) 2 DDDs (n= 26) 3 DDDs (n= 10)

Number of days on:

1 DDD 368 66 55

2 DDDs N/A 306 80

3 DDDs N/A N/A 244

DDD, defined daily dose of medication according to reference;109 N/A, not applicable.
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Unadjusted analysis (Student’s t-test) for the primary end point showed a significantly greater reduction
in LVMI with treatment than with no treatment [treatment vs. no treatment: LVMI (end-systole) change
(baseline to study closeout) –3.3 g/m2 (95% CI –4.5 to –2.2 g/m2) vs. –0.9 g/m2 (95% CI –1.7 to –0.2 g/m2);
difference –2.4 g/m2 (95% CI –3.8 to –1.0 g/m2); p < 0.01] (Table 13 and Figure 13). A similar effect of
treatment was observed with the evaluation of the primary end point at end-diastole [treatment vs. no
treatment: LVMI (end-diastole) change (baseline to study closeout) –3.4 g/m2 (95% CI –4.5 to –2.2 g/m2)
vs. –1.0 g/m2 (95% CI –1.7 to –0.3 g/m2); difference –2.4 g/m2 (95% CI –3.7 to –1.0 g/m2; p < 0.01]
(Table 13 and Figure 13). Effect sizes calculated using Cohen’s d statistic were –0.74 (LVMI end-systole)
and –0.75 (LVMI end-diastole), indicating a medium-to-large effect of treatment.

TABLE 13 Primary outcome: LVMI at baseline and study closeout for the TREAT CASP RCT and observational study,
by study group

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

LVMI systole (g/m2)

Treatment 67.9 ± 8.9 65.1 ± 8.6 –3.34** –4.53 to –2.15 44

No treatment 67.9 ± 8.7 67.5 ± 8.7 –0.94 –1.66 to –0.22 49

Observational 64.0 ± 8.5 63.9 ± 8.1 –0.49 –1.22 to 0.23 52

LVMI diastole (g/m2)

Treatment 67.6 ± 8.7 64.8 ± 8.4 –3.37** –4.52 to –2.23 44

No treatment 67.5 ± 8.8 67.0 ± 8.7 –1.00 –1.73 to –0.27 49

Observational 63.9 ± 8.3 63.6 ± 7.9 –0.66 –1.40 to 0.09 52

*p < 0.05, **p < 0.01, treatment vs. no-treatment arm for the change (closeout minus baseline).
LVMI diastole, LVMI at end-diastole indexed to body surface area; LVMI systole, LVMI at end-systole indexed to body
surface area.
Notes
The effect size, calculated using Cohen’s d statistic, was –0.74 for LVMI evaluated at end-systole and –0.75 for LVMI
evaluated at end-diastole.
Baseline data represent the intention-to-treat population.
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The primary end point was then analysed using an analysis of covariance model. The change in LVMI
(baseline to study closeout) at end-systole was adjusted for baseline covariates, including age, LVMI, clinic
BP, heart rate, smoking status, waist-to-hip ratio and trunk fat-free mass. Correlations within the model
were found for baseline LVMI (p = 0.06), heart rate (p < 0.01), smoking status (p = 0.06) and trunk fat-free
mass (p < 0.01). The significant effect of treatment on the change in LVMI (baseline to study closeout) was
maintained after adjustment [treatment: adjusted LVMI change (end-systole) –3.2 g/m2, 95% CI –4.1 to
–2.3 g/m2; no treatment: –1.1 g/m2, 95% CI –2.0 to –0.2 g/m2; difference –2.1 g/m2, 95% CI –0.8 to
–3.4 g/m2]. Similar results were obtained for the change in LVMI at end-diastole [treatment: adjusted LVMI
change (end-diastole) –3.2 g/m2, 95% CI –4.1 to –2.3 g/m2; no treatment: –1.1 g/m2, 95% CI –2.0 to
–0.3 g/m2; difference –2.1 g/m2, 95% CI –3.3 to –0.8 g/m2].

Secondary end point: change in unindexed left ventricular mass
Unindexed LV mass was specified as a secondary outcome. Baseline values for LV mass were:

l 140.8 ± 23.5 g for the treatment arm (end-systole)
l 138.1 ± 24.1 g for the no-treatment arm (end-systole)
l 140.2 ± 23.2 g for the treatment arm (end-diastole)
l 137.2 ± 24.3 g for the no-treatment arm (end-diastole).

There was a greater reduction in LV mass at end-systole with treatment [treatment vs. no treatment: LV mass
(end-systole) change (baseline to study closeout) –6.3 g (95% CI –8.7 to –4.0 g) vs. –1.5 g (95% CI –3.0 to
0.0 g); difference –4.9 g (95% CI –7.6 to –2.2 g); p < 0.001]. Similar results were seen for LV mass evaluated at
end-diastole [treatment vs. no treatment: LV mass (end-diastole) change –6.4 g (95% CI –8.6 to –4.2 g) vs. –1.6 g
(95% CI –3.1 to –0.1 g); difference –4.8 g (95% CI –7.5 to –2.1 g); p < 0.001)] (Table 14 and see Figure 14).
The effect sizes were –0.75 for LV mass at end-systole and –0.76 for LV mass at end-diastole, suggesting a
medium-to-large effect of treatment. Differences were maintained after adjustment for baseline covariates,
as used for analysis of the primary outcome [treatment-adjusted LV mass change (end-systole): –5.9 g,
95% CI –7.8 to –4.0 g; no-treatment-adjusted LV mass change (end-systole): –1.9 g, 95% CI –3.7 to 0.0 g;
difference –4.0 g, 95% CI –6.8 to –1.4 g; treatment-adjusted LV mass change (end-diastole): –6.0 g,
95% CI –7.9 to –4.1 g; no-treatment-adjusted LV mass change (end-diastole): –2.0 g, 95% CI –3.7 to –0.2 g;
difference –4.0 g, 95% CI –6.7 to –1.4 g].

TABLE 14 Unindexed LV mass at baseline and study closeout for the TREAT CASP RCT and observational study,
by study group

Outcome

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

LVM end-systole (g)

Treatment 140.8 ± 23.5 135.7± 23.2 –6.34** –8.68 to –4.01 44

No treatment 138.1 ± 24.1 137.7± 24.6 –1.48 –3.01 to 0.04 49

Observational 132.6 ± 23.8 132.4± 22.9 –1.16 –2.60 to 0.28 52

LVM end-diastole (g)

Treatment 140.2 ± 23.2 135.0± 23.1 –6.39** –8.63 to –4.16 44

No treatment 137.2 ± 24.3 136.7± 24.6 –1.60 –3.11 to –0.09 49

Observational 132.4 ± 23.3 131.8± 22.4 –1.47 –2.94 to 0.00 52

*p < 0.05, **p < 0.01, treatment vs. no-treatment arm for the change (closeout minus baseline).
LVM diastole, LV mass at end-diastole; LVM systole, LV mass at end-systole.
Notes
The effect size, calculated using Cohen’s d statistic, was –0.75 for LV mass evaluated at end-systole and –0.76 for LV mass
evaluated at end-diastole.
Baseline data represent the intention-to-treat population.
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Secondary end point: left ventricular mass index in the observational study
In the observational study, the baseline LVMI was 64.0 ± 8.5 g/m2 at end-systole and 63.9 ± 8.3 g/m2 at
end-diastole. These values are significantly lower than the corresponding baseline LVMI in TREAT CASP
RCT participants [67.9 ± 8.8 g/m2 (end-systole); 67.5 ± 8.7 g/m2 (end-diastole); p < 0.01 and p = 0.01,
respectively; see Table 13].

There was a small non-significant reduction in LVMI in observational study participants (baseline to study
closeout) after 12 months’ follow-up [LVMI change (end-systole): –0.5 g/m2, 95% CI –1.2 to 0.2 g/m2,
p = 0.18; LVMI change (end-diastole): –0.7 g/m2, 95% CI –1.4 to 0.1 g/m2, p = 0.08].

Secondary end point: comparison of change in left ventricular mass indices across
observational study and TREAT CASP randomised controlled trial participants
Comparing the changes in LVMI and unindexed LV mass after 12 months, for all three groups [treatment
group in the TREAT CASP RCT (i.e. high CASP), no-treatment group in the TREAT CASP RCT (i.e. high
CASP) and observational study (low CASP)], showed that the reduction in LVMI and unindexed LV mass
was significantly greater with treatment than for either of the other two groups (i.e. no treatment and
observational study; see Tables 13 and 14 and Figure 14). BP-lowering treatment in people with high CASP
reduced their LVMI to values approaching those seen in the observational study group [treatment vs.
observational: LVMI (end-systole) at study closeout, 65.1 ± 8.6 vs. 63.9 ± 8.1 g/m2; difference –1.2 g/m2,
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95% CI –4.6 to 2.2 g/m2, p = 0.47; treatment vs. observational: LV mass (end-systole) at study closeout,
135.7 ± 23.2 vs. 132.4 ± 22.9 g; difference –3.3 g, 95% CI –12.7 to 6.1 g, p = 0.48]; see Table 14 and
Figure 13. By contrast, at study closeout, LVMI was higher in the TREAT CASP RCT no-treatment group
than in the observational group [no treatment vs. observational: LVMI (end-systole), 67.5 ± 8.7 vs.
63.9 ± 8.1 g/m2; difference –3.6 g/m2, 95% CI –6.9 to –0.3 g/m2; p = 0.04].

Secondary end point: additional analyses of cardiac magnetic resonance
imaging parameters
Data for cardiac volumes, aortic flow and cardiac output are shown in Tables 15 and 16. A substantial
number of additional data were acquired from the cMRI scans, including cardiac diastolic functional
parameters (including tissue-phase mapping) and aortic stiffness and compliance. These data are the
subject of ongoing analyses for subsequent reports.

TABLE 15 Cardiac volumes as assessed by MRI at baseline and study closeout for the TREAT CASP RCT and
observational study, by study arm

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Study closeout Mean 95% CI

EDV (ml)

Treatment 145.3± 26.0 145.0± 25.9 –0.32 –4.79 to 4.15 44

No treatment 139.1± 27.1 139.8± 26.8 0.09 –2.90 to 3.08 49

Observational 144.2± 30.5 143.9± 31.7 –1.22 –4.41 to 1.97 52

ESV (ml)

Treatment 50.8± 14.8 48.4± 13.6 –2.34 –5.39 to 0.71 44

No treatment 47.1± 13.8 48.2± 15.3 0.81 –1.74 to 3.35 49

Observational 52.0± 15.7 51.6± 15.6 –0.45 –2.80 to 1.89 52

SV (ml)

Treatment 94.6± 17.7 96.6± 18.2 1.98 –2.17 to 6.12 44

No treatment 92.1± 18.0 91.6± 17.2 –0.85 –3.39 to 1.69 49

Observational 92.1± 18.9 92.3± 20.6 –0.81 –3.33 to 1.72 52

EF (%)

Treatment 65.4± 6.9 66.9± 6.4 1.44 –0.38 to 3.27 44

No treatment 66.5± 6.0 66.0± 6.7 –0.50 –2.02 to 1.02 49

Observational 64.3± 5.6 64.4± 5.9 –0.18 –1.43 to 1.07 52

CO (l/minute)

Treatment 6.1± 1.3 6.1± 1.2 0.02 –0.41 to 0.46 44

No treatment 6.1± 1.4 5.8± 1.3 –0.31 –0.63 to 0.02 49

Observational 6.5± 1.4 6.3± 1.3 –0.21 –0.53 to 0.11 51

CO, cardiac output; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; SV, stroke volume.
Note
Baseline data represent the intention-to-treat population.
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Secondary end point: 12-lead electrocardiogram voltages at baseline and changes
during follow-up
Electrocardiography voltage criteria are used clinically as a marker of LVH110 and were evaluated in this
study as a prespecified secondary end point. ECG voltage was assessed by three common criteria to
approximate LV mass:

1. Cornell voltage
2. voltage in lead aVL
3. Sokolow–Lyon voltage.110

At baseline, voltage in lead aVL was significantly higher for participants with high CASP versus low CASP
(high CASP vs. low CASP: aVL voltage 662.9 ± 398.6 µV vs. 501.1 ± 357.6 µV; p = 0.01). Cornell voltage
was also higher at baseline for participants with high CASP, but the difference did not achieve significance
(high CASP vs. low CASP: Cornell voltage 1.7 ± 0.6 mV vs. 1.6 ± 0.6 mV; p = 0.4).

TABLE 16 Aortic flow as assessed by MRI at baseline and study closeout for the TREAT CASP RCT and observational
study

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

FF (ml)

Treatment 96.5 ± 18.1 98.3 ± 20.0 1.86 –2.61 to 6.34 44

No treatment 94.3 ± 18.8 93.0 ± 16.9 –1.64 –4.38 to 1.09 49

Observational 94.1 ± 19.6 93.5 ± 20.6 –1.50 –4.10 to 1.10 52

BF (%)

Treatment 2.2 ± 1.1 2.2 ± 1.3 –0.10 –0.52 to 0.32 44

No treatment 2.5 ± 1.6 2.2 ± 1.2 –0.19 –0.60 to 0.21 49

Observational 2.2 ± 1.2 2.0 ± 1.2 –0.22 –0.69 to 0.25 52

Net FF (ml)

Treatment 94.2 ± 18.3 96.1 ± 20.0 1.97 –2.56 to 6.49 44

No treatment 91.8 ± 18.5 90.7 ± 16.9 –1.51 –4.25 to 1.23 49

Observational 92.0 ± 19.4 91.5 ± 21.0 –1.49 –4.23 to 1.24 52

RF (%)

Treatment 2.4 ± 1.4 2.3 ± 1.4 –0.12 –0.64 to 0.39 44

No treatment 2.7 ± 1.8 2.5 ± 1.3 –0.08 –0.56 to 0.40 49

Observational 2.3 ± 1.3 2.2 ± 1.5 –0.10 –0.63 to 0.44 52

CO (l/minute)

Treatment 6.1 ± 1.4 6.0 ± 1.2 –0.01 –0.41 to 0.39 44

No treatment 6.1 ± 1.5 5.7 ± 1.3 –0.39 –0.72 to –0.06 49

Observational 6.4 ± 1.4 6.2 ± 1.2 –0.29 –0.58 to 0.01 52

BF, backward flow; CO, cardiac output; FF, forward flow; net FF, net forward flow; RF, regurgitation fraction.
Note
Baseline data represent the intention-to-treat population.
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In the TREAT CASP RCT, BP lowering was associated with a reduction in both Cornell and aVL voltages,
although this did not quite achieve significance for voltage in lead aVL (treatment: Cornell voltage change
(baseline to study closeout) –0.2 mV, 95% CI –0.2 to –0.1 mV, p < 0.01; aVL voltage change –51.5 µV,
95% CI –104.6 to 1.6 µV, p = 0.06). By contrast, Cornell and aVL voltage both increased after 12 months’
follow-up for the no-treatment group (no treatment: Cornell voltage change 0.1 mV, 95% CI 0.0 to 0.2 mV,
p < 0.01; aVL voltage change 68.7 µV, 95% CI 5.0 to 132.4 µV, p = 0.035); Table 17 and Figure 15. Taken
together, a highly significant difference was seen for the change in voltage for these parameters between

TABLE 17 Electrocardiogram parameters at baseline and study closeout for the TREAT CASP RCT and the
observational study, by study group

Parameter

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

ECG rate (beats per minute)

Treatment 60.8± 10.3 62.9± 10.6 2.22 –0.86 to 5.30 44

No treatment 61.7± 8.7 63.8± 10.3 2.34 –0.41 to 5.09 47

Observational 68.6± 12.9 65.3± 11.5 –2.13 –5.18 to 0.93 51

PR interval (milliseconds)

Treatment 169.0± 26.1 169.4± 24.8 –0.05* –3.73 to 3.64 44

No treatment 164.8± 18.8 167.7± 18.6 4.04 0.57 to 7.52 47

Observational 161.2± 21.6 164.4± 21.9 1.14 –1.72 to 3.99 51

QRS duration (milliseconds)

Treatment 96.0± 10.7 95.4± 12.0 –0.45 –2.55 to 1.64 44

No treatment 93.8± 7.1 93.6± 6.9 –0.04 –1.15 to 1.06 47

Observational 99.0± 13.9 99.5± 14.5 0.59 –0.57 to 1.74 51

QTc (milliseconds)

Treatment 405.5± 23.6 407.0± 24.8 2.23 –4.26 to 8.71 44

No treatment 404.2± 19.0 407.8± 21.4 2.72 –2.29 to 7.73 47

Observational 407.0± 23.3 405.3± 17.5 –0.86 –6.34 to 4.61 51

Cornell voltage (mV)

Treatment 1.7± 0.6 1.5 ± 0.4 –0.15** –0.24 to –0.06 43

No treatment 1.6± 0.5 1.7 ± 0.5 0.12 0.04 to 0.21 46

Observational 1.6± 0.6 1.6 ± 0.7 –0.02 –0.10 to 0.06 50

aVL voltage (µV)

Treatment 679.7± 380.5 644.9± 356.5 –51.51** –104.59 to 1.57 43

No treatment 646.8± 418.2 652.4± 422.5 68.70 4.99 to 132.41 46

Observational 501.1± 357.6 518.8± 340.0 21.18 –23.37 to 65.73 51

Sokolow–Lyon voltage (mV)

Treatment 2.4± 0.7 2.3 ± 0.7 –0.08 –0.20 to 0.05 38

No treatment 2.5± 0.7 2.5 ± 0.8 –0.11 –0.23 to 0.00 42

Observational 2.4± 0.8 2.4 ± 0.9 –0.05 –0.17 to 0.08 49

*p < 0.05, **p < 0.01, treatment vs. no-treatment arm for the change (closeout minus baseline).
Note
Baseline data represent the intention-to-treat population.
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TREAT CASP RCT groups (i.e. treatment vs. no treatment; difference in Cornell voltage change: –0.3 mV,
95% CI –0.4 to –0.2 mV, p < 0.001; difference in aVL voltage change: –120.2 µV, 95% CI –202.1 to
–37.8 µV, p < 0.01). Effect sizes using Cohen’s d statistic were –0.97 for Cornell voltage change and –0.62
for aVL voltage change, thus suggesting large and medium effects of treatment, respectively. Differences
were maintained after adjustment for baseline covariates (treatment: adjusted Cornell voltage change
–0.1 mV, 95% CI –0.2 to –0.1 mV; no treatment: adjusted Cornell voltage change 0.1 mV, 95% CI 0.0 to
0.2 mV; difference –0.2 mV, 95% CI –0.4 to –0.1 mV; treatment-adjusted aVL voltage change –49.1 µV,
95% CI –109.2 to 11.0 µV; no treatment-adjusted aVL voltage change 66.4 µV, 95% CI 8.4 to 124.4 µV;
difference –115.5 µV, 95% CI –201.0 to –30.0 µV).

In the observational study of low CASP participants, the Cornell and aVL voltages were unchanged after
12 months’ follow-up [Cornell voltage change (baseline to study closeout): 0.0 mV, 95% CI –0.1 to
0.1 mV; aVL change: 21.2 µV, 95% CI –23.4 to 65.7 µV; see Table 17 and Figure 15].

The Sokolow–Lyon voltage criteria showed no significant differences between groups (low CASP vs. high
CASP) at baseline or study closeout. Furthermore, there was no change in Sokolow–Lyon voltage at study
closeout after treatment for 12 months. There was, however, a small reduction in Sokolow–Lyon voltage
after 12 months’ follow-up for the no-treatment arm [no treatment Sokolow–Lyon voltage change
(baseline to study closeout): –0.1 mV, 95% CI –0.2 to 0.0 mV, p = 0.05; see Table 17 and Figure 15].
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Urinary albumin-to-creatinine ratio
The UACR was measured at baseline and study closeout. As this study was in a relatively healthy study
population without evidence of HMOD, diabetes mellitus or CKD, as expected, many urine samples were
returned with undetectable albumin levels. A total of 55 participants (treatment, n = 15; no treatment,
n = 19; observational, n = 21) were identified with detectable urine albumin at both baseline and study
closeout. Comparison of the change in UACR in the TREAT CASP RCT showed a modest reduction with
treatment relative to that seen in the no-treatment group [treatment: UACR change (baseline to study
closeout) –0.5, 95% CI –1.1 to 0.1; no treatment: UACR change 0.1, 95% CI –0.2 to 0.4; difference
–0.6, 95% CI –1.2 to 0.0, p < 0.05; Figure 16]. However, this change may have been influenced by one
outlying data point in the treatment group, as exclusion of these data points yielded a slightly smaller
change (treatment: UACR change (baseline to study closeout) –0.3, 95% CI –0.7 to 0.1; no treatment:
UACR change 0.1, 95% CI –0.2 to 0.4; difference –0.4, 95% CI –0.9 to 0.1; p = 0.09). The effect size,
calculated using Cohen’s d statistic, was –0.74, suggesting a medium-to-large effect of treatment. However,
the difference for the change in UACR (baseline to study closeout) between treatment arms for the TREAT
CASP RCT (including the outlier described above) was attenuated after adjustment for baseline variables
[treatment: adjusted UACR change (baseline to study closeout) –0.5, 95% CI –1.0 to 0.0; no treatment:
UACR change 0.1, 95% CI –0.4 to 0.6; difference –0.6, 95% CI –1.4 to 0.2].

Eleven (73.3%) of those participants with detectable urine albumin, at both baseline and study closeout,
in the high CASP group who received BP-lowering treatment showed a reduction in their UACR, whereas
four (26.7%) showed an increase in UACR from baseline after 12 months. In the high CASP group, which
did not receive treatment, nine (47.4%) participants showed a reduction in UACR, whereas 10 (52.6%)
showed an increase in UACR from baseline after 12 months (Figure 17).

A small reduction in UACR was also observed in the observational group (change in UACR baseline to
study closeout –0.3, 95% CI –0.8 to 0.1). Three-way comparison of the change in UACR showed no
difference between groups.
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FIGURE 16 Change in UACR across the TREAT CASP RCT, by randomised group. Absolute values with means and
95% CIs for change in UACR in the TREAT CASP RCT are shown. Significant differences (i.e. p-values of < 0.05)
between the treatment and no-treatment groups are indicated with *.
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Secondary end point: quality-of-life questionnaire
Quality of life during the TREAT CASP RCT and the observational study was assessed using the SF-36
questionnaire at both baseline and study closeout. Summary data from the SF-36 are shown in Table 18.
There were no differences in averaged responses to any category for those participants who completed
questionnaires at both baseline and study closeout.

Secondary end points: cardio-ankle vascular index and retinal imaging
Measurements of arterial stiffness using the BP-independent parameter CAVI, together with a macula-
centred image of the optic fundus were taken at baseline and study closeout during the TREAT CASP RCT
and the observational study. Data from these measurements will be the subject of further reports.

Safety analyses

Adverse events and serious adverse events
During the study, a total of 41 participants reported 47 AEs. Thirty-one participants in the TREAT CASP
RCT reported 36 AEs, with 19 participants in the treatment arm reporting 22 AEs, and 12 participants
reporting 14 AEs in the no-treatment arm (see Appendix 2).
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FIGURE 17 Change in UACR across the TREAT CASP RCT and the observational study, by study group. Individual
changes (a–c) and absolute values with means ± SDs (d–f) for UACR at baseline and study closeout across all study
groups.
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TABLE 18 The SF-36 response scores at baseline and study closeout for the TREAT CASP RCT and the observational
study, by study group

SF-36 domain

Time point, mean± SD Δ from baseline
Number of
participantsBaseline Closeout Mean 95% CI

General health

Treatment 72.9 ± 16.1 73.2 ± 15.2 0.62 –4.33 to 5.58 40

No treatment 71.0 ± 16.6 71.4 ± 14.5 2.13 –2.01 to 6.27 47

Observational 69.0 ± 15.7 66.2 ± 16.1 –1.73 –5.26 to 1.79 49

Limitations due to emotional health

Treatment 91.9 ± 22.6 91.7 ± 23.6 –0.83 –10.93 to 9.26 40

No treatment 93.6 ± 18.7 85.8 ± 33.1 –7.80 –17.63 to 2.03 47

Observational 82.1 ± 35.3 85.0 ± 32.0 4.76 –7.29 to 16.81 49

Emotional well-being

Treatment 72.4 ± 9.8 68.8 ± 11.6 –4.10 –7.96 to –0.24 40

No treatment 70.1 ± 9.7 68.0 ± 11.6 –1.57 –4.54 to 1.41 46

Observational 68.1 ± 13.4 68.7 ± 12.0 0.42 –2.91 to 3.75 48

Energy

Treatment 65.4 ± 12.7 63.8 ± 13.5 –1.50 –5.23 to 2.23 40

No treatment 65.0 ± 12.6 61.6 ± 13.0 –2.87 –6.78 to 1.03 47

Observational 59.5 ± 13.6 56.9 ± 12.6 –2.76 –6.37 to 0.86 49

Pain

Treatment 88.6 ± 17.1 89.5 ± 15.7 0.75 –5.33 to 6.83 40

No treatment 87.2 ± 13.6 85.6 ± 18.5 –2.50 –8.57 to 3.57 47

Observational 87.6 ± 15.9 85.5 ± 18.4 –2.86 –8.97 to 3.25 49

Physical health

Treatment 92.0 ± 17.0 89.0 ± 19.4 –2.25 –10.68 to 6.18 40

No treatment 93.8 ± 13.8 94.0 ± 13.5 0.53 –4.59 to 5.60 47

Observational 87.2 ± 23.8 91.1 ± 18.8 2.24 –5.70 to 10.19 49

Limitations due to physical health

Treatment 93.3 ± 21.6 93.8 ± 22.5 1.25 –7.42 to 9.92 40

No treatment 93.3 ± 21.1 90.4 ± 25.8 –2.66 –13.18 to 7.86 47

Observational 90.7 ± 23.9 92.3 ± 23.5 2.55 –6.98 to 12.08 49

Social functioning

Treatment 92.2 ± 14.4 86.6 ± 20.7 –6.88 –12.88 to –0.87 40

No treatment 91.6 ± 15.4 87.0 ± 19.3 –4.52 –10.99 to 1.95 47

Observational 88.2 ± 20.5 86.7 ± 20.9 –0.77 –7.30 to 5.77 49
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In the TREAT CASP RCT, seven adverse events were considered to be related to treatment. Of these,
five participants reported dizziness on standing (in all cases minor orthostatic symptoms), one participant
reported ankle oedema and one participant reported decreased libido. A small number of cardiovascular-
related AEs and SAEs were reported and all were related to incidental ECG findings (treatment, n = 2;
no treatment, n = 1; observational, n = 2). Non-specific (other) AEs were the most frequently reported
in all study groups, but were uncommon.

Serious adverse events were experienced by 18 participants during the study, with no participant reporting
more than one SAE. There was an equal distribution of SAEs in the TREAT CASP RCT (six participants
randomised to treatment reported SAEs vs. seven participants randomised to no treatment reported SAEs).
Four SAEs were reported in the observational follow-up group. The most commonly reported SAEs were
incidental findings on MRI. No SAEs were reported as causally related to intervention and there were no
SUSARs reported.

A summary of SAEs and AEs by category is shown in Table 19. Details of individual adverse events are
reported in Appendix 1.

TABLE 19 Summary of SAEs and AEs occurring during follow-up for the TREAT CASP RCT and the observational
study, by study group

Category

Number of events (number of patients experiencing events)

TREAT CASP RCT, by group

Observational study (n= 52)Treatment (n= 44) No treatment (n= 49)

SAEs

Totala 6 (6) 7 (7) 4 (4)

Cardiovascular disorders 1 (1)

Infections 1 (1) 1 (1)

Injury 1 (1) 1 (1)

Renal and urinary disorders 1 (1)

Incidental MRI findings 3 (3) 2 (2)

Hepatic 1 (1)

Cancer 1 (1) 1 (1)

Other 3 (3)

AEs

Total 22 (19) 14 (12) 11 (10)

Cardiovascular disorders 1 (1) 1 (1) 2 (2)

Gastrointestinal disorders 2 (2)

Hepatic 1 (1) 2 (2)

Incidental MRI findings 2 (2) 1 (1) 2 (2)

Infections 2 (2) 1 (1)

Injury 1 (1)

Musculoskeletal disorders 4 (4) 1 (1)

Orthostatic disorders 4 (4) 1 (1)

Renal and urinary disorders 1 (1) 1 (1)

Other 9 (9) 5 (4) 3 (3)

a One additional SAE (incidental MRI finding) was reported by a participant who withdrew from the study before entering
the stage 2 RCT or observational study.
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Chapter 4 Discussion

There has been considerable uncertainty about whether or not to treat low-risk younger patients with grade
1 hypertension. The TREAT CASP RCT demonstrated that in younger men with grade 1 hypertension and

low risk (i.e. no evidence of CVD, HMOD, diabetes mellitus or CKD) stratification, in accordance with their
CASP, generated groups with significantly different LVMIs. Treatment to lower BP for 12 months in those with
high CASP levels (i.e. a CASP of ≥ 125mmHg) significantly reduced LVMI compared with no treatment, with a
medium-to-large effect size. Treatment was well tolerated and was associated with a similar number of SAEs
compared with no treatment and only a modest excess in AEs, most of which were non-specific and did not
result in treatment withdrawal. Moreover, quality-of-life assessment (using the SF-36) did not differ between
the treatment and no-treatment groups. ECG voltage parameters also showed treatment-related reductions
in LV mass, with a large effect size relative to no treatment. These data suggest that grade 1 hypertension in
low-risk, younger men with high CASP levels is not benign, and is associated with an increased LVMI that is
reversible by BP-lowering treatment.

The TREAT CASP was a study in two stages. The first stage comprised a screening study to identify men
with grade 1 hypertension and to stratify them as high or low CASP. The threshold for high CASP
(i.e. ≥ 125 mmHg) for this stratification was derived from published data analysing all studies reporting
both CASP and BrBP.28 The selection of the high CASP threshold value of ≥ 125 mmHg was validated in
this study because this CASP value corresponded to a BrSBP of 140 mmHg (i.e. the threshold for the
diagnosis of grade 1 hypertension in current NICE guidelines4) (see Figure 8). Moreover, the high CASP
threshold used for this study clearly identified men with early cardiac structural change, as evidenced by an
increased LVMI in a positive relationship between CASP and LVMI (see Figure 5). However, CASP was not
unique in this context because similar relationships were seen between BrSBP (both clinic and ambulatory)
and LVMI (see Figure 5). This prompts the question of whether or not it was necessary to measure CASP
to identify patients with grade 1 hypertension who had early evidence of hypertension-mediated changes
in cardiac structure. What became clear as the study progressed is that although patients with high CASP
did have reduced pressure amplification from the aorta to brachial artery, they also tended to have higher
BrBP levels than those patients with low CASP. Matching low versus high CASP for BrBP was impossible
because it was shown that only 8% of patients with low CASP have a BrSBP equivalent to those seen
in patients with high CASP, the latter having higher BrBP. This suggests that stratification of the patients
into those more likely to have increased LVMI and thus benefit from treatment could be obtained from
conventional BrBP measurement and that the measurement of CASP provided no added value for treatment
stratification. The lower clinic BrSBP in the patients with low CASP reflects the fact that grade 1 hypertension
was defined as a clinic SBP of ≥ 140mmHg and/or grade 1 hypertension according to ABPM. Thus, this
study suggests that patients with grade 1 hypertension confirmed on both clinic BP and ABPM are those
most likely to have a high CASP and an increased LVMI and thus benefit from treatment in terms of
regression of their LVMI. This finding has important implications because it provides support for the
recommendation by NICE4 that an elevated clinic BP should be confirmed by ABPM to establish the diagnosis
of grade 1 hypertension. However, our study extends this by suggesting that such patients are likely to
benefit from treatment to regress their LVMI.

Left ventricular mass index is the most appropriate end point to evaluate potential treatment benefits in
younger people because:

l LVMI is known to be a potent biomarker of chronic arterial pressure overload.69,111,112

l Increased LVMI is a strong predictor of future CVD events, stroke and premature mortality.113,114

l Recent data suggest a correlation between mid-life LV mass and brain white matter lesions and reduced
hippocampal volume on MRI, and cognitive decline.115

l BP-lowering treatment has been shown to regress LVMI in hypertensive patients.116,117

l Regression of LVMI by BP-lowering treatment in older patients has been shown to be associated with a
reduced risk of cardiovascular events and mortality.89,118
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Most previous studies examining LVMI have used echocardiography, usually in older patients with more severe
hypertension than studied in this study.119–121 In this study, cMRI was used because this is now considered the
gold standard for LV mass measurement.122,123 cMRI also allows the assessment of many functional parameters,
including systolic and diastolic function and the impact of treatment, which will be the subject of further reports.

The measurement of ECG voltage criteria for approximating LV mass confirmed the primary outcome findings
on cMRI. This was interesting because, traditionally, ECG voltage criteria have been considered insensitive
markers of increased LV mass and response to treatment,110 although in some studies ECG LV mass regression
has been associated with improved clinical outcomes.96,124–127 Using two of the recommended criteria110 for
approximating LV mass with ECG (the Cornell voltage and aVL voltage), our study showed that both of these
ECG voltage criteria indicated a reduction of LV mass with treatment in the patients with high CASP, which is
consistent with the cMRI findings. Effect sizes comparing the effects of treatment with those of no treatment
were large (Cornell voltage) and medium (aVL voltage). A third ECG voltage criterion for approximating LV
mass (Sokolow–Lyon voltage) was less useful. These findings are of practical importance because of the
simplicity in performing a 12-lead ECG to evaluate treatment effects on LV mass.

The BP-lowering treatment used in this study was consistent with NICE recommendations4 and was very
well tolerated, with no treatment-related AEs prompting treatment withdrawal. The treatment was also
remarkably effective at reducing BP in this population, reducing clinic SBP by 20 mmHg, versus a 10-mmHg
reduction in the no-treatment group, with similar changes and differences between groups for CASP.
The majority of participants completed the study on at least two DDDs of medication, having received
their initial up-titration after an average of 63 days. Interestingly, a reduction in clinic, but not ambulatory,
BP was observed in the no-treatment group in the TREAT CASP RCT. As there was no placebo used, this
most probably reflects an effect of acclimatisation to clinic BP measurement or a regression to the mean,
effects not seen with ambulatory BP measurement. There was no change in clinic BP across follow-up for
the untreated participants with low CASP enrolled into the observational follow-up study. This group of
participants showed an overall consistency in their clinic BP throughout follow-up. This may be explained by the
lower clinic BP at baseline in the group of participants with low CASP (see Chapter 3, Seated clinic blood
pressure changes during study follow-up).

Blood pressure-lowering treatment significantly reduced LVMI in the TREAT CASP RCT versus no treatment.
This implies a potentially beneficial effect of treatment and, in real terms, LVMI was reduced to levels similar
to that in the group of participants with low CASP at baseline and was maintained after adjustment for
baseline factors. Previous studies in patients with BP in the high–normal/grade 1 hypertensive range have
reported reductions in LVMI with treatment of BP; however, the patients in these studies were all receiving
antihypertensive medications prior to further reducing their BP to the high–normal BP range. Therefore,
these patients were most likely to have had much more significant hypertension and a higher LV mass prior
to their original treatment.89,118 To our knowledge, the present study is the first study to evaluate the impact
of treating BP on LVMI in younger, low-risk, grade 1 hypertension patients.

The reduction in LVMI in this study (LVMI change with treatment –3.3 g/m2, 4.9%) was modest compared
with that seen in some other studies of hypertensive patients. In the Pathway 1 study, which compared
combination therapy to lower BP in people with BP > 150/90 mmHg over the course of 1 year, a change
in LVMI of 10.4% was achieved.128 Similarly, in a study comparing treatment with the combination of
sacubitril and valsartan versus olmesartan alone, in patients with hypertension and elevated PP, a reduction
in LVMI of –6.8 g/m2 was achieved with the two-drug combination therapy over the course of 1 year.129

However, treatment with olmesartan monotherapy in this study was associated with a modest reduction
in LVMI of –3.6 g/m2, which was more consistent with the effects of, predominantly, monotherapy in
our study. Differences between the magnitude of LVMI reduction in our study and other published reports
most probably reflects the fact that other studies have recruited older patients with established (grade 2)
hypertension or higher, and have predominantly used multidrug combination therapy for treatment. The
change in LVMI with treatment in our study was consistent with the relationship between BP and LVMI at
baseline and also consistent with the magnitude of LVMI regression with further BP-lowering treatment in
patients whose treated BP was in the high–normal range prior to further BP lowering.89,118,126
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Finally, there was also a small reduction in the UACR for participants receiving treatment. This was surprising
because all patients had a normal UACR and many had undetectable levels of urinary albumin, consistent
with our strategy to recruit low-risk patients. Thus, our analysis of change in UACR was confined to only
those with urinary albumin detectable at both baseline and study closeout. This reduced the power of this
analysis and the interpretation of these data is cautious. Nevertheless, increased UACR in hypertensive
patients is associated with increased risk of renal disease and CVD, and treatment has been shown to reduce
UACR in people with higher levels of UACR and this reduction has been associated with reduced future
risk.110 Thus, in addition to an effect of treatment on LVMI, there is a suggestion that treatment also reduces
another early marker of HMOD, namely UACR.

There were some significant challenges associated with recruitment of younger people with early-stage
hypertension for this study. First, identification of potentially suitable participants via searches of GP
databases proved problematic as evaluation of men with a diagnosis of grade 1 hypertension based on
GP records revealed that many were normotensive with more formal measurement of their BP. Ironically,
a more reliable source for our study proved to be self-referral in response to advertisements placed in local
and national media. A total of 424 (58%) recruited participants were excluded during screening as a result
of having BP levels outside the range for the study. This low yield of suitable participants prolonged study
recruitment time. Second, once identified, retention of participants for participation in the second-stage
RCT was problematic because of the requirements of the stop–go checkpoint based around assessment
of LVMI by cMRI to confirm that there was the predicted relationship between CASP and LVMI. This
prevented many suitable patients (i.e. n = 98) transitioning immediately into the TREAT CASP RCT. With
hindsight, a more successful strategy would have been to enrol participants directly into the stage 2 RCT
and observational studies on identification at screening, particularly as our original power calculation for
the stop–go checkpoint proved to be reliable.

Public engagement and involvement were essential for the success of this study and we found self-referral of
participants responding to advertising more successful than traditional recruitment through searching medical
records or databases. In this, public engagement for our study was facilitated through resources provided by
the UCL UCLH Biomedical Research Centre (BRC)’s patient and public involvement (PPI) group. The PPI group
provided support for recruitment and advice regarding the clarity and relevance of study information from a
potential participant’s point of view. Once the study was completed, we held a public engagement event for
study participants and family members. The event took place on the evening of 10 April 2019 at UCL and
was attended by 80 study participants. A formal presentation by the chief investigator provided the context
for the study, the importance of hypertension as a risk factor, the main results of the study and the potential
implications. This stimulated an enthusiastic discussion lasting over 30 minutes and continued into the
evening at the subsequent reception. During the reception, posters were displayed to provide further detail
on the main points from the study and these generated a lot of additional interest. The feedback from study
participants suggested that this was a very successful and informative event that was greatly appreciated by
study participants and their family members, many of whom requested to be kept informed regarding future
opportunities to participate in research. Details, feedback, the programme and photographs of the event are
provided in Appendix 3. Our suggestion is that an end-of-study presentation to study participants and family
members should become a regular feature for public engagement in clinical trials.

Study strengths and weaknesses

This study had a number of strengths, the most important of which is that it addressed the paucity of data
on the impact of BP-lowering treatment in younger, low-risk people with hypertension. Our study clearly
shows that such people with CASP levels that corresponded to a conventional clinic BP level in the grade 1
hypertensive range (i.e. 140–159/90–99 mmHg), and confirmed by an elevated ABPM, have early evidence
of cardiac remodelling and increased LV mass that is most probably attributable to increased BP because
it was reduced by BP-lowering treatment. An additional strength of the study was the comprehensive
characterisation of clinical phenotype of participants with grade 1 hypertension. In this, BP and changes in
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BP were measured using both clinic and ambulatory methods. Few other studies have reported both
parameters across a clinical trial. Use of cMRI as a robust primary end point is also a study strength, with a
wealth of parameters regarding cardiac structure and function being collected in a single measurement.
Many of these parameters remain to be analysed and will generate future reports from this study. We also
performed additional phenotypic measurements at baseline and study closeout, such as CAVI, to examine
large artery function, and non-mydriatic retinal photography, to examine small artery changes, which will
be the subject of future reports. Our finding that a standard ECG was able to detect beneficial changes in
LV mass with treatment in younger people is also of interest with regard to implementation in routine clinical
practice. With regard to practice, although our hypothesis was proven (i.e. that high CASP predicted a higher
LVMI and that treatment of high CASP reduced LVMI back towards levels seen in patients with low CASP),
we also discovered that the use of CASP offered no additional predictive value over and above the careful
characterisation of BrBP in the clinic, complemented by ABPM, suggesting that conventional BP measurement
would be sufficient to stratify these patients for treatment.

Our study has some weaknesses. We discovered that the prevalence of low CASP in patients with grade 1
hypertension was very low (≈ 8%) and ≈ 1% in those with a BrSBP in the upper range of men in the high CASP
cohort, making it very difficult to match BrBP levels for those with high and low CASP and, thus, impossible to
dissect the independent effect, if any, of CASP on LVMI. In so doing, we confirmed that CASP has no added or
practical value in stratifying treatment decisions for younger patients with grade 1 hypertension.

We recruited exclusively men because of the complexity of recruiting and exposing women of childbearing
potential to treatment. However, there is no evidence that BP-lowering treatment is any less effective at
reducing LV mass and preventing subsequent cardiovascular events in women. On the contrary, increased
LVMI is more strongly predictive of adverse cardiovascular outcomes in women versus men126 and BP
lowering has been shown to regress LV mass to a greater extent in women than in men, after adjusting
for differences in baseline LV mass.130 We were unable to use a traditional double-blind study design or
a placebo in the no-treatment arm because of the need to up-titrate treatment to achieve a predefined
reduction in BP. Instead we used a PROBE design in which randomised treatment was open label, but the
evaluation of end points was blind to treatment allocation. In reality, the clinic and ABPM BP responses
to no treatment in the TREAT CASP RCT had little difference in magnitude of change to those seen in
placebo-controlled trials of BP-lowering treatment. Another consideration is whether or not studies of
this kind are too small to influence clinical practice. We used cMRI to record changes in LV mass and such
studies have sufficient power with the number of patients we studied. Very much larger studies would
be required to evaluate major cardiovascular events and mortality in this patient group but, as discussed
in Chapter 1, Evaluating the benefit of treatment in young people with grade 1 hypertension, these are
unlikely to happen because of the low rates of such end points in younger people. Thus, well-established
portents of future cardiovascular risk, such as LV mass, are the only feasible option to evaluate potential
benefits of treatment in this age group.

Clinical implications

There is a paucity of clinical trial data on the potential benefits of BP-lowering treatment in younger people
(i.e. those aged < 55 years) with grade 1 hypertension and uncertainty about whether or not BP-lowering
treatment is indicated. We show that the non-invasive measurement of CASP provided no added value over
carefully measured clinic BP or ABPM in stratifying the risk of an increased LVMI in these patients. However,
we also show that younger men with grade 1 hypertension and high CASP (corresponding to a higher BrBP
in the grade 1 hypertensive range) but otherwise defined as low risk are already developing cardiac changes
(increased LVMI) due to increased BP. We also show that the increase in LVMI is reversible with BP-lowering
treatment and that treatment was well tolerated. As an increase in LV mass is the most well-characterised
BP-related biomarker of future risk of CVD and premature mortality, these findings suggest that younger
people with grade 1 hypertension, even if otherwise characterised as low risk, are more likely to have an
increased LV mass and that this increase can be regressed by BP-lowering treatment.

DISCUSSION
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Research implications

Previous studies have suggested that CASP is highly variable in patients with similar BrBP measurements and
may be a better predictor of HMOD, such as increased LV mass. We found that CASP was variable, but that
this variability was mainly a function of the BrBP from which it was derived and only rarely resulted in grade
1 hypertensive patients who had a low CASP level. Moreover, higher CASP values corresponded to higher
BrBP levels and the high CASP threshold of ≥ 125 mmHg used in this study corresponds to the current
guideline-recommended threshold for grade 1 hypertension, if the clinic BP elevation was also confirmed by
ABPM. We found grade 1 hypertensive patients rarely had a low CASP level. In this regard, the measurement
of CASP provided no incremental value in predicting LVMI over carefully measured clinic BP. This suggests
that future studies evaluating BP-lowering treatment effects in younger patients should be based on
carefully measured clinic BrBP, complemented by ABPM, rather than clinic BP alone, to more accurately
define the hypertensive phenotype.

A key question generated by this study is whether or not younger patients with grade 1 hypertension,
as well as having cardiac structural changes (increased LVMI), also have LV functional changes (i.e. early
evidence of impaired systolic function or diastolic relaxation) and, if so, is this reversible with treatment? The
cMRI data we have acquired in this study will allow us to address these questions. Whether or not impaired
diastolic function is already manifested in younger patients with grade 1 hypertension is unknown. This
question is of particular interest because diastolic dysfunction and, ultimately, heart failure with preserved
ejection fraction (HFpEF) are closely linked to the development of LVH in hypertensive patients. Future
analyses from cMRI data acquired in our study will examine conventional measures of diastolic function,
such as E/A ratios, as well as more contemporary measures using tissue-phase mapping, to determine if
diastolic function is already impaired in younger people with grade 1 hypertension and, if so, whether or
not this has improved with BP-lowering treatment. The impact of BP-lowering treatment has never been
assessed before in younger hypertensive patients and is particularly important because it is well established
that hypertension is a major risk factor for diastolic dysfunction leading to HFpEF in later life. Furthermore,
in these older patients, HFpEF does not appear to be reversible with treatment. Thus, it will be intriguing to
determine if early signs of diastolic dysfunction are present in the participants in this study and, if so,
whether or not it can be reversed by early intervention with BP-lowering treatment. This study also
highlights the urgent need for more research in younger people with grade 1 hypertension and deemed to
be at low short-term risk to determine if there is a way to better stratify those who might benefit from early
initiation of BP-lowering drug therapy.
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Appendix 1 Cardiac magnetic resonance imaging
study protocol for data acquisition

TABLE 20 The MRI acquisition protocol

Activity/magnetic resonance sequence

1. Register patient on system
2. Patient on table with blood pressure cuff on
3. Start blood pressure cycles (5-minute interval)
4. Scouts and prep images:

i. Multislice
ii. Single slice (4Ch, LVOT, etc.)
iii. Mitral inflow cine SSFP (LVOT, 3Ch)
iv. 4Ch k-t SENSE

5. Radial k-t SENSE short-axis stack
6. High-resolution aortic breath-hold flow at three sites:

i. STJ/pulmonary bifurcation level
ii. Proximal descending aorta (isthmus)
iii. Descending aorta (diaphragm level)

7. Bidirectional phase-contrast pressure-change imaging in LVOT position (BH)
8. Real-time spiral UNFOLDED SENSE phase-contrast LV inlet/outlet valve flow for E/A ratio measurement
9. Golden-angle tissue-phase mapping mid-LV short-axis slice

10. Gated BH short-axis stack T2*-IDEAL for pericardial fat
11. Remove ECG, knee pad, etc. and scout for lower body and legs fat scan
12. Neck to knee T2*-IDEAL fat imaging (ungated with same block size, etc.)
13. Reconstruct the GA TPM image

BH, breath hold; Ch, chamber; GA, golden angle; LVOT, left ventricular outflow tract; SSFP, steady-state free precession;
STJ, sinotubular junction.
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Appendix 2 Individual description of adverse
events and serious adverse events in the TREAT CASP
randomised controlled trial and the observational study

TABLE 21 Individual description of AEs and SAEs in the groups of patients with low and high CASP

Study ID Nature of event Group Relevance Status

1033 (incidental MRI
findings)

Incidental MRI finding: ARVC, trivial
TR, mild–moderate RV function,
some focal dyskinesis, low–normal LV
function and no reciprocal changes

Observational
group

SAE – not study
related

Continued study
participation

1068 (incidental MRI
findings)

Incidental MRI finding: right
hydronephrosis and normal creatinine
levels

Withdrew consent
before study
randomisation

SAE – not study
related

Withdrew
consent

1074 (incidental MRI
findings)

Incidental MRI findings: simple cysts
in liver and spleen – benign looking
and trivial AR

RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1074 (renal and urinary
disorders)

Asymptomatic microscopic
haematuria

RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1079 (incidental MRI
findings)

Incidental MRI finding: left-upper
pole kidney cyst (1.5–2 cm in size)

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1085 (cardiovascular
disorders)

Asymptomatic incidental ECG
findings: LBBB, sinus bradycardia,
shortened QTc and borderline
first-degree AVB (change from
baseline ECG)

Observational
study

AE – not study
related

Continued study
participation

1115 (cardiovascular
disorders)

Incidental ECG finding: WPW
syndrome

RCT – high CASP
(treatment)

SAE – not study
related

Continued study
participation

1117 (musculoskeletal
disorders)

Lower back pain Observational
study

AE – not study
related

Continued study
participation

1125 (hepatic) Incidental finding: persistent
lymphocytosis –WCC of 13.98
× 109/l (baseline), WCC of 17.66
× 109/l (at study closeout) and of
17.67 × 109/l (at 5 months after
study closeout)

RCT – high CASP
(treatment)

SAE – not study
related

Continued study
participation

1130 (musculoskeletal
disorders)

Lower back pain RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1133 (incidental MRI
findings)

Incidental MRI finding: liver cyst –
likely benign

Observational
study

AE – not study
related

Continued study
participation

1134 (other) Migraine Observational
study

AE – not study
related

Continued study
participation

1138 (other) Typical chest pain Observational
study

AE – not study
related

Continued study
participation

1144 (cancer) Recently diagnosed with squamous
cell cancer of tonsils

RCT – high CASP
(treatment)

SAE – not study
related

Continued study
participation

1146 (injury) Hospitalised – arthroscopy of right
knee

Observational
study

SAE – not study
related

Continued study
participation

continued
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TABLE 21 Individual description of AEs and SAEs in the groups of patients with low and high CASP (continued )

Study ID Nature of event Group Relevance Status

1148 (gastrointestinal
disorders)

Episodes of GERD, under GP started
proton pump inhibitor

RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1186 (hepatic) Incidental finding: chronic elevation
in bilirubin levels, possible Gilbert
syndrome

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1186 (other) Atypical chest pain RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1197 (infections) Upper respiratory tract infection RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1198 (orthostatic
disorders)

Light-headedness with postural
changes

RCT – high CASP
(treatment)

AE – medication
related (causality
undetermined)

Continued study
participation

1198 (musculoskeletal
disorders)

Lower back pain RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1227 (infections) Upper respiratory tract infection RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1233 (cardiovascular
disorders)

Prolonged QTc RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1236 (other) Decreased libido RCT – high CASP
(treatment)

AE – medication
related (causality
undetermined)

Continued study
participation

1242 (other) Atypical chest pain RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1242 (other) Balanitis RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1247 (infections) Lower respiratory tract infection Observational
study

AE – not study
related

Continued study
participation

1247 (injury) Bike accident Observational AE – not study
related

Continued study
participation

1288 (cardiovascular
disorders)

Incidental ECG finding: first-degree
and incomplete RBBB

Observational
study

AE – not study
related

Continued study
participation

1312 (orthostatic
disorders)

Vertigo Observational
study

AE – not study
related

Continued study
participation

1318 (injury) Tibial plateau fracture requiring
hospitalisation and surgery

RCT – high CASP
(treatment)

SAE – not study
related

Continued study
participation

1334 (hepatic) Probable Gilbert syndrome RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1340 (other) Atypical chest pain Observational
study

AE – not study
related

Continued study
participation

1354 (other) Sinus problem RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1359 (other) Right exophthalmos RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1367 (other) Skin rash RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1367 (musculoskeletal
disorders)

Knee pain RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1387 (musculoskeletal
disorders)

Gout recurrence RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation
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TABLE 21 Individual description of AEs and SAEs in the groups of patients with low and high CASP (continued )

Study ID Nature of event Group Relevance Status

1414 (renal and urinary
disorders)

Incidental finding: eGFR –

65 µmol/l (adjusted for ethnicity),
no urinary abnormalities

RCT – high CASP
(treatment)

SAE – not study
related

Continued study
participation

1414 (other) Mild ankle oedema RCT – high CASP
(treatment)

AE – medication
related (causality
undetermined)

Continued study
participation

1425 (other) Cough RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1469 (incidental MRI
findings)

Incidental MRI finding: left-sided
simple renal cyst

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1483 (orthostatic
disorders)

Light-headedness with postural
changes

RCT – high CASP
(treatment)

AE – medication
related (causality
undetermined)

Continued study
participation

1504 (other) Hand swelling with exercise and heat RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1515 (incidental MRI
findings)

Incidental MRI finding: dilated aortic
root

RCT – high CASP
(no treatment)

SAE – not study
related

Continued study
participation

1528 (renal and urinary
disorders)

Incidental asymptomatic microscopic
haematuria

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1535 (other) Flu RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1536 (other) New diagnosis of sleep apnoea, seen
by a specialist privately

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1544 (other) Hospitalised for 1 day and off work
for 1 month, discharged on
antihistamines

RCT – high CASP
(no treatment)

SAE – not study
related

Continued study
participation

1567 (orthostatic
disorders)

Light-headedness with postural
changes

RCT – high CASP
(treatment)

AE – medication
related (causality
undetermined)

Continued study
participation

1608 (incidental MRI
findings)

Incidental MRI finding: congenital
single kidney, normal renal function

RCT – high CASP
(no treatment)

SAE – not study
related

Continued study
participation

1608 (gastrointestinal
disorders)

Traveller’s diarrhoea after visit to
Mexico, saw GP – stool sample sent
(fully resolved)

RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

1617 (incidental MRI
findings)

Incidental MRI finding: bicuspid aortic
valve

RCT – high CASP
(no treatment)

SAE – not study
related

Continued study
participation

1660 (infections) Hospitalised for perianal abscesses,
with probable ascending UTI

RCT – high CASP
(treatment)

SAE – not study
related

Continued study
participation

1666 (cancer) Acute leukaemia RCT – high CASP
(no treatment)

SAE – not study
related

Withdrew

1682 (other) Symptomatic hypogonadism – low
levels of testosterone

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1684 (other) Nausea, dizziness, lightheaded after
taking first dose of 50mg of losartan –

treatment discontinued

RCT – high CASP
(treatment)

AE – medication
related (probably
not causal)

Continued study
participation
(intention to
treat)

1689 (hepatic) Biliary colic – under outpatient care
of a general surgeon

RCT – high CASP
(no treatment)

AE – not study
related

Continued study
participation

continued
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TABLE 21 Individual description of AEs and SAEs in the groups of patients with low and high CASP (continued )

Study ID Nature of event Group Relevance Status

1693 (infections) Insect bite to right leg with
subsequent Staphylococcus infection
requiring hospitalisation, multiple
antibiotic courses

Observational
study

SAE – not study
related

Continued study
participation

1694 (cardiovascular
disorders)

Incidental ECG finding: three
asymptomatic PVCs noted on 12-lead
ECG

RCT – high CASP
(treatment)

AE – not study
related

Continued study
participation

1701 (incidental MRI
findings)

Incidental MRI finding: suspected
right hydronephrosis. Subsequently
diagnosed as renal stone disease –

managed as an outpatient

Observational
study

SAE – not study
related

Continued study
participation

1717 (other) Hypertensive crisis at altitude while
travelling in Chile

RCT – high CASP
(no treatment)

SAE – not study
related

Continued study
participation

1749 (other) Possible sarcoidosis flare – previously
in remission

RCT – high CASP
(no treatment)

SAE – not study
related

Continued study
participation

8118 (orthostatic
disorders)

Light-headedness with postural
changes

RCT – high CASP
(treatment)

AE – medication
related (causality
undetermined)

Continued study
participation

8235 (incidental MRI
findings)

Incidental MRI finding: eventually
benign renal cyst on ultrasound

Observational
study

AE – not study
related

Continued study
participation

AR, aortic regurgitation; ARVC, arrhythmogenic right ventricular cardiomyopathy; AVB, atrioventricular block; GERD, gastro-
oesophageal reflux disease; LBBB, left-bundle branch block; PVC, premature ventricular complex; RBBB, right-bundle branch
block; RV, right ventricular; TR, tricuspid regurgitation; UTI, urinary tract infection; WPW, Wolff–Parkinson–White syndrome.
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Appendix 3 The TREAT CASP post-trial patient
and public involvement event: 10 April 2019

Account of the event reported to be published in the University
College London Hospitals Biomedical Research Centre’s annual report
and website

Blood pressure TREAT CASP trial participants hear trial results first at the
innovative event
Patients who took part in a clinical trial which looked at a new way of measuring BP and whether people
with mild hypertension (high BP) could benefit from BP-lowering medication got to hear the trial results
last week before the findings are published later in the year.

Chief Investigator and UCLH BRC Director Professor Bryan Williams presented results and implications of
the TREAT CASP study to men who took part in the study before answering questions from participants at
the event at UCL.

Trial participants do not usually hear about findings directly and before they are published in a journal, but
Professor Williams said that it was important for researchers to let participants – who have given up their
time and made a real effort to take part in research – know what the results are and what they mean,
adding that research participants want to know trial results.

‘The amazing thing about tonight is that all the people in the audience are the patients who participated
in the study and it’s absolutely fantastic,’ he said. ‘They have stayed behind, they are chatting with all the
investigators, and they are really interested in the findings of the study. And I really think we need to do
this more often.’

Martin Marmoy-Haynes, who took part in the trial and attended the event, said: ‘Tonight’s been great.
There’s been an excellent presentation and interesting results. So I’m pleased to take part.’.

Another attendee, Paul May, said he felt incredibly informed as a result of attending the event and felt
privileged to be invited to the event.

The TREAT CASP study involved 120 participants under 55 and included only men, due to the complexity
of carrying out a drug treatment study in women of childbearing age. But researchers said the results
applied equally to women.

A major rationale for the study was uncertainly over whether patients under 55 [years] with grade 1
hypertension (BP measured in the clinic of 140–159/90–99 mmHg) should be treated. Countries around
the world, including the United States and in Europe, recommend treatment for this group of patients.
Currently, UK guidelines advise against treatment in this group of treatment.

Study results will be announced later in 2019.
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Photographs taken during the TREAT CASP trial’s patient and public
involvement event
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Programme schedule for the TREAT CASP trial’s patient and public
involvement event

–

– –
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The TREAT CASP trial’s patient and public involvement participant
questionnaire and summary of responses from 25 attendees

TABLE 22 Summary of questionnaire responses from 25 attendees

Question
number Question

Response, n (%)

Yes No Unsure No response

1 Did you find tonight’s event helpful? 25 (100) 0 0 0

2 Did you feel the results you heard tonight help your
understanding of hypertension?

25 (100) 0 0 0

3 Did you find participating for the TREAT CASP study
of benefit to you? In what way?

25 (100) 0 0 0

4 Based on your experience volunteering for this study,
would you consider taking part in other studies that
UCL/UCLH offer?

24 (96) 0 1 (4) 0

5 Do you feel the NHS should conduct more research like
this?

25 (100) 0 0 0

6 What motivated you to take part in the TREAT CASP
study?

6.1 Information and advice about high BP 25 (100) 0 0 0

6.2 A new device (watch) to measure your BP 3 (12) 13 (52) 5 (20) 4 (16)

6.3 Health check 22 (88) 2 (8) 0 1 (4)

6.4 Wanting information about lifestyle changes 11 (44) 8 (32) 2 (8) 4 (16)

6.5 Tips on weight management 4 (16) 15 (60) 1 (4) 5 (20)

6.6 Interested in the science and helping out 22 (88) 2 (8) 0 1 (4)

6.7 Other – please describe

7 Do you have any other comments or suggestions you
would like to make regarding your participation in the
TREAT CASP study?

8 Do you have any other comments or suggestions you
would like to make regarding tonight’s event?
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Individual comments and question answers provided anonymously
by study participants at the TREAT CASP trial’s patient and public
involvement event

Questions

TABLE 23 The PPI event questionnaire questions

Question number Question

1 Did you find tonight’s event helpful?

2 Did you feel the results you heard tonight help your understanding of hypertension?

3 Did you find participating for the TREAT CASP study of benefit to you? In what way?

4 Based on your experience volunteering for this study would you consider taking part in other studies
that UCL/UCLH offer?

5 Do you feel the NHS should conduct more research like this?

6 What motivated you to take part in the TREAT CASP study?

6.1 Information and advice about high BP

6.2 A new device (watch) to measure your BP

6.3 Health check

6.4 Wanting information about lifestyle changes

6.5 Tips on weight management

6.6 Interested in the science and helping out

6.7 Other – please describe

7 Do you have any other comments or suggestions you would like to make regarding your participation
in the TREAT CASP study?

8 Do you have any other comments or suggestions you would like to make regarding tonight’s event?

Anonymous responses

TABLE 24 Individual responses to the PPI event questionnaire

Respondent Question Yes No Unsure Comments

1 1 1

2 1

3 1 I asked my GP for losartan, have seen great results,
thank you

4 1

5 1

6.1 1

6.2

6.3 1

6.4

6.5

6.6 1

6.7 Family history of stroke

7

8 Fantastic
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

2 1 1

2 1

3 1 MRI discloses I have bicuspid valve

4 1

5 1

6.1 1

6.2

6.3 1

6.4

6.5

6.6 Youngest of 12 and many older siblings having CV
[cardiovascular] issues

6.7 It was great to take part, and everyone involved were very caring
and genuine

7

8

3 1 1

2 1

3 1 Understanding of high BP and ways to manage it

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

4 1 1

2 1

3 1 Having a MRI scan was interesting. Having discussions about
lifestyle and hypertension

4 1

5 1

6.1 1

6.2 1

continued
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7 Supply participants with images of their heart as a keepsake.
Provide educational materials for schools for GCSE and A level
science, graph skills, statistics, correlations, etc.

8 Perfect pitch – at right level for all the audience. Can a copy of
the PowerPoint be provided? Provide pens

5 1 1

2 1

3 1 Better understanding of BP and its effects

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7 My doctor seemed to have a lack of information with regards to
my treatment due to the study (I was randomised to 50 [mg] then
100mg losartan)

8 No

6 1 1

2 1

3 1 Made me more aware of the condition

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7 More confident approaching GP

7 Any future studies I would be interested

8 Thank-you to the team
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

7 1 1

2 1

3 1

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

8 1 1

2 1

3 1 Understanding access to resources – testing

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7 Very grateful thanks

8 See above

9 1 1

2 1

3 1

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

6.5 1

6.6 1

6.7

7

8 Excellent event – very informative and well presented

10 1 1

2 1

3 1 Helped me with saving my life! I had a triple bypass in Oct 2017

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5

6.6 1

6.7

7

8

11 1 1

2 1

3 1

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

12 1 1

2 1

3 1 A better understanding

4 1

5 1
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

13 1 1

2 1

3 1

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

14 1 1

2 1

3 1 Educational and had improved my lifestyle choices, e.g. exercise
and diet

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

15 1 1

2 1

3 1 Helped me look at controlling and monitoring my BP

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

16 1 1

2 1

3 1 Early warning of danger signs allowing corrective
action/medication

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7 Staff/team were excellent, professional, pleasant, thoughtful, fun.
Prof Williams is a brilliant communicator

8 None. It was very well done. Very clear, very thoughtful, actually
inspiring me to assist in more trials. Look forward to getting the
letter from Prof Williams

17 1 1

2 1

3 1 Gave me a better understanding of the importance of grade 1
HTN and risk factors

4 1

5 1

6.1 1

6.2
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

6.3 1

6.4

6.5

6.6 1

6.7 Help with further information in the study of HTN

7 Been very useful and interesting in taking part in the study

8

18 1 1

2 1

3 1 I am now prescribed losartan on the back of this study

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

19 1 1

2 1

3 1 Very useful to explore in more detail my BP and get two MRI
scans. Good to assist the study of an important health issue

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7 For me the administration of the study worked very well. The
times I needed to participate were efficiently organised and run.
Very Impressive

8 An excellent event
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

20 1 1

2 1

3 1 I am continuing the treatment and would not have had the
treatment unless I had taken part. Thank-you on behalf of
my family

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

21 1 1

2 1

3 1 Greatly expanded my knowledge of BP and got me
on medication

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7

8

22 1 1

2 1

3 1 Understanding of risk factors the need for treatment to live long!

4 1

5 1

6.1 1

6.2 1

6.3 1
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

6.4 1

6.5 1

6.6 1

6.7 My BP has been borderline for a long time

7

8

23 1 1

2 1

3 1 Very informative

4 1

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7 The importance of clinical trials

7

24 1 1

2 1

3 1 Data and detailed explanation

4 1

5 1

6.1 1

6.2

6.3

6.4

6.5

6.6 1

6.7

7 Negotiate a swap between participants who did and did not
want treatment. If it satisfied the stratification of the groups

8 Can we have the slides?

25 1 1

2 1

3 1 You have sent me to GP

4 1
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TABLE 24 Individual responses to the PPI event questionnaire (continued )

Respondent Question Yes No Unsure Comments

5 1

6.1 1

6.2 1

6.3 1

6.4 1

6.5 1

6.6 1

6.7

7 Could you have the study for longer with a closer look at
triggers, please?

8

A level, Advanced level; GCSE, General Certificate of Secondary Education; HTN, hypertension.
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Sample copy of the TREAT CASP trial’s patient and public involvement
event questionnaire

and your feedback on tonight’s event

Did you find tonight’s event helpful?

–
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tonight’s event?
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