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1. Summary of the impact
High blood pressure (or hypertension) is the major cause of stroke and other cardiovascular
disease, and is one of the most important preventable causes of morbidity and mortality in
developed and developing countries. In the UK it affects half the population over 60 and costs the
NHS £1Bn per year in drugs alone.
A University of Birmingham primary care-led study has provided definitive evidence of the
superiority of ambulatory blood pressure measurement (ABPM) over clinic and home blood
pressure monitoring as a means of diagnosing hypertension. The associated cost-effectiveness
study showed that this approach will save the NHS over £10.5M per year. As a result of this
research, NICE guidelines have been amended and ABPM has become the reference standard.
The research has also influenced public and policy debate in the UK and internationally.
2. Underpinning research
Effective diagnosis of hypertension is critically important. High blood pressure (or hypertension) is
the major cause of stroke and other cardiovascular disease and is one of the most important
preventable causes of morbidity and mortality in developed and developing countries. At least a
quarter of the adult population of the UK has hypertension, and this figure rises to more than 50%
in people over the age of 60 years. Hypertension is the commonest chronic disorder seen in
primary care with around 1:8 receiving antihypertensive treatment in the UK. Moreover, as the
demographics shift towards an older, more sedentary and obese population, the prevalence of
hypertension and the requirement for effective treatment will continue to rise.
High blood pressure is currently diagnosed in primary care and in hospital clinics using the
traditional technique of measurement by a GP or nurse with either a mercury sphygmomanometer
and stethoscope or with an automated device. In terms of patient outcomes, these methods
compare poorly with ABPM where a cuff connected to a portable monitor is worn continuously by
the patient for a period of 24 hours. However, no previous study had attempted to bring together
and synthesise the literature on the accuracy of diagnosis of hypertension using different methods
of measurement.
This research, which forms part of the Birmingham/ Oxford Universities Collaborative BP
Monitoring Programme Group, has provided robust evidence of the superiority of ABPM over clinic
(CBPM) and home (HBPM) blood pressure monitoring in diagnosing hypertension. In 2009, a
group led from Primary Care within the University of Birmingham (Professor Richard McManus,
Professor of Primary Care, UoB up to 31 August 2011; Professor Richard Hobbs, Professor of
Primary Care, UoB up to 30 April 2011; Dr Pelham Barton, Reader in Economic Modelling, UoB;
Dr James Hodgkinson, Research Fellow, UoB; Dr Boliang Guo, Research Fellow, UoB) and
working with others in the University of Birmingham (Professor Jon Deeks, Professor of Health
Statistics, UoB; Dr Una Martin, Reader in Clinical Pharmacology, UoB [UoA1]) and in the
University of Oxford (Mant, Heneghan, Roberts) conducted a systematic review of the worldwide
literature and a meta-analysis using hierarchical summary receiver-operating characteristic
models. The study was funded by an NIHR Programme Grant for Applied Research (RP-PG-040710347, Mant et al, including McManus, Hobbs); Hodgkinson, McManus and Martin extracted the
data in conjunction with Mant; Guo, Hodgkinson and Deeks undertook the analysis.
The objective of the systematic review was to determine the relative accuracy of clinic
measurements and home blood pressure monitoring compared with ambulatory blood pressure
monitoring as a reference standard for the diagnosis of hypertension. The research identified that,
compared with ambulatory monitoring, neither clinic nor home blood pressure measurements have
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sufficient sensitivity or specificity to be recommended as a single diagnostic test. If ambulatory
monitoring is taken as the reference standard, then treatment decisions based on clinic or home
blood pressure alone may result in substantial over-diagnosis (and subsequent over-medication
and unnecessary cost). For example, if the prevalence of hypertension in a screened population
was 30%, there would only be a 56% chance that the clinic measurement would be correct
compared with using the ABPM methods. These results suggest that ambulatory monitoring prior
to commencement of life-long drug treatment would lead to more appropriate targeting of
treatment, particularly around the diagnostic threshold [1]. The review was published in BMJ in
2011 and has been cited 45 times.
The research findings had profound implications for the diagnosis of hypertension, particularly as
ambulatory monitors are considerably more expensive than clinic BP monitors so, as part of the
programme grant, health economists at the University of Birmingham (Dr Sue Jowett, Senior
Lecturer in Health Economics; Dr Pelham Barton, Reader in Economic Modelling) and the
National Clinical Guideline Centre (Lovibond, Wonderling) in conjunction with the Birmingham team
described above and members of the relevant clinical guidelines group undertook the most
detailed cost-benefit analysis ever conducted for ABPM. The UoB health economists supervised
the modelling, which was conducted by Lovibond at NICE.
This Markov model-based probabilistic cost-effectiveness analysis of the three different diagnostic
strategies for hypertension included a hypothetical primary care population aged ≥40 years with a
screening blood pressure measurement above 140/90 mmHg and risk factor prevalence reflecting
the general population. Ambulatory monitoring was identified as the most cost effective strategy for
the diagnosis of hypertension for men and women of all ages, and resulted in more qualityadjusted life years (QALYs) for male and female groups aged over 50. Implementation of a
diagnostic strategy for hypertension using ambulatory monitoring following an initial raised clinic
reading would reduce misdiagnosis and reduce unnecessary treatment costs. Whilst ABP monitors
are expensive, the additional costs of ambulatory monitoring are more than offset by cost savings
from better targeting of treatment and the study estimated that it use would save the NHS £10.5M
per annum. The study indicated that service commissioners should recommend ambulatory
monitoring prior to the commencement of anti-hypertensives for the majority of patients. The
results showed clearly that the use of ABPM would result in substantial savings to the NHS.
These findings were published in the Lancet in 2011 and have been cited more than 30 times [2].
Media coverage included television (ITV central; reach 655,000), print newspapers (Daily Mail,
Daily Express; reach 2,434,00) and online (BBC, Forbes; reach 8,352,000).
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4. Details of the impact
The key impacts are as follows:
Impact on public policy
NICE guidelines are the accepted standard for determining the management of hypertension in UK
primary care. As a result of this research, the National Institute for Health and Clinical Excellence
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(NICE) has published a new guideline for the Clinical Management of Primary Hypertension in
Adults (CG 127; 24 August 2011). The guideline reported the inaccuracy of CBPM using this
research: “these findings suggest that the current practice of using a series of CBPM alone for the
diagnosis of hypertension can lead to inaccurate diagnosis” and that “this detailed analysis
suggested that the current practice of using CBPM to define hypertension will lead to drug
treatment being offered to a substantial number of people who are normotensive according to
ABPM”. The Guideline Development Group “thus recommended that ABPM should be
implemented for the routine diagnosis of hypertension in primary care” [1]
Impact on clinical practice and health
The key to the success of implementing the recommendations of the review is buy-in from
clinicians. The original research was widely reported in the national press, including the Daily
Telegraph, the Guardian and the GP publication Pulse [2]. At the time of the full publication of the
NICE guidelines, it was again widely reported, including on BBC national news and on the BBC
website [3]. To encourage adoption, the British Hypertension Society has made a series of videos
covering key aspects of the guidance [4]. These, along with the NICE implementation materials
(http://www.nice.org.uk/CG127), are helping to facilitate dissemination and implementation of this
evidence-based evolution of the NICE hypertension guidelines.
As the NICE guidelines are relatively new (2011) it is not possible at this stage to specify impact in
terms of changes in patient outcome, however the NICE Primary Care Quality and Outcomes
Framework Indicator Advisory Committee recommended that an indicator be piloted to ensure
practices use ABPM for all new diagnoses of hypertension; the proposed wording of the indicator
is: ‘The percentage of patients with a new diagnosis of hypertension after 1 April 2012 whose
diagnosis was confirmed following ABPM.'[Pulse http://www.pulsetoday.co.uk/nice-to-pilotambulatory-blood-pressure-monitoring-qof-indicator/14101039.article].
Economic impact
The cost-effectiveness analysis of ABPM conducted by the University of Birmingham was reported
by the full NICE clinical guidelines “This analysis suggests that ABPM is the most cost-effective
method of confirming a diagnosis of hypertension in a population suspected of having hypertension
based on a Clinical BPM screening measurement >140/90 mmHg, compared with further CBPM or
HBPM. This conclusion was consistent across a range of age/gender stratified subgroups.” and
impacted on the NICE guideline [1].
The research has also influenced the South African Hypertension guideline of 2011 which
recommends that ABPM should be encouraged for clear indications, quoting the economic
evidence generated in this research as evidence for this guidance [5]: “In patients with a raised
clinic BP, ABPM was shown to reduce misdiagnosis and save costs (reference, Lovibond et al)”.
Impact on education and CPD
The research is influencing medical education. Members of the research team (Hodgkinson,
McManus, Martin, Wood) have completed the setting of a Continuing Medical Education version
of the BMJ article [6] to support practitioner learning in:
1) Appraising the relative effectiveness of different indirect methods of monitoring blood
pressure in diagnosing hypertension;
2) Evaluating the strength of evidence for these findings; and
3) Recognising the potential implications of the study’s findings for clinical practice.
Following the publication of the main research study, they have also been commissioned and will
provide a further in-depth learning module for the BMJ, to be published shortly [7]. BMJ Learning
offers high-quality (peer reviewed, up-to-date, and evidence-based) continuing medical education
in an economical and time efficient manner, for general practitioners, hospital doctors and other
healthcare professionals such as practice nurses and practice managers. The modules are
accredited by colleges, associations, and authorities from around the world.
Other educational impacts have included the commissioning of an article for The Practitioner (a
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monthly peer review clinical journal for GPs) on diagnosing and managing hypertension in primary
care [8] and an international commentary [9].
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