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Disclaimer

The recommendations in this guideline represent the view of NICE, arrived at after careful
consideration of the evidence available. When exercising their judgement, professionals are
expected to take this guideline fully into account, alongside the individual needs, preferences
and values of their patients or service users. The recommendations in this guideline are not
mandatory and the guideline does not override the responsibility of healthcare professionals
to make decisions appropriate to the circumstances of the individual patient, in consultation
with the patient and, where appropriate, their carer or guardian.

Local commissioners and providers have a responsibility to enable the guideline to be
applied when individual health professionals and their patients or service users wish to use it.
They should do so in the context of local and national priorities for funding and developing
services, and in light of their duties to have due regard to the need to eliminate unlawful
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing
in this guideline should be interpreted in a way that would be inconsistent with compliance
with those duties.

NICE guidelines cover health and care in England. Decisions on how they apply in other UK
countries are made by ministers in the Welsh Government, Scottish Government, and
Northern Ireland Executive. All NICE guidance is subject to regular review and may be
updated or withdrawn.

Copyright
© NICE 2019. All rights reserved. Subject to Notice of rights. ISBN: 978-1-4731-3503-1


http://wales.gov.uk/
http://www.scotland.gov.uk/
http://www.northernireland.gov.uk/

Hypertension in adults: Final

Contents
Contents
1 Diagnostic clinical effectiveness............ccouviiiiiiiiiiiiiissiisssss s 6
1.1 Review question: In adults with suspected primary hypertension, what is the
best method of measuring blood pressure (home, ambulatory or clinic
measurement) to establish the diagnosis and prevent cardiovascular events?...... 6
1.2 INErOAUCHION oo e e e e e e e et e e e e e e e eaaaaes 6
R T o (OO I ¢= 1 o) [T 6
1.4 MethOdSs and PrOCESS .....ovvuuiii i e e e e e e e e e et e e e e e aaeeannes 7
1.5  ClNICaAl EVIAENCE ...ccveniie et e et e e e e et eeees 7
1.5.1 INClUdEd STUAIES ....eunieieieeeee e 7
1.5.2 EXcluded StUAIES ........oiiiii e 7
1.5.3 Summary of clinical studies included in the evidence review...................... 7
1.5.4 Quality assessment of clinical studies included in the evidence review ...... 7
LS I =t oTo] g o n o (o3 =1V e =T o T 0P 7
1.6.1 INCluded StUIES .......eniiii e 7
1.6.2 EXcluded StUAIES ... i 7
1.6.3 RESOUICE COSES .. oottt et e et aaees 8
1.7 Evidence statements ... 8
1.7.1 Clinical evidence statements.............oiieiiiiiiiiicc e, 8
1.7.2 Health economic evidence statements...........c.ccoooiiiiiiiiii 8
P2 B 1T T | 4 T 153 £ Logi: Ve o2 T - o3 N 9
2.1 Review question: In people with suspected hypertension, which test is most
accurate in identifying whether hypertension is present, as indicated by the
reference standard, ambulatory blood pressure measurement?............cccccccvvnnnns 9
2.2 INrOAUCTION ...t e et e e et eaeens 9
2.3 PICOHADIE. ... 9
P Y (=Y o To ESRR= T oo I o] oot TR 10
2.5  CliNICal BVIAENCE ....ueiiiieeeeeeeee et e e er s 10
2.5.1 INCluded StUIES .....ouuniiiii e 10
2.5.2 EXcluded StUIES.........oiiiiiiiii e 10
2.5.3 Summary of clinical studies included in the evidence review.................... 10
2.5.4 Quality assessment of clinical studies included in the evidence review.... 14
2.6 ECONOMIC EVIAENCE .....iiiiiieeeee ettt 17
2.6.1 INClUded STUAIES ... cceeie e 17
2.6.2 EXcluded StUAIES ........oooieiieeeee e 17
2.6.3 Summary of studies included in the economic evidence review ............... 18
2.6.4 Health economic MOdel.........oouuiiiiiiiiei e 19
2.6.5 RESOUICE COSES ....coviiiiiiiii et 22
2.7 Evidence statements ... 23
2.7.1 Clinical evidence statements............ccooeiiiiiiiiiiiiii e 23



Hypertension in adults: Final

Contents

2.7.2 Health economic evidence statements...........cccccvevviiiiiiiiiiiiiiiiiiii 24
2.8 The committee’s discussion of the evidence...............oooviiiiiiii 24
2.8.1 Interpreting the evidenCe............ooooiiiiii e 24
2.8.2 Cost effectiveness and reSOUICE USE .......ccoeevvveeiiiiiiiiieeeeeeeiiiiaee e eeeeeaeees 27
2.8.3 Other factors the committee took into account ...............coovvvviiviiiiiiiinennn.n. 29
N o 7= 4 o [ o =3 44
Appendix A: ReVIEW ProtOCOIS ......coieeiiiiiiii e eeeeeeeeees 44
Appendix B: Literature search strategies ...........coovviiiiiii i 50
B.1 Clinical search literature search strategy ............ccccceoiiiiiiiiis 50
B.2 Health Economics literature search strategy..........cc.ocoooiiiiiiiin. 56
Appendix C: Clinical evidence seleCtion.............couuuiiiiiiiiiice e 60
Appendix D: Clinical evidence tables ... 61
Appendix E: Coupled sensitivity and specificity forest plots and sROC curves........... 86
Appendix F:  Health economic evidence selection............ccccooiiiiiiiiii i, 88
Appendix G: Health economic evidence tables .............cccoovviiiiiie 89

Appendix H: Health economic analysis — additional information on update to
diagnOStIC MOAEL.....ccceei e 93
Appendix I:  EXcluded StUAIES.........coeeiiiiiii e 99
1.1 Excluded clinical StUdI€S.........ccoooiiiii e 99
1.2 Excluded health economic studies...........cccooeeiiiiiiiiiiiiii e 104



1.1

1.2

1.3

Hypertension in adults: Final
Diagnostic clinical effectiveness

Diagnostic clinical effectiveness

Review question: In adults with suspected primary
hypertension, what is the best method of measuring blood
pressure (home, ambulatory or clinic measurement) to
establish the diagnosis and prevent cardiovascular
events?

Introduction

The diagnosis of hypertension is based on an individual's blood pressure being above a pre-
defined threshold. There are 3 main methods of blood pressure measurement that are used
clinically: home blood pressure, ambulatory blood pressure and clinic blood pressure. While
all 3 of these methods can provide a diagnosis of hypertension and inform the decision to
start treatment, it is unknown whether cardiovascular outcomes differ based on the method
of measurement used for diagnosis. For example, is a diagnosis of hypertension made using
clinic blood pressure better at preventing cardiovascular events than a diagnosis made using
home blood pressure? This chapter looks at the evidence for the different methods that can
be used to diagnose hypertension and compares their effect on preventing cardiovascular
events.

PICO table

For full details, see the review protocol in appendix A.

Table 1: PICO characteristics of review question
Population Adults (over 18 years) with suspected primary hypertension*

*People previously diagnosed with hypertension who are not on antihypertensive
treatment (minimum washout 4 weeks) will also be included

Intervention(s) | Different methods of measuring blood pressure followed by appropriate
treatment** based on the blood pressure measurement (test plus treatment):

o Home measurement (HBPM) without telemonitoring
o HBPM with telemonitoring

o Ambulatory measurement (ABPM)

¢ Clinic or office measurement (CBPM)

e Pharmacy measurement

Stratify results by:
e Upper arm cuff
o Wrist cuff
e Non cuff

**Note that studies will be included when the treatment strategy is the same in all

arms

Comparison(s) | ¢ Each other

Outcomes Assess at 2 12 months
Critical

o All-cause mortality
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o Health-related quality of life
e Stroke (ischaemic or haemorrhagic)
e Myocardial infarction (MI)
Important
¢ Heart failure needing hospitalisation
e Vascular procedures (including both coronary and carotid artery procedures)
¢ Angina needing hospitalisation
¢ Intolerance to device
Study design Randomised control trials (RCT) and systematic reviews (SR)

Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual.'?® Methods specific to this review question are
described in the review protocol in appendix A.

Declarations of interest were recorded according to NICE’s 2014 conflicts of interest policy.

Clinical evidence

Included studies

No relevant clinical studies investigating the clinical effectiveness of different diagnostic
methods were identified.

See also the study selection flow chart in appendix C.

Excluded studies

See the excluded studies list in appendix .

Summary of clinical studies included in the evidence review

No relevant clinical studies were identified.

Quality assessment of clinical studies included in the evidence review

No relevant clinical studies were identified.

Economic evidence

Included studies

No relevant health economic studies were identified.

Excluded studies

No health economic studies that were relevant to this question were excluded due to
assessment of limited applicability or methodological limitations.

See also the health economic study selection flow chart in appendix F.
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1.6.3 Resource costs

Unit costs of diagnostic measurement methods are presented in section 2.6.5

1.7 Evidence statements

1.7.1 Clinical evidence statements

No relevant published evidence was identified.

1.7.2 Health economic evidence statements

No relevant economic evaluations were identified.
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Diagnostic accuracy

Review question: In people with suspected hypertension,
which test is most accurate in identifying whether
hypertension is present, as indicated by the reference
standard, ambulatory blood pressure measurement?

Introduction

Hypertension is one of the most important treatable causes of premature morbidity and
mortality in the UK. It is a predominantly asymptomatic condition until the features of vascular
and renal damage emerge after many years of high blood pressure. These consequences of
hypertension are preventable through appropriate treatment, but this is only possible with an
accurate diagnosis.

The accuracy of the test used to diagnose hypertension is important. A test that incorrectly
diagnoses hypertension may result in an individual receiving inappropriate treatment, and a
test that misses a diagnosis of hypertension may delay appropriate treatment to lower
cardiovascular risk.

Currently, ambulatory blood pressure monitoring is accepted as the best test to diagnose
hypertension as it has been shown to predict cardiovascular events more accurately than
other available tests. However, increasingly, researchers have investigated whether other
methods (such as home blood pressure monitoring with or without telemonitoring) may be as
good. This chapter looks at the evidence for the different tests that can be used to diagnose
hypertension and compares them against the reference standard of ambulatory blood
pressure measurement.

PICO table
For full details, see the review protocol in appendix A.

Table 2: PICO characteristics of review question

Population Population: Adults (over 18 years) with suspected primary hypertension
Target condition Hypertension
Index test(s) ¢ HBPM without telemonitoring

o HBPM with telemonitoring
¢ Clinic or office measurement
e Pharmacy measurement

Stratify interventions by:
o Cuff upper arm measurement
o Cuff wrist measurement

e Non cuff
Reference Ambulatory blood pressure measurement (daytime or 24 hour)
standard
Statistical Critical
measures o Sensitivity
¢ Specificity

e Raw data to calculate 2x2 tables to calculate sensitivity and specificity
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Important

e Area under the curve
e Likelihood ratios

¢ Predictive values

Study design Cross-sectional studies, diagnostic accuracy observational cohort studies, SRs
of observational cohort

Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual.'?® Methods specific to this review question are
described in the review protocol in appendix A.

Declarations of interest were recorded according to NICE’s 2014 conflicts of interest policy.

Clinical evidence

Included studies

Thirteen studies were included in the review and these are summarised in Table 3 below. 3%
56, 57,103, 120, 134, 139, 143, 162, 170, 178, 179, 192 Eyjidence from these studies is summarised in the
clinical evidence summary below (Table 4).

Data from 2 studies could not be included in the analysis, as only the sensitivity and
specificity values were reported, without 2x2 table values, variation data or prevalence
rates.!0 %6

See also the study selection flow chart in appendix C, sensitivity and specificity forest plots
and receiver operating characteristics (ROC) curves in appendix E and study evidence tables
in appendix D.

Excluded studies

See the excluded studies list in appendix |. Table 24 outlines the full excluded studies list,
and Table 23 provides additional detail of studies that were included in the previous guideline
iteration (CG127) but excluded from this update.

Summary of clinical studies included in the evidence review

Table 3: Summary of studies included in the evidence review

Reference
Study Population Index test standard Comments
den Hond People witha  HBPM (without 24-hour ABPM. Unclear if participants
200339 diastolic office  telemonitoring) Threshold >135/85 were already diagnosed
blood pressure  Threshold >135/85 mmHg. with hypertension
of more than mmHg.
95 mmHg
(n=257)
Gerc Consecutive Clinic blood Daytime ABPM. People under the age of
2000%6 people pressure Threshold 18 also included;
referred to a measurement >140/90mmHg proportion not specified
hypertension (CBPM)
clinic

10
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Study

Gill
201757

Mansoor
2004103

Mutlu

201620

Nunan
2015134

Ozdemir
2000139

Park
2017143

Population

(n=1,466)

Hypertensive
people
recruited from
primary care

(n=340)

People being
referred to a
health centre
from a
physician
office with an
office blood
pressure (BP)
of >140/09
mmHg

(n=48)

Adults that
were eligible
for ABPM;
baseline blood
pressure

unclear
(n=160)

Systolic blood
pressure
between 130—
179 mmHg
(n=247)

Eligible renal
transplant
donors in an
outpatient
department

(n=126)
Clinic blood
pressure
above 140/90
mmHg

(n=319)

Index test

Threshold 140/90
mmHg

CBPM

Threshold 140/90
mmHg)

HBPM (without
telemonitoring)
Threshold 135/85
mmHg

HBPM (with
telemonitoring).
Threshold systolic
blood pressure 2
135 mmHg.

HBPM (without
telemonitoring)
Threshold 2130-
135/85 mmHg)

HBPM (with
telemonitoring)
Threshold 2135/85
mmHg

CBPM.

Threshold 2140/90
mmHg

HBPM.

3 different
diagnostic
thresholds used (1)
2systolic blood
pressure 135
mmHg and or
diastolic blood
pressure =285
mmHg (2) systolic
blood pressure
2130 mmHg and or
diastolic blood

11

Reference
standard

Daytime ABPM

Threshold 135/85
mmHg

Daytime ABPM.
Threshold >135
mmHg systolic blood
pressure or >85
diastolic blood
pressure daytime
readings

24-hour ABPM

Threshold 2125-
130/80 mmHg

Daytime ABPM

Threshold 135/85
mmHg

24-hour ABPM

Thresholds =2140/90
mmHg daytime and
2120/80 mmHg night
time

24-hour ABPM.

Threshold 24-hour
average of over
=130 mmHg systolic
blood pressure or
=80 mmHg diastolic
blood pressure

Comments

Unclear if participants
were taking
antihypertensive
medication

Unclear if participants

were already diagnosed

with hypertension

Diagnosis prior to study
is unclear

Participants already
diagnosed with
hypertension or
receiving
antihypertensive
treatment were
excluded

Population not
‘suspected
hypertension’; mix of
hypertensive and
normotensive

Population not
‘suspected
hypertension’
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Study

Shimbo
2009162

Stergiou
2000170

Uen
2002178

Ungar
2004170

Zhuo
2009192

Population

Normotensive
or Stage 1
hypertensive
(140-159
mmHg/90-99
mmHg)

(n=229)

Diastolic clinic
blood pressure
of 90-115
mmHg,
diagnosis of
hypertension
was
questionable.

(n=142)
Participants
were either
normotensive
systolic blood
pressure <140
mmHg, or
hypertensive.

(n=46)

People being
referred to an
outpatient
clinic for
suspected or
established
hypertension

(n=388)
Systolic BP
above or equal
to 130 mmHg
and below 160

Index test
pressure 285
mmHg (3) systolic
blood pressure
2130 mmHg or
diastolic blood
pressure =80
mmHg

HBPM (with
telemonitoring)

Threshold 135/85
mmHg or higher

HBPM (without
telemonitoring).
Threshold 2140/90
mm Hg

(1) HBPM (wrist
device; with and
without position
sensor. Threshold
systolic BP 2135
mmHg or diastolic
BP =85 mmHg

(2) CBPM.
Threshold systolic
2140 mmHg or
diastolic 290
mmHg
measurements.
CBPM

Threshold 2140/90
mmHg

HBPM.

Threshold =2138/85
mmHg

12

Reference
standard

Daytime ABPM.

Threshold 135/85
mmHg or higher

ABPM

Threshold 135/85
mmHg or higher

24-hour ABPM.
Threshold systolic
BP =130 mmHg or
diastolic BP =80
mmHg for the 24-
hour BP
measurement;
systolic BP 2135
mmHg or diastolic
BP 285 mmHg for
the daytime values
of the 24-hour BP
measurement

Daytime ABPM.

Threshold 2135/85
mmHg

ABPM.

Threshold in those
with a clinic systolic

BP <140 mmHg was

Comments

Unclear if participants
were diagnosed prior to
the study or on
antihypertensive
medication

Participants with a
normotensive office
blood pressure
measurement were
excluded (after to being
included in the study
initially, n=145)

2-week washout period
given to participants.
CBPM were also taken
but not compared to the
reference standard
therefore results not
extracted for this arm.

Diagnosis and
antihypertensive
treatment unclear.

Participants were a
subgroup of the original
study not taking
antihypertensive
medication

Not ‘suspected
hypertension’
population
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mmHg
(diastolic blood
pressure 80—
100 mmHg)

(n=126)

See appendix D for full evidence tables.

13

based on a 24-hour
ambulatory
threshold of 2130/80
mmHg.

Threshold for
diagnosis in those
with a clinic systolic
BP of >140 mmHg
based on daytime
measurement of
>135/85 mmHg
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2.5.4 Quality assessment of clinical studies included in the evidence review

Table 4: Clinical evidence summary: diagnostic test accuracy for blood pressure monitors (HBPM, CBPM)

Number of
studies

Index Test (Threshold) n

Quality

Home blood pressure measurement (without telemonitoring)

HBPM (2135/85 mmHg)" 4 963

VERY LOWa.cd

due to very serious risk of bias,
serious indirectness, serious
imprecision

LOWac

due to serious risk of bias,
serious indirectness

VERY LOWac¢

due to very serious risk of bias,
serious indirectness

VERY LOWac

due to very serious risk of bias,
serious indirectness
MODERATE?

due to serious risk of bias
MODERATE?

due to serious risk of bias

VERY LOWabcd

due to serious risk of bias, very

HBPM (2135/85 mmHg) 1 340
HBPM (2130/85 mmHg) 1 203
HBPM (2130/80 mmHg) 1 203
HBPM with wrist cuff 1 47
(=135/85 mmHg)

HBPM with wrist cuff and 1 43
position sensor (=2135/85

mmHg)

Home blood pressure measurement (with telemonitoring)
HBPM (2 studies =135/85 3 539
mmHg; 1 study 2135

mmHg)

serious imprecision, serious

Specificity % (95% Cl)

Poolede 84 (53-96)

62.4 (54.8-69.5)9

81 (74- 85)

90 (85-94)

70 (45- 84)

76 (47-87)

Poolede" 63 (20-93)

Sensitivity % (95% CI)

Poolede 90 (68-98)

84 (77.4-89.2)9

71 (56-83)

63 (48-76)

100 (82-100)

100 (83-100)

Pooledeh 80 (25-98)

Aoeinooe onsoubelq
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Number of
studies

Index Test (Threshold) n Quality Specificity % (95% CI) Sensitivity % (95% CI)
inconsistency, serious

indirectness
Clinic blood pressure measurement

CBPM (=2140/90 mmHg) 3 1,250 VERY LOWabed Pooledei 76 (20-98) Pooledei 81 (47-95)
due to serious risk of bias, very
serious imprecision, serious
inconsistency, serious
indirectness

CBPM (2140/90 mmHg; 1 340 LOWab 89.3 (83.8-93.4) 41.4 (33.7-49.4)
using second and third due to serious risk of bias,

readings over 3 days) serious indirectness

CBPM (2140/90 mmHg; 1 340 LOWab 78.7 (71.9-84.4) 61.1 (53.1-68.7)
using second — sixth due to serious risk of bias,

readings over 3 days) serious indirectness

CBPM (2140/90 mmHg; 1 340 LOWab 59 (51.4-66.3) 44.4 (36.6-52.4)
using first reading on day 1 due to serious risk of bias,

only) serious indirectness

The assessment of the evidence quality was conducted with emphasis on specificity as the committee identified this as the primary measure in guiding decision-making.

(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias and
downgraded by 2 increments if the majority of studies were rated at very high risk of bias.

(b) Inconsistency was assessed by inspection of the sensitivity and specificity plots and summary area under the curve (AUC) plots. Particular attention was placed on the
sensitivity or specificity threshold(s) the committee set as an acceptable level to recommend a test. The evidence was downgraded if subgroup analyses did not explain
the heterogeneity. The evidence was downgraded by:

e 1increment if the individual study values varied across f2 areas: where AUC values of individual studies are both above and below 50%
e 2increments if the individual study values varied across 3 areas, where AUC values of individual studies are above and below 50%.

(c) Indirectness was assessed using the QUADAS-2 checklist items referring to applicability. The evidence was downgraded by 1 increment if the majority of studies were
seriously indirect and downgraded by 2 increments if the majority of studies are very seriously indirect.

(d) Imprecision was assessed based on inspection of the confidence region of sensitivity or specificity in the diagnostic meta-analysis or, where diagnostic meta-analysis has
not been conducted, assessed according to the range of confidence intervals in the individual studies. Particular emphasis was placed on specificity as the primary
outcome. The evidence was downgraded by 1 increment when the range of the confidence interval around the point estimate was 20—40%, and downgraded by 2
increments when there was a range of >40%.

(e) Pooled sensitivity or specificity from diagnostic meta-analysis

Aoeinooe onsoubelq
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(f) One study used a threshold of 2130-135/85 mmHg

(g) Data from 1 study could not be combined in the analysis, as only the sensitivity and specificity values and not the 2x2 table values or prevalence were reported.
(h) Data from 1 study was based on a protocol using HBPM from days 2—7 only.

(i) Diagnostic meta-analysis model did not converge due to limited data. Pooled results represented used the results from the model as the statistics indicated this was the
best fit available

Aoeinooe onsoubel(
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Economic evidence

Included studies

One health economic study was identified with the relevant comparison and has been
included in this review. * This is summarised in the health economic evidence profile below
(Table 5) and the health economic evidence table in appendix G.

The study included is the model constructed in the previous version of the guideline (2011).

Excluded studies

Three economic studies relating to this review question were identified but were excluded
due to a combination of limited applicability and methodological limitations and the availability
of more applicable evidence. °'. 54 145 These are listed in appendix | with reasons for exclusion
given.

One of these studies was included in this question in the previous version of the guideline but
has been excluded because it is a US study in which case the costs are not applicable to the
UK.

See also the health economic study selection flow chart in appendix F.

17
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2.6.3 Summary of studies included in the economic evidence review

Table 5: Health economic evidence profile: ABPM versus HBPM versus CBPM

Lovibond Directly Potentially Markov model with 3- ABPM ABPM ABPM most Probabilistic analysis
2011 applicable @  serious month cycles comparing associated associated cost effective undertaken using 1,000
(CG127 limitations ®  clinic, home, and with lower with higher in all Monte Carlo simulations.
original ambulatory measurement  costs forall  incremental subgroups.

analysis)% for confirming a diagnosis  age and sex effect in all

Most parameters were

of hypertension in a subgroups. subgroups subjected to sensitivity
screening population with except 40- analysis.

a BP greater than 140/90. year-old

The model includes males and

cardiovascular event 40- and 50-

health states and year-old

estimates lifetime costs females.

and QALYs.

Abbreviations: ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life years; RCT: randomised controlled trial; BP: blood pressure

(a) Relevant interventions, UK NHS perspective, CUA.

(b) The data used for the accuracy of the comparisons did not use the data identified from the clinical review (which was based on 1 systematic review) but used a sensitivity
analysis from the systematic review. It is uncertain as to how conclusions might change using different data.

Aoeinooe onsoubelq
[eul{ :synpe ul uoisualadAH




2.6.4

Hypertension in adults: Final
Diagnostic accuracy

Health economic model
Methods

The previous guideline (CG127) ¥ economic analysis (see Table 5) undertook a cost—utility
analysis to look at different blood pressure monitoring methods for confirming a diagnosis of
hypertension. Methods compared were ambulatory blood pressure monitoring, clinic blood
pressure monitoring, and home blood pressure monitoring. The data used for the accuracy of
the comparisons was based on a sensitivity analysis from the single systematic review that
informed the CG127 clinical review, because this sensitivity analysis excluded studies that
had a low mean pressure and this was thought to be most approporiate for the population
being modelled.

A previous sensitivity analysis of the CG127 model had shown that if HBPM were as
accurate as ABPM, then HBPM would be a dominant intervention if cheaper and just as
effective. The clinical review identified new diagnostic accuracy data for CBPM and HBPM. A
diagnostic meta-analysis was undertaken in WinBUGS software for the CBPM and HBPM
data separately. This identified that the specificity of HBPM increased compared to the
previous model inputs by almost 20%, with the sensitivity also increasing slightly. The
specificity of clinic measurement also increased but sensitivity decreased slightly (see Table
6). A higher specificity would mean fewer false positives and therefore fewer people who
would be having unnecessary treatment. The committee was interested in the comparison of
HBPM and ABPM and whether this improvement in the accuracy of HBPM would change the
model results. As a result, a new analysis was added to the CG127 model as a minor
update, in which the only input that was changed was the inclusion of the new accuracy data.
All other inputs remain the same, and data on the methods of the previous model can be
found in appendix J of the previous guideline. In the WinBUGS software, 60,000 paired
estimates that form the joint posterior distribution for sensitivity and specificity were
generated and extracted from the WinBUGS output of the diagnostic meta-analysis. In the
PSA we sampled at random a pair of sensitivity and specificity, thus preserving the inverse
correlation. 5000 simulations were run in the probabilistic analysis. The new accuracy data
and their distribution based on the WinBUGS output can bee seen in Table 6.

Table 6: New diagnostic accuracy data

Input Data Sources Probability distribution
Sensitivity CBPM 78% Diagnostic meta- (95% CI: 46, 95)
HBPM 88% analysis (95% Cl: 67, 98)
ABPM 100% Gold standard Fixed
Specificity CBPM 72% Diagnostic meta- (95% CI: 20, 98)
HBPM 81% analysis (95% Cl: 52, 96)
ABPM 100% Gold standard Fixed
Results

In this new analysis using more up to date diagnostic accuracy data, confirming a diagnosis
of hypertension with ABPM following an initial raised screening blood pressure remained the
most cost-effective option in all age or sex subgroups.

19
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Probabilistic results are summarised in Table 7 and shown graphically in

Table 20: New diagnostic accuracy data analysis - deterministic results

Incremental QALYs vs Incremental costs vs

CBPM CBPM Optimal
Subgroup HBPM ABPM HBPM ABPM strategy
Male, 40 years 0.004 0.003 -£49 -£159 ABPM
Male, 50 years 0.011 0.016 -£34 -£102 ABPM
Male, 60 years 0.018 0.029 -£28 -£72 ABPM
Male, 70 years 0.020 0.034 -£23 -£53 ABPM
Male, 75 years 0.018 0.031 -£13 -£29 ABPM
Female, 40 years 0.000 -0.003 -£67 -£218 ABPM
Female, 50 years 0.005 0.005 -£37 -£117 ABPM
Female, 60 years 0.009 0.014 -£34 -£97 ABPM
Female, 70 years 0.013 0.022 -£21 -£51 ABPM
Female, 75 years 0.009 0.015 -£11 -£29 ABPM

Figure 11 in appendix H at the end of this chapter.

Breakdowns of clinical events and costs and a summary of the number of people initially
misdiagnosed and how misdiagnosis changes over time, can also be found in appendix H at
the end of this chapter. Deterministic results are also presented in appendix H.

In all subgroups, both ABPM and HBPM were cost saving compared to CBPM, but
ABPM was associated with lower costs than both CBPM and HBPM. In all
except 1 subgroup (females aged 40), ABPM was associated with higher
QALYs than CBPM and HBPM. ABPM was therefore dominant (both cheaper
and more effective) in all except 1 subgroup. However, ABPM was still the
most cost effective option in 40-year-old females because the additional
benefit of HBPM did not justify the additional cost (as can be seen from the
ICER on the top left cost effectiveness plane in

Table 20: New diagnostic accuracy data analysis - deterministic results

Incremental QALYs vs Incremental costs vs

CBPM CBPM Optimal
Subgroup HBPM ABPM HBPM ABPM strategy
Male, 40 years 0.004 0.003 -£49 -£159 ABPM
Male, 50 years 0.011 0.016 -£34 -£102 ABPM
Male, 60 years 0.018 0.029 -£28 -£72 ABPM
Male, 70 years 0.020 0.034 -£23 -£53 ABPM
Male, 75 years 0.018 0.031 -£13 -£29 ABPM
Female, 40 years 0.000 -0.003 -£67 -£218 ABPM
Female, 50 years 0.005 0.005 -£37 -£117 ABPM
Female, 60 years 0.009 0.014 -£34 -£97 ABPM
Female, 70 years 0.013 0.022 -£21 -£51 ABPM
Female, 75 years 0.009 0.015 -£11 -£29 ABPM
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Figure 11 in Appendix H: at the end of this chapter) as the cost-effectiveness ratio for HBPM
compared to ABPM was above the £20,000 threshold.

Table 7: New diagnostic accuracy data analysis - probabilistic results

Incremental QALYs versus Incremental costs versus Most CE Proba

Subgroup CBPM CBPM os bility
strategy

HBPM ABPM HBPM ABPM CE
Male, 40 0.007 0.007 -£35 -£130 ABPM 88%
years (Cl: -0.013, (Cl: -0.009, (Cl: -£259, (Cl: -£312,

0.053) 0.047) £190) £29)
Male, 50 0.015 0.021 -£26 -£85 ABPM 92%
years (Cl: -0.018, (Cl: -0.003, (Cl: -£179, (Cl: -£219,

0.081) 0.080) £121) £14)
Male, 60 0.021 0.034 -£24 -£62 ABPM 96%
years (Cl: -0.027, (Cl: 0.004, (Cl: -£142, (Cl: -£165,

0.102) 0.111) £86) £7)
Male, 70 0.022 0.037 -£20 -£47 ABPM 97%
years (Cl: -0.024, (Cl: 0.009, (Cl: -£1186, (Cl: -£136,

0.096) 0.106) £72) £6)
Male, 75 0.019 0.033 -£10 -£23 ABPM 98%
years (Cl: -0.021, (Cl: 0.009, (Cl: -£83, (Cl: -£87,

0.077) 0.084) £52) £16)
Female, 40 0.002 0.000 -£50 -£186 ABPM 91%
years (Cl: -0.008, (Cl: -0.008, (Cl: -£350, (Cl: -£406,

0.023) 0.017) £256) £31)
Female, 50 0.007 0.009 -£27 -£96 ABPM 91%
years (Cl: -0.011, (Cl: -0.0086, (Cl: -£216, (Cl: -£253,

0.043) 0.042) £149) £30)
Female, 60 0.011 0.017 -£27 -£81 ABPM 95%
years (Cl: -0.014, (Cl: -0.001, (Cl: -£1786, (Cl: -£210,

0.061) 0.064) £119) £12)
Female, 70 0.013 0.023 -£16 -£42 ABPM 97%
years (Cl: -0.015, (Cl: 0.006, (Cl: -£109, £71)  (CI: -£130,

0.058) 0.065) £14)
Female, 75 0.009 0.016 -£7 -£21 ABPM 97%
years (Cl: -0.011, (Cl: 0.004, (Cl: -£97, £71) (Cl: -£106,

0.041) 0.044) £36)

CE=cost effective at a £20,000 threshold; CI=95% confidence interval;, QAL Ys=quality-adjusted life years.

In the previous model, for some of the younger male and female groups, the incremental
QALYs of both HBPM and ABPM versus CBPM were negative, which meant that home and
ambulatory measurement provided fewer QALYs than clinic, but they were also cheaper.
ABPM was still the most cost effective method of diagnosis because the additional benefit of
the other comparators did not justify their cost. These lower QALYs of HBPM and ABPM,
could be explained because misdiagnosing people with a measurement method that had a
lower specificity (CBPM) led to an unexpected advantage of some people getting treatment,
and therefore cardiovascular risk reduction, sooner, before they became hypertensive and
potentially untreated in the period before they next have a BP check-up. This effect worked
to counteract some of the benefits of accurately diagnosing people with hypertension with
more accurate methods, such as ABPM. The effect was more prominent in younger people
because they have a lower prevalence of hypertension and therefore specificity plays a
greater role in the results than sensitivity (see previous model write-up in appendix J of the
previous guideline for more detail). However, in this new analysis, as the specificity of CBPM
has increased, this anomalous effect is less prominent, and ABPM is dominant in more
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subgroups than it was previously, predominantly because the new accuracy data is showing
higher specificities for CBPM and HBPM.

The initial misdiagnoses per 1,000 people with suspected hypertension are shown in Table
23 in appendix H. As the specificity of CBPM and HBPM has increased, then the number of
false positives has fallen compared to the base-case analysis of the previous model. The
sensitivity of CBPM has fallen in the new data used, which leads to a slight increase in the
number of false negatives (those who are normotensive but have been labelled as being
hypertensive and will be subjected to treatment).

The number of false positives for ABPM has also decreased, and this is likely to be because
those who fail ABPM are diagnosed with CBPM. As the specificity of CBPM has improved,
this has led to fewer false positives.

Overall, the update to the previous model has shown that ABPM is dominant in more
subgroups than it was previously and is still the most cost effective option in all subgroups
evaluated.

Resource costs

Unit costs in relation to the different measurement methods are presented below. These are
costs that were used in the base case analysis of Lovibond 2011% based on unit costs and
assumptions regarding resource use. Other costs and resource use was tested in extensive
sensitivity analysis.

Table 8: Resource use for diagnosis confirmation by CBPM, HBPM and ABPM

Cost element Associated resource use Cost per diagnosis
Diagnosis confirmation Consultation 1 (CBPM) @ £38.00
based on CBPM ®) ¢ Practice nurse appointment

Consultation 2 (CPBM +/- treatment
consultation) (@

o GP appointment

Diagnosis confirmation Consultation 1 (train patient in HBPM) £39.13
based on HBPM e Practice nurse appointment
7 days HBPM

¢ HBPM monitor use

Consultation 2 (review results +/- treatment
consultation)

o GP appointment

Diagnosis confirmation ~ Consultation 1 (fit ABPM monitor) £53.40
based on ABPM ¢ Practice nurse appointment

24 hours ABPM
¢ ABPM monitor use

Download data
¢ Practice nurse appointment

Consultation 2 (review results +/- treatment

consultation)

e GP appointment (review results +/-
treatment consultation)

(a) It is recommend that following an initial high BP reading CBPM is done at least twice more at monthly intervals
to confirm diagnosis.
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(b) The cost of the CBPM monitor is not included, as GPs will still require clinic monitors even if HBPM or ABPM
at diagnosis in instigated and so this cost will not vary dependant on the diagnosis strategy.

The costs were not updated in the model, because although the committee considered that
the cost of ABPM was likely to have reduced, the average cost of ABPM devices from the
NHS supply chain remained roughly similar. Additionally, other cost inputs such as the cost
of staff are likely to have increased over time, and as APBM required fewer staff resources,
this was also unlikely to change the results of the model because this would only lead to
favouring ABPM even more by making the comparator strategies more costly, resulting in a
smaller cost difference between ABPM and the other measurement methods.

Evidence statements

Clinical evidence statements

The evidence included 13 studies that evaluated 3 diagnostic tests. Of these, the committee
noted that HBPM without telemonitoring demonstrated the best sensitivity and specificity for
identifying primary hypertension. The evidence was of moderate to very low quality.
Evidence was identified for the following diagnostic tests:

e Home blood pressure measurement without telemonitoring:

o Very low quality evidence from 4 studies (n=963) showed that HBPM without
telemonitoring has a specificity of 84% and a sensitivity of 90% at a diagnostic
threshold of 2135/85 mmHg. which met the pre-specified threshold of 80% specificity
set by the committee for possible recommendation.

o Low quality evidence from 1 study (n=340) showed that HBPM without telemonitoring
had a specificity of 62.4% and a sensitivity of 84%, which did not meet the pre-
specified threshold of 80% specificity set by the committee for possible
recommendation. This study could not be combined in the meta-analysis, as only the
sensitivity and specificity values and not the 2x2 table values or prevalence were
reported.

o Very low quality evidence from 1 study (n=203) showed that HBPM without
telemonitoring has a specificity of 81% and a sensitivity of 71% at a diagnostic
threshold of 2130/85 mmHg, which met the pre-specified threshold of 80% specificity
set by the committee for possible recommendation.

o Very low quality evidence from 1 study (n=203) showed that HBPM without
telemonitoring has a specificity of 90% and a sensitivity of 63% at a diagnostic
threshold of 2130/80 mmHg, which met the pre-specified threshold of 80% specificity
set by the committee for possible recommendation.

o Moderate quality evidence from 1 study (n=47) showed that HBPM without
telemonitoring (with a wrist cuff) has a specificity of 70% and a sensitivity of 100% at a
diagnostic threshold of 2135/85 mmHg, which did not meet the pre-specified threshold
of 80% specificity set by the committee for possible recommendation.

o Moderate quality evidence from 1 study (n=43) showed that HBPM without
telemonitoring (with a wrist cuff and position sensor) has a specificity of 76% and a
sensitivity of 100% at a diagnostic threshold of 2135/85 mmHg, which did not meet the
pre-specified threshold of 80% specificity set by the committee for possible
recommendation.

e Home blood pressure measurement with telemonitoring:

o Very low quality evidence from 3 studies (n=539) showed that HBPM with
telemonitoring has a specificity of 63% and a sensitivity of 80% at a diagnostic
threshold of 2135/85 mmHg, which did not meet the pre-specified threshold of 80%
specificity set by the committee for possible recommendation.

¢ Clinic blood pressure measurement:
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o Very low quality evidence from 3 studies (n=1,250) showed that CBPM has a specificity
of 76% and a sensitivity of 81% at a diagnostic threshold of 2140/90 mmHg, which did
not meet the pre-specified threshold of 80% specificity set by the committee for
possible recommendation.

o Low quality evidence from 1 study (n=340) showed that CBPM has a specificity of
89.3% and a sensitivity of 41.4% at a diagnostic threshold of 2140/90 mmHg (using
second and third readings over 3 days), which met the pre-specified threshold of 80%
specificity set by the committee for possible recommendation.

o Low quality evidence from 1 study (n=340) showed that CBPM has a specificity of
78.7% and a sensitivity of 61.1%, at a diagnostic threshold of 2140/90 mmHg (using
second to sixth readings over 3 days), which did not meet the pre-specified threshold of
80% specificity set by the committee for possible recommendation.

o Low quality evidence from 1 study (n=340) showed that CBPM has a specificity of 59%
and a sensitivity of 44.4% at a diagnostic threshold of 2140/90 mmHg (using first
reading from day 1 only), which did not meet the pre-specified threshold of 80%
specificity set by the committee for possible recommendation.

Health economic evidence statements

e One cost-utility analysis found that ABPM was either dominant (cheaper and more
effective) or cost effective (at £20,000 per QALY gained) compared to HBPM and CBPM
for establishing the diagnosis of hypertension in subgroups split by sex and age (ranging
from 40 to 75).

¢ One original cost utility analysis found that ABPM was either dominant (cheaper and more
effective) or cost effective (at £20,000 per QALY gained) compared to HBPM and CBPM
for establishing the diagnosis of hypertension in subgroups split by sex and age (ranging
from 40 to 75).

The committee’s discussion of the evidence

Interpreting the evidence

The diagnostic measures that matter most

The committee agreed that sensitivity and specificity were both critical outcomes for this
review. Specificity was considered critical because inappropriate antihypertensive treatment
may cause harm, and it has long-term cost implications to the NHS. Higher specificity results
in fewer people being inappropriately diagnosed as hypertensive, thereby avoiding
unnecessary hypertensive treatment. The implications of unnecessary treatment are twofold.
Firstly, it places the person at a risk of medication-related side effects for a potential
reduction in cardiovascular risk that is not supported by current evidence. Secondly, once a
person has commenced antihypertensive therapy, the person tends to continue taking this
therapy for the rest of their life unless side effects or other medical issues require cessation.
Life-long antihypertensive therapy has significant cost implications due to the requirement for
ongoing prescription of medication and regular monitoring of blood pressure.

Sensitivity was also considered critical as a delay in the diagnosis and subsequent delay in
initiation of antihypertensive treatment would result in people with hypertension remaining at
a higher risk of developing irreversible cardiovascular disease. A high sensitivity results in
fewer people who are hypertensive being inappropriately identified as normotensive. The
implications of a missed diagnosis are that the person does not receive timely
antihypertensive therapy and so remains at an elevated risk of cardiovascular events.
Although sensitivity was considered as critical, it was given less weight than specificity when
conducting this review. The rationale for this decision was based on the likelihood that there
will be multiple other opportunities to diagnose hypertension correctly if missed at the first
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visit. For example, the guideline carries forward the 2011 recommendation that blood
pressure should be checked at least every 5 years in adults and more frequently if their blood
pressure is close to the diagnostic threshold. Prioritising specificity was also considered
important in order to avoid the inappropriate initiation of antihypertensive treatment. A
minimum threshold of 80% for both specificity and sensitivity was agreed for recommending
a test.

The committee chose the reference standard of ABPM for this review because ambulatory
blood pressure is accepted as having the best evidence among commonly used blood
pressure measurement techniques for correlation to target organ damage and prognosis.
The committee was aware of evidence to support this notion, such as a recent registry study
investigating the relationship between ABPM and mortality.'® As such, it is widely used to
arbitrate on both the diagnosis and management of hypertension. However, the limitations of
this are that there are no RCTs investigating the diagnostic clinical effectiveness of
ambulatory blood pressure measurement or any other kind of measurement. The correlation
found between ABPM and target organ damage and prognosis is based on observational
data. ldentified by the previous guideline iteration (CG127). ABPM does correlate well with
invasive blood pressure measurement techniques, which are thought to be the ‘true’ gold
standard but are rarely used due to costs and harm to people with hypertension. Another
benefit of ABPM is that it can identify white-coat and masked-effect hypertension, thus
improving its accuracy of identifying primary hypertension.

The quality of the evidence

No diagnostic RCTs were identified that matched the protocol for this evidence review.
Thirteen diagnostic accuracy studies were included. Of these, 6 evaluated the diagnostic
accuracy of HBPM without telemonitoring, 4 evaluated HBPM with telemonitoring and 5
evaluated clinic blood pressure measurements. Meta-analysis was performed where possible
but could not be carried out for all of the index tests due to the lack of adequate data
reporting, and the differences between the index tests between studies.

The quality of the diagnostic accuracy evidence was assessed per index test and ranged
from moderate to very low quality. Most of the evidence was assessed to be at serious or
very serious risk of bias often due to a lack of blinding (although it was noted it is impossible
to blind to either home, clinic or ambulatory blood pressure monitoring) and poor reporting of
index test analysis. Some of the studies also had high attrition rates, which were related to a
high number of participants excluded from analyses for not having enough valid blood
pressure measurements. Furthermore, heterogeneity in the meta-analyses resulted in
inconsistency with serious or very serious imprecision; this was particularly true for the clinic
blood pressure meta-analysis. Although the reason for this was unclear and subgroup
analyses did not explain this heterogeneity, the committee agreed that this could be due to
the limited amount of evidence and disparities in the included populations.

Despite the limitations, the committee agreed that the evidence should be considered more
relevant to current practice than that included in the previous guideline, particularly due to the
publication cut-off date of the year 2000 applied in the updated systematic review; the
committee agreed that devices issued prior to this date were no longer relevant to the
diagnosis of hypertension. In clinical practice, mercury-based sphygmanometers have now
been replaced by electronic sphygmanometers due to control of substances hazardous to
health regulations and reduction in observer bias.

Discussion of the evidence

The evidence for the use of blood pressure measurement for the diagnosis of hypertension
was heterogeneous. Most of the included studies were small, enrolled different populations
and had different protocols for obtaining measurements; for example, they used a different
number of measurements each day or measured blood pressure for a different number of
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days. Consequently, the guideline committee agreed that it was difficult to interpret the
evidence in a meaningful way.

The evidence did not show different diagnostic thresholds to be more accurate than the
currently recommended thresholds for any of the methods of blood pressure measurement.
The committee agreed not to change these thresholds and to retain those recommended in
the previous guideline. These remain in line with most international norms.

The committee agreed that accuracy data for HBPM without telemonitoring was not
considerably different to those reported in the previous guideline. In CG127, specificity and
sensitivity values were 62% and 86% respectively. This update found the values to be
increased at 84% and 90%, however, the new confidence intervals, are similar to CG127,
and demonstrate serious imprecision in the diagnostic estimates. Specificity improved
somewhat, but the committee could not be sure that this was the true effect due to serious
imprecision within the evidence for this outcome. The committee also noted that the
differences between HBPM with and without telemonitoring were interesting because
telemonitoring had lower sensitivity and specificity values. In theory, it agreed that
telemonitoring should aid the accuracy of results. The evidence review was not consistent
with this belief and found no benefits to the addition of telemonitoring; as a result, the
committee agreed not to include telemonitoring in any recommendations for diagnosis of
hypertension.

For clinic blood pressure measurement, the committee noted that the values were similar to
the previous guideline. The committee put particular emphasis on the large confidence
intervals for both specificity and sensitivity within the meta-analysis, and they considered that
the true accuracy of clinic-based blood pressure monitoring was highly variable and
remained uncertain. It noted that specificity, which is the prioritised outcome, was also lower
than HBPM without telemonitoring. The committee also took into consideration that the
specificity and sensitivity values did not reach the minimum threshold of 80% the committee
set for recommending a test. Other important influences were white-coat hypertension and
masked-effect hypertension, which could have serious implications for measurement in the
clinic. Taking all of these concerns into account, the committee agreed that CBPM should not
be used as an alternative to ABPM on its own to diagnose hypertension. Considering the
results of both HBPM and CBPM, the committee agreed that HBPM was still the best
alternative where ABPM could not be tolerated. As the clinical evidence for HBPM was
consistent with the previous guideline as well as the cost-effectiveness evidence, the
committee decided to carry forward the recommendations of CG127 for HBPM.

The committee discussed repeated blood pressure measurements when there was a
difference in blood pressure between arms. The committee noted that clinical practice could
vary greatly although it was agreed that a difference in arms could be an indication of
vascular disease. They agreed that a cut-off of 15 mmHg would be more suitable than the
previous 20 mmHg and would be in line with recent evidence to suggest that a smaller
difference between arms is associated with cardiovascular events, possibly due to the
indication of vascular damage.'"®

The committee assessed the small amount of evidence available from 1 study evaluating
HBPM with a wrist cuff. They agreed that results were similar to arm-cuff measurement
although there wasn’t enough evidence to make a fully informed conclusion about this
method. The committee was concerned regarding whether wrist cuffs are generally used
properly, as best practice is for these to be held at the level of the heart. They noted that this
was the reason that previous guidelines had not recommended them for general use. The
committee agreed that wrist cuffs are currently essential for people with a larger arm
circumference. There is currently no better alternative or evidence to suggest these devices
are inaccurate when properly used. The committee discussed the use of extra-large cuffs
and agreed that there is variation in availability of these within clinical practice. Taking the
lack of evidence into account as a whole, the committee agreed that there was not enough
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evidence to make a recommendation on wrist-cuff use. The evidence also did not warrant the
use of a position sensor with wrist cuff measurement because this could be too costly with an
unknown clinical benefit.

In terms of the number of measurements taken, the committee agreed that the evidence was
in line with previous recommendations; although this evidence was only low quality from a
small number of studies, so firm conclusions could not be drawn. In particular, the evidence
related to clinic blood pressure measurements was difficult to interpret; the results were not
compared to current practice and therefore any differences in accuracy were not
measureable. The alternative protocols found in the review were to measure across 3 days,
and using the second to sixth measurement of each day or the second and third
measurement of each day. It was unclear how this would compare to current practice.

Cost effectiveness and resource use

One economic evaluation was included in the updated evidence review. This is the model
from the previous hypertension guideline comparing ABPM (the reference standard) with
HBPM and CBPM.

Three economic evaluations were identified but excluded due to a combination of limited
applicability and methodological limitations. One of these studies was included in the
previous guideline; however, it was excluded here because it is a US study. Another study
was a comparative costing study comparing the addition of HBPM versus no HBPM in a
population tested positive for hypertension on CBPM and was assessed as partially
applicable with very serious limitations. The final study was a comparative costing study
comparing the addition of ABPM versus no ABPM in a population positive for hypertension
on CBPM; it was also assessed as partially applicable with very serious limitations. There is
more applicable evidence available from the original model undertaken in the previous
guideline.

The CG127 model was developed because it was identified as a high priority area for
modelling. Although ABPM is the most effective, it is also the most expensive method of
diagnosing hypertension, which leads to a cost benefit trade-off.

The cost-effectiveness analysis compared CBPM, HBPM or ABPM for confirming a diagnosis
in people with suspected hypertension. As well as initial diagnosis costs, the analysis took
into account downstream costs including hypertension treatment, check-ups and
development of cardiovascular disease. Health benefits were quantified in terms of QALY's.
Full details of the analysis are available in appendix J of CG127.

Contrary to what might have been expected and mindful of the higher costs of ABPM
devices, the CG127 cost-effectiveness analysis found ABPM to be the most cost-effective
option for the diagnosis of hypertension across a range of age groups in both men and
women. In most groups, ABPM was actually found to improve health (increased QALYs, due
to reduced cardiovascular events) and reduce costs, suggesting that use of ABPM for the
diagnosis of hypertension has the potential to be cost saving for the NHS. The committee
noted that this conclusion was robust to a wide range of sensitivity analyses including those
varying the cost of ABPM, the failure rate for ABPM, the level of cardiovascular disease
(CVD) risk and the prevalence of true hypertension in the population. Unsurprisingly, the
conclusion was sensitive to assumptions regarding the accuracy of diagnosis with each
method; for example, when the other methods (CBPM or HBPM) were assumed to be as
accurate as ABPM — which the effectiveness analysis suggested that they are not. The
conclusion was also sensitive to the assumption that people who were not hypertensive but
were treated did not receive benefits from treatment, which they might have received. On the
other hand, the analysis did not model the impact of unnecessarily treating people who are
not hypertensive and the costs, inconvenience, adverse effects of treatment and impact
disease labelling may have on individual people incorrectly diagnosed as hypertensive.
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These are likely to favour ABPM; in fact, a sensitivity analysis assuming a decrease in
QALYs from adverse effects from treatment supported this.

The committee thought about how the inputs in the CG127 analysis may have changed that
might lead to the model conclusion changing. A previous sensitivity analysis of the CG127
model had shown that if HBPM was as accurate as ABPM, then HBPM would be a dominant
intervention if cheaper and just as effective. Therefore, if the update guideline clinical review
showed that HBPM was closer in accuracy to ABPM, then this might impact the results. In
terms of costs, the committee felt that the cost of ABPM equipment was likely to have
decreased because there was a large demand for the ABPM monitors after the publication of
the last guideline, and manufacturers reduced their prices in response to this. In fact, the cost
of ABPM monitors have slightly reduced. In which case, this would only favour ABPM even
more. Other inputs such as cost of staff or treating cardiovascular events are also likely to
have increased over time. However, as APBM required fewer staff resources and led to
fewer events, this was also unlikely to change the results of the model because this would
only lead to favouring ABPM even more by making the comparator strategies more costly.

The update guideline clinical review identified that the specificity of HBPM increased by over
20% and the specificity of clinic measurement also increased. As the committee was
interested in the comparison of HBPM and ABPM and whether this improvement in HBPM
would change the model results, a new analysis was added to the CG127 model as a minor
update, which included the new clinical review accuracy data. All other inputs were exactly
the same as the CG127 model. For further information on the new analysis, see appendix 1:
Treatment initiation model write-up.

This new analysis identified that ABPM was still the most cost-effective strategy for all age
and sex subgroups. The incremental costs have fallen for ABPM versus the other strategies
because the specificity of the other strategies have increased, meaning that there are fewer
false positives accruing unnecessary treatment costs, so ABPM is still cost saving but not to
such a higher extent. ABPM is also now dominant for more of the age and sex groups. This
means that using the old accuracy data created an effect in the lower prevalence groups (the
younger age groups) whereby having a test with a low specificity was appearing as a good
thing because misdiagnosing people before they become hypertensive means that they
derive treatment benefit. This outweighed the benefit of a more accurate test because there
were only a few people to identify correctly in a subgroup with a lower prevalence of
hypertension. Whereas with the new review data with higher specificities for CBPM and
HBPM, this effect is not so prominent. ABPM now has higher QALYs than the other
strategies in all subgroups expect 1 (the male 40 year group) and lower costs in all
subgroups (that is, dominant). In the male aged 40 group, the ICER was over £50,000 for
HBPM versus ABPM, making HBPM not cost effective according to the NICE threshold.

Based on these results, the committee carried forward the CG127 recommendations about
diagnosis.

It was acknowledged that implementing this strategy would still be a challenge. The uptake of
ABPM since the last guideline has not been 100% in practice. Therefore, there is still likely to
be some resource impact from carrying forward the previous recommendation on ABPM.
Presently, some but not all primary care practices have access to ABPM devices; others do
not. Some practices access ABPM through referral to secondary care. However, most
practices have access to devices to increase their use, as this guideline recommendation
requires. A 2017 survey in one part of the country showed that around 1 in 10 practices still
do not have access to ABPM. " When being implemented in areas that don’t currently have
access, staff would need to be trained in the use and the interpretation of data generated by
the ABPM reports.

The existing recommendations on use of appropriate cuff size (see the section on measuring
blood pressure) and recognition that automated measurements may be unreliable or
impossible in people with significant pulse irregularity (for example, atrial fibrillation; see the
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section on measuring blood pressure) still apply, and therefore the previous guideline
recommendation was carried forward. Some people will not tolerate ABPM, and in others,
the procedure will fail. The CG127 model anticipated a failure rate of 5% ranging to a more
extreme failure rate of 10% in sensitivity analyses, and ABPM remained the most cost-
effective option for the diagnosis of hypertension. In those unable to tolerate or unwilling to
undergo ABPM, the committee also carried forward the recommendation on HBPM as an
alternative means of confirming the diagnosis of hypertension with emphasis that ABPM is
the preferred method. For those with significant pulse irregularity, ABPM and HBPM are
likely to be unreliable methods for blood pressure measurement and a series of CBPM
readings via manual auscultation (see the section on measuring blood pressure) remains the
only suitable option.

Other factors the committee took into account

The committee discussed the acceptability of the different diagnostic methods in different
populations. Specific references were made to patient preference, the failure rates of ABPM
(the index test) and the difficulty some people may have in performing HBPM. The committee
noted that although the failure rate for ABPM may be higher in certain subgroups, the
resulting delay in confirming or excluding hypertension would be unlikely to lead to harm, and
the failure of 1 method does not prevent an alternative method to be used subsequently. The
committee decided that the superior diagnostic accuracy and economic advantages of ABPM
outweighed these issues.

The committee were aware of some evidence that people of South Asian origin tend to
tolerate ABPM less well than other populations. It was agreed that the recommendation to
offer HBPM for those in who could not tolerate ABPM or in whom it was unsuitable, would
apply for this group.

Although there was no evidence for diagnostic RCTs informing this research question, the
committee did not agree that this was an area that warranted a research recommendation as
there was sufficient evidence available from the diagnostic test accuracy and cost
effectiveness evidence.

The diagnostic methods considered in this review are used commonly throughout primary
and secondary care, so no additional training requirements were anticipated if the review
recommended an alternative to existing pathways.

29



Hypertension in adults: Final
Diagnostic accuracy

References

1.

10.

11.

12.

13.

Abellan-Huerta J, Prieto-Valiente L, Montoro-Garcia S, Abellan-Aleman J, Soria-
Arcos F. Correlation of blood pressure variability as measured by clinic, self-
measurement at home, and ambulatory blood pressure monitoring. American Journal
of Hypertension. 2018; 31(3):305-312

Agnoletti D, Millasseau S, Topouchian J, Safar ME, Blacher J. Comparison of central
blood pressure devices on the basis of a modified protocol of the European Society of
Hypertension: Application to the Centron cBP301. Blood Pressure Monitoring. 2014;
19(2):103-8

Ahmed W, Jackson MA, Odum J, Nicholas JCB, Rylance PB. How can ambulatory
blood pressure monitoring help in the management of patients with uncontrolled or
variable hypertension? British Journal of Cardiology. 2003; 10(2):105+107+109

Almeida AE, Stein R, Gus M, Nascimento JA, Arévalo JR, Fuchs FD et al. Improved
diagnostic accuracy of a 3-day protocol of home blood pressure monitoring for the
diagnosis of arterial hypertension. Blood Pressure Monitoring. 2013; 18(2):119-26

Almeida AE, Stein R, Gus M, Nascimento JA, Belli KC, Arevalo JR et al. Relevance
to home blood pressure monitoring protocol of blood pressure measurements taken
before first- morning micturition and in the afternoon. Arquivos Brasileiros de
Cardiologia. 2014; 103(4):338-47

Altunkan S, Genc Y, Altunkan E. A comparative study of an ambulatory blood
pressure measuring device and a wrist blood pressure monitor with a position sensor
versus a mercury sphygmomanometer. European Journal of Internal Medicine. 2007;
18(2):118-23

Altunkan S, Yildiz S, Azer S. Wrist blood pressure-measuring devices: A comparative
study of accuracy with a standard auscultatory method using a mercury manometer.
Blood Pressure Monitoring. 2002; 7(5):281-4

Anderson S, Schank B, Gallegos L, Truong T. Is 24 hour home blood pressure
monitoring a better predictor of cardiovascular events than routine office blood
pressure testing? Journal - Oklahoma State Medical Association. 2013; 106(12):480-
1

Andreadis EA, Angelopoulos ET, Tsakanikas AP, Agaliotis GD, Kravvariti SD,
Mousoulis GP. Automated office versus home measurement of blood pressure in the
assessment of morning hypertension. Blood Pressure Monitoring. 2012; 17(1):24-34

Andreadis EA, Papademetriou V, Geladari CV, Kolyvas GN, Angelopoulos ET, Aronis
KN. Home, automated office, and conventional office blood pressure as predictors of
cardiovascular risk. Journal of the American Society of Hypertension. 2017;
11(3):165-170.e2

Appel LJ, Whelton PK, Seidler AJ, Patel AR, Klag MJ. The accuracy and precision of
the Accutracker ambulatory blood pressure monitor. American Journal of
Epidemiology. 1990; 132(2):343-354

Banegas JR, Messerli FH, Waeber B, Rodriguez-Artalejo F, de la Sierra A, Segura J
et al. Discrepancies between office and ambulatory blood pressure: Clinical
implications. American Journal of Medicine. 2009; 122(12):1136-1141

Banegas JR, Ruilope L, de La Sierra A, Vinyoles E, Gorostidi M, de La Cruz JJ et al.
Relationship between clinic and ambulatory blood-pressure measurements and
mortality. New England Journal of Medicine. 2018; 378:1509-1520

30



Hypertension in adults: Final
Diagnostic accuracy

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Banegas JR, Ruilope LM, De La Sierra A, Vinyoles E, Gorostidi M, De La Cruz JJ et
al. Clinic versus daytime ambulatory blood pressure difference in hypertensive
patients: The impact of age and clinic blood pressure. Hypertension. 2017; 69(2):211-
219

Bassein L, Borghi C, Costa FV, Strocchi E, Mussi A, Ambrosioni E. Comparison of
three devices for measuring blood pressure. Statistics in Medicine. 1985; 4(3):361-
368

Bassein L, Borghi C, Costa FV, Strocchi E, Mussi A, Ambrosioni E. Comparison of
two automatic devices and the standard mercury sphygmomanometer in hypertensive
patients. Clinical and Experimental Hypertension Part A: Theory and Practice. 1985;
7(2-3):387-390

Bayo J, Cos FX, Roca C, Dalfo A, Martin-Baranera MM, Albert B. Home blood
pressure self-monitoring: Diagnostic performance in white-coat hypertension. Blood
Pressure Monitoring. 2006; 11(2):47-52

Beaubien ER, Card CM, Card SE, Biem HJ, Wilson TW. Accuracy of the Dinamap
1846 XT automated blood pressure monitor. Journal of Human Hypertension. 2002;
16(9):647-52

Beckett L, Godwin M. The BpTRU automatic blood pressure monitor compared to 24
hour ambulatory blood pressure monitoring in the assessment of blood pressure in
patients with hypertension. BMC Cardiovascular Disorders. 2005; 5:18

Bjorklund K, Lind L, Zethelius B, Berglund L, Lithell H. Prognostic significance of 24-h
ambulatory blood pressure characteristics for cardiovascular morbidity in a population
of elderly men. Journal of Hypertension. 2004; 22(9):1691-7

Bobrie G, Chatellier G, Genes N, Clerson P, Vaur L, Vaisse B et al. Cardiovascular
prognosis of "masked hypertension" detected by blood pressure self-measurement in
elderly treated hypertensive patients. JAMA. 2004; 291(11):1342-9

Bobrie G, Genes N, Vaur L, Clerson P, Vaisse B, Mallion JM et al. Is "isolated home"
hypertension as opposed to "isolated office" hypertension a sign of greater
cardiovascular risk? Archives of Internal Medicine. 2001; 161(18):2205-11

Botomino A, Martina B, Ruf D, Bruppacher R, Hersberger KE. White coat effect and
white coat hypertension in community pharmacy practice. Blood Pressure Monitoring.
2005; 10(1):13-8

Bottini PB, Carr AA, Rhoades RB, Prisant LM. Variability of indirect methods used to
determine blood pressure. Office vs mean 24-hour automated blood pressures.
Archives of Internal Medicine. 1992; 152(1):139-144

Braam RL, Thien T. Is the accuracy of blood pressure measuring devices
underestimated at increasing blood pressure levels? Blood Pressure Monitoring.
2005; 10(5):283-9

Braun HJ, Rabouw H, Werner H, Van Montfrans GA, De Stigter C, Zwinderman AH et
al. Measurements of blood pressure with various techniques in daily practice:
Uncertainty in diagnosing office hypertension with short-term in-hospital registration
of blood pressure. Blood Pressure Monitoring. 1999; 4(2):59-64

Brook RD. Home blood pressure: Accuracy is independent of monitoring schedules.
American Journal of Hypertension. 2000; 13(6 Pt 1):625-631

31



Hypertension in adults: Final
Diagnostic accuracy

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cai A, Liu C, Zhou D, Liu X, Zhong Q, Li X et al. Ambulatory blood pressure is
superior to clinic blood pressure in relation to ischemic stroke in both diabetic and
nondiabetic patients. Blood Pressure Monitoring. 2017; 22(6):314-321

Cappelleri C, Janoschka A, Berli R, Kohler S, Braun-Dullaeus RC, Heuss LT et al.
Twenty-four-hour ambulatory blood pressure monitoring in very elderly patients.
Medicine. 2017; 96(34):e7692

Cheng HM, Chuang SY, Sung SH, Yu WC, Pearson A, Lakatta EG et al. Derivation
and validation of diagnostic thresholds for central blood pressure measurements
based on long-term cardiovascular risks. Journal of the American College of
Cardiology. 2013; 62(19):1780-7

Cheng XR, Wang Y, Hu B, Jia X, Li W. Comparison of clinic and ambulatory blood
pressure in response to antihypertensive drugs in Chinese patients. Biomedical and
Environmental Sciences. 2007; 20(4):279-83

Chrubasik-Hausmann S, Chrubasik C, Walz B, Monting JS, Erne P. Comparisons of
home and daytime ambulatory blood pressure measurements. BMC Cardiovascular
Disorders. 2014; 14:94

Chrubasik S, Droste C, Glimm E, Black A. Comparison of different methods of blood
pressure measurements. Blood Pressure Monitoring. 2007; 12(3):157-66

Clark S, Fowlie S, Coats A, Radaelli A, Putt M, Bird R et al. Ambulatory blood
pressure monitoring: Validation of the accuracy and reliability of the TM-2420
according to the AAMI recommendations. Journal of Human Hypertension. 1991;
5(2):77-82

Clement DL, De Buyzere M. Office versus Ambulatory (OvA) recording of blood
pressure, a European multicenter study: Inclusion and early follow-up characteristics.
Blood Pressure Monitoring. 1998; 3(3):167-172

Conway J, Johnston J, Coats A, Somers V, Sleight P. The use of ambulatory blood
pressure monitoring to improve the accuracy and reduce the numbers of subjects in
clinical trials of antihypertensive agents. Journal of Hypertension. 1988; 6(2):111-6

Cox J, Amery A, Clement D, Cort P, Fagard R, Fowler G et al. Relationship between
blood pressure measured in the clinic and by ambulatory monitoring and left
ventricular size as measured by electrocardiogram in elderly patients with isolated
systolic hypertension. Journal of Hypertension. 1993; 11(3):269-276

Dawes MG, Coats AJ, Juszczak E. Daytime ambulatory systolic blood pressure is
more effective at predicting mortality than clinic blood pressure. Blood Pressure
Monitoring. 2006; 11(3):111-8

Den Hond E, Celis H, Fagard R, Keary L, Leeman M, O'Brien E et al. Self-measured
versus ambulatory blood pressure in the diagnosis of hypertension. Journal of
Hypertension. 2003; 21(4):717-22

Di Monaco S, Rabbia F, Covella M, Fulcheri C, Berra E, Pappaccogli M et al.
Evaluation of a short home blood pressure measurement in an outpatient population
of hypertensives. Clinical and Experimental Hypertension. 2016; 38(8):673-679

Dieterle T, Battegay E, Bucheli B, Martina B. Accuracy and 'range of uncertainty' of
oscillometric blood pressure monitors around the upper arm and the wrist. Blood
Pressure Monitoring. 1998; 3(6):339-346

32



Hypertension in adults: Final
Diagnostic accuracy

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Divison JA, Sanchis C, Artigao LM, Carbayo JA, Carrion-Valero L, Lopez de Coca E
et al. Home-based self-measurement of blood pressure: A proposal using new
reference values (the PURAS study). Blood Pressure Monitoring. 2004; 9(4):211-8

Dolan E, Stanton A, Thijs L, Hinedi K, Atkins N, McClory S et al. Superiority of
ambulatory over clinic blood pressure measurement in predicting mortality: the Dublin
outcome study. Hypertension. 2005; 46(1):156-61

Durme DJ, Goldstein M, Pal N, Roetzheim RG, Gonzalez EC. The accuracy of
community-based automated blood pressure machines. Journal of Family Practice.
2000; 49(5):449-452

Dzien A, Pfeiffer K, Dzien-Bischinger C, Hoppichler F, Lechleitner M. The correlation
of office blood pressure and 24-hour ambulatory measurements in hypertensive
patients - comparison between non-pharmacological treatment and antihypertensive
medication. European Journal of Medical Research. 2000; 5(6):268-72

Elijovich F, Laffer CL. Bayesian analysis supports use of ambulatory blood pressure
monitors for screening. Hypertension. 1992; 19(Suppl 2):11268-11272

Espinosa R, Spruill TM, Zawadzki MJ, Vandekar L, Garcia-Vera MP, Sanz J et al.
Can blood pressure measurements taken in the physician's office avoid the 'white
coat' bias? Blood Pressure Monitoring. 2011; 16(5):231-7

Fagard RH, Thijs L, Staessen JA, Clement DL, De Buyzere ML, De Bacquer DA.
Prognostic significance of ambulatory blood pressure in hypertensive patients with
history of cardiovascular disease. Blood Pressure Monitoring. 2008; 13(6):325-32

Fagard RH, Van Den Broeke C, De Cort P. Prognostic significance of blood pressure
measured in the office, at home and during ambulatory monitoring in older patients in
general practice. Journal of Human Hypertension. 2005; 19(10):801-7

Fitzgerald DJ, O'Callaghan WG, McQuaid R. Accuracy and reliability of two indirect
ambulatory blood pressure recorders: Remler M2000 and Cardiodyne Sphygmolog.
British Heart Journal. 1982; 48(6):572-579

Fitzgerald DJ, O'Callaghan WG, O'Malley K, O'Brien ET. Accuracy of the London
School of Hygiene and Remler M2000 sphygmomanometers. Clinical Science. 1981;
61(Suppl 7):399-401

Floras JS, Jones JV, Hassan MO, Osikowska B, Sever PS, Sleight P. Cuff and
ambulatory blood pressure in subjects with essential hypertension. The Lancet. 1981;
2(8238):107-109

Flores L, Recasens M, Gomis R, Esmatjes E. White coat hypertension in type 1
diabetic patients without nephropathy. American Journal of Hypertension. 2000; 13(5
Pt 1):560-3

Fukunaga H, Ohkubo T, Kobayashi M, Tamaki Y, Kikuya M, Obara T et al. Cost-
effectiveness of the introduction of home blood pressure measurement in patients
with office hypertension. Journal of Hypertension. 2008; 26(4):685-90

Gazzola K, Cammenga M, Van Der Hoeven NV, Van Montfrans GA, Van Den Born
BJH. Prevalence and reproducibility of differences between home and ambulatory
blood pressure and their relation with hypertensive organ damage. Journal of Human
Hypertension. 2017; 31(9):555-560

Gerc V, Favrat B, Brunner HR, Burnier M. Is nurse-measured blood pressure a valid
substitute for ambulatory blood pressure monitoring? Blood Pressure Monitoring.
2000; 5(4):203-9

33



Hypertension in adults: Final
Diagnostic accuracy

o7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Gill P, Haque MS, Martin U, Mant J, Mohammed MA, Heer G et al. Measurement of
blood pressure for the diagnosis and management of hypertension in different ethnic
groups: One size fits all. BMC Cardiovascular Disorders. 2017; 17:55

Gonzalvo J, Zillich A. Accuracy of automated community pharmacy-based blood
pressure devices. Journal of the American Pharmaceutical Association. 2011;
51(3):408-411

Gorostidi M, Sarafidis PA, De La Sierra A, Segura J, De La Cruz JJ, Banegas JR et
al. Differences between office and 24-hour blood pressure control in hypertensive
patients with CKD: A 5,693-patient cross-sectional analysis from Spain. American
Journal of Kidney Diseases. 2013; 62(2):285-294

Gould BA, Hornung RS, Kieso HA, Altman DG, Cashman PM, Raftery EB. Evaluation
of the Remler M2000 blood pressure recorder. Comparison with intraarterial blood
pressure recordings both at hospital and at home. Hypertension. 1984; 6(2):209-215

Gould BA, Kieso HA, Hornung R, Altman DG, Cashman PM, Raftery EB. Assessment
of the accuracy and role of self-recorded blood pressures in the management of
hypertension. British Medical Journal. 1982; 285(6356):1691-1694

Gourlay SG, McNeil JJ, Marriner T, Farish SJ, Prijatmoko D, McGrath BP.
Discordance of mercury sphygmomanometer and ambulatory blood pressure
measurements for the detection of untreated hypertension in a population study.
Journal of Human Hypertension. 1993; 7(5):467-72

Grezzana GB, Stein AT, Pellanda LC. The accuracy of GP blood pressure
measurements compared with 24-hour ambulatory monitoring. Primary Care
Cardiovascular Journal. 2014; 7(2):71-75

Grezzana GB, Stein AT, Pellanda LC. Twenty-four-hour ambulatory blood pressure
monitoring for clinical evaluation of hypertensive patients in primary care: Which
groups would most benefit? Blood Pressure Monitoring. 2017; 22(2):72-78

Gums TH, Uribe L, Vander Weg MW, James P, Coffey C, Carter BL. Pharmacist
intervention for blood pressure control: Medication intensification and adherence.
Journal of the American Society of Hypertension. 2015; 9(7):569-78

Gurpreet K, Tee GH, Karuthan C. Evaluation of the accuracy of the Omron HEM-907
blood pressure device. Medical Journal of Malaysia. 2008; 63(3):239-243

Hamilton W, Round A, Goodchild R, Baker C. Do community based self-reading
sphygmomanometers improve detection of hypertension? A feasibility study. Journal
of Public Health Medicine. 2003; 25(2):125-130

Hansen KW, Schmitz A, Mau Pedersen M. Ambulatory blood pressure measurement
in Type 2 diabetic patients: Methodological aspects. Diabetic Medicine. 1991;
8(6):567-572

Hansen TW, Jeppesen J, Rasmussen S, Ibsen H, Torp-Pedersen C. Ambulatory
blood pressure and mortality: A population-based study. Hypertension. 2005;
45(4):499-504

Hansen TW, Kikuya M, Thijs L, Bjorklund-Bodegard K, Kuznetsova T, Ohkubo T et al.
Prognostic superiority of daytime ambulatory over conventional blood pressure in four
populations: a meta-analysis of 7,030 individuals. Journal of Hypertension. 2007;
25(8):1554-64

Hodgkinson J, Mant J, Martin U, Guo B, Hobbs FD, Deeks JJ et al. Relative
effectiveness of clinic and home blood pressure monitoring compared with

34



Hypertension in adults: Final
Diagnostic accuracy

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

ambulatory blood pressure monitoring in diagnosis of hypertension: Systematic
review. BMJ. 2011; 342:d3621

Hoegholm A, Kristensen KS, Madsen NH, Svendsen TL. The frequency of white coat
hypertension among patients with newly diagnosed hypertension. Cardiovascular
Reviews and Reports. 1994; 15(6):55-56+59-61

Imai Y, Tsuji I, Nagai K, Sakuma M, Ohkubo T, Watanabe N et al. Ambulatory blood
pressure monitoring in evaluating the prevalence of hypertension in adults in
Ohasama, a rural Japanese community. Hypertension Research. 1996; 19(3):207-
212

Ingelsson E, Bjorklund-Bodegard K, Lind L, Arnlov J, Sundstrom J. Diurnal blood
pressure pattern and risk of congestive heart failure. JAMA. 2006; 295(24):2859-66

Irving G, Holden J, Stevens R, McManus RJ. Which cuff should | use? Indirect blood
pressure measurement for the diagnosis of hypertension in patients with obesity: A
diagnostic accuracy review. BMJ Open. 2016; 6(11):e012429

Jegatheswaran J, Ruzicka M, Hiremath S, Edwards C. Are automated blood pressure
monitors comparable to ambulatory blood pressure monitors? A systematic review
and meta-analysis. Canadian Journal of Cardiology. 2017; 33(5):644-652

Johnson KA, Partsch DJ, Gleason P, Makay K. Comparison of two home blood
pressure monitors with a mercury sphygmomanometer in an ambulatory population.
Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 1999;
19(3):333-339

Jula A, Puukka P, Karanko H. Multiple clinic and home blood pressure measurements
versus ambulatory blood pressure monitoring. Hypertension. 1999; 34(2):261-6

Kang YY, Chen Q, Li Y, Wang JG. Validation of the SCIAN LD-735 wrist blood
pressure monitor for home blood pressure monitoring according to the European
Society of Hypertension International Protocol revision 2010. Blood Pressure
Monitoring. 2016; 21(4):255-258

Kang YY, Li Y, Huang QF, Song J, Shan XL, Dou Y et al. Accuracy of home versus
ambulatory blood pressure monitoring in the diagnosis of white-coat and masked
hypertension. Journal of Hypertension. 2015; 33(8):1580-7

Kario K. Diagnosis of true uncontrolled hypertension using both home and ambulatory
blood pressure monitoring. Journal of Human Hypertension. 2014; 28(3):176-9

Kay LE. Accuracy of blood pressure measurement in the family practice center. The
Journal of the American Board of Family Practice / American Board of Family
Practice. 1998; 11(4):252-258

Kengne AP, Libend CN, Dzudie A, Menanga A, Dehayem MY, Kingue S et al. An
assessment of discriminatory power of office blood pressure measurements in
predicting optimal ambulatory blood pressure control in people with type 2 diabetes.
Pan African Medical Journal. 2014; 19:231

Ker JA, van Wyk CJ, Rheeder P. Ambulatory blood pressure monitoring: Comparison
with office blood pressure in patients on antihypertensive therapy in private practice.
South African Medical Journal. 1998; 88(2):133-5

Khattar RS, Swales JD, Banfield A, Dore C, Senior R, Lahiri A. Prediction of coronary
and cerebrovascular morbidity and mortality by direct continuous ambulatory blood
pressure monitoring in essential hypertension. Circulation. 1999; 100(10):1071-6

35



Hypertension in adults: Final
Diagnostic accuracy

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Ki JH, Oh MK, Lee SH. Differences in blood pressure measurements obtained using
an automatic oscillometric sphygmomanometer depending on clothes-wearing status.
Korean Journal of Family Medicine. 2013; 34(2):145-51

Kikuya M, Chonan K, Imai Y, Goto E, Ishii M. Accuracy and reliability of wrist-cuff
devices for self-measurement of blood pressure. Journal of Hypertension. 2002;
20(4):629-638

Kikuya M, Hansen TW, Thijs L, Bjorklund-Bodegard K, Kuznetsova T, Ohkubo T et al.
Diagnostic thresholds for ambulatory blood pressure monitoring based on 10-year
cardiovascular risk. Circulation. 2007; 115(16):2145-52

Kim S, Park JJ, Lee SA, Cho Y, Yoon YE, Oh |Y et al. Diagnostic accuracy of manual
office blood pressure measurement in ambulatory hypertensive patients in Korea.
Korean Journal of Internal Medicine. 2018; 33(1):113-120

Kjeldsen SE, Hedner T, Jamerson K, Julius S, Haley WE, Zabalgoitia M et al.
Hypertension optimal treatment (HOT) study: Home blood pressure in treated
hypertensive subjects. Hypertension. 1998; 31(4):1014-1020

Krakoff LR. Cost-effectiveness of ambulatory blood pressure: A reanalysis.
Hypertension. 2006; 47(1):29-34

Larkin KT, Schauss SL, Elnicki DM. Isolated clinic hypertension and normotension:
False positives and false negatives in the assessment of hypertension. Blood
Pressure Monitoring. 1998; 3(4):247-254

Lehmann KG, Gelman JA, Weber MA, Lafrades A. Comparative accuracy of three
automated techniques in the noninvasive estimation of central blood pressure in men.
American Journal of Cardiovascular Drugs. 1998; 81(8):1004-1012

Levine DM, Cohen JD, Dustan HP, Falkner B, Flora JA, Lefebvre RC et al. Behavior
changes and the prevention of high blood pressure. Workshop Il. AHA Prevention
Conference lll. Behavior change and compliance: keys to improving cardiovascular
health. Circulation. 1993; 88(3):1387-90

Little P, Barnett J, Barnsley L, Marjoram J, Fitzgerald-Barron A, Mant D. Comparison
of agreement between different measures of blood pressure in primary care and
daytime ambulatory blood pressure. BMJ. 2002; 325(7358):254

Lovibond K, Jowett S, Barton P, Caulfield M, Heneghan C, Hobbs FR et al. Cost-
effectiveness of options for the diagnosis of high blood pressure in primary care: A
modelling study. The Lancet. 2011; 378(9798):1219-1230

Ma 'Y, Temprosa M, Fowler S, Prineas RJ, Montez MG, Brown-Friday J et al.
Evaluating the accuracy of an aneroid sphygmomanometer in a clinical trial setting.
American Journal of Hypertension. 2009; 22(3):263-6

MacDonald E, Froggatt P, Lawrence G, Blair S. Are automated blood pressure
monitors accurate enough to calculate the ankle brachial pressure index? Journal of
Clinical Monitoring and Computing. 2008; 22(5):381-4

Maestri R, Pinna GD, Robbi E, Capomolla S, La Rovere MT. Noninvasive
measurement of blood pressure variability: Accuracy of the Finometer monitor and
comparison with the Finapres device. Physiological Measurement. 2005; 26(6):1125-
1136

Mallion JJM, Pierre H, Neuder Y, Ormezzano O, Baguet JP. Validation of the AGILIS
ambulatory blood pressure monitor according to the European Society of

36



Hypertension in adults: Final
Diagnostic accuracy

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Hypertension International Protocol for Validation of Blood Pressure Measuring
Devices in Adults. Blood Pressure Monitoring. 2005; 10(2):97-101

Mandal AK, Miller WG, Saklayen MG, Markert RJ. Comparison of manual versus
automated blood pressure measurements in treated hypertensive patients. American
Journal of the Medical Sciences. 1997; 314(3):185-189

Mann S. Inaccuracy of electronic sphygmomanometers. Clinical and Experimental
Pharmacology and Physiology. 1992; 19(5):304-306

Mansoor GA, White WB. Self-measured home blood pressure in predicting
ambulatory hypertension. American Journal of Hypertension. 2004; 17(11 Pt 1):1017-
22

Mar J, Pastor R, Abasolo R, Ruiz de Gauna R. Ambulatory blood pressure monitoring
and diagnostic errors in hypertension: A Bayesian approach. Medical Decision
Making. 1998; 18(4):429-35

Masding MG, Jones JR, Bartley E, Sandeman DD. Assessment of blood pressure in
patients with Type 2 diabetes: Comparison between home blood pressure monitoring,
clinic blood pressure measurement and 24-h ambulatory blood pressure monitoring.
Diabetic Medicine. 2001; 18(6):431-7

Maseko MJ, Woodiwiss AJ, Majane OH, Molebatsi N, Norton GR. Marked
underestimation of blood pressure control with conventional vs. ambulatory
measurements in an urban, developing community of African ancestry. American
Journal of Hypertension. 2011; 24(7):789-95

Massierer D, Leiria LF, Severo MD, Ledur Pdos S, Becker AD, Aguiar FM et al. Blood
pressure variability and its association with echocardiographic parameters in
hypertensive diabetic patients. BMC Cardiovascular Disorders. 2016; 16:4

McCall WC, McCall VR. Diagnostic use of ambulary blood pressure monitoring in
medical practice. Journal of Family Practice. 1981; 13(1):25-30

McGowan N, Padfield PL. Self blood pressure monitoring: A worthy substitute for
ambulatory blood pressure? Journal of Human Hypertension. 2010; 24(12):801-6

Mejzner N, Clark CE, Smith LF, Campbell JL. Trends in the diagnosis and
management of hypertension: Repeated primary care survey in South West England.
British Journal of General Practice. 2017; 67(658):306-€313

Mengden T, Hubner R, Bramlage P. Office and ambulatory blood pressure control
with a fixed-dose combination of candesartan and hydrochlorothiazide in previously
uncontrolled hypertensive patients: Results of CHILI CU Soon. Vascular Health and
Risk Management. 2011; 7:761-9

Merrick RD, Olive KE, Hamdy RC, Landy C, Cancellaro V. Factors influencing the
accuracy of home blood pressure measurement. Southern Medical Journal. 1997;
90(11):1110-1114

Mesquita-Bastos J, Bertoquini S, Polonia J. Cardiovascular prognostic value of
ambulatory blood pressure monitoring in a Portuguese hypertensive population
followed up for 8.2 years. Blood Pressure Monitoring. 2010; 15(5):240-6

Modesti PA, Pieri F, Cecioni |, Valenti R, Mininni S, Toccafondi S et al. Comparison of
ambulatory blood pressure monitoring and conventional office measurement in the
workers of a chemical company. International Journal of Cardiology. 1994; 46(2):151-
7

37



Hypertension in adults: Final
Diagnostic accuracy

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Moller DS, Dideriksen A, Sorensen S, Madsen LD, Pedersen EB. Accuracy of
telemedical home blood pressure measurement in the diagnosis of hypertension.
Journal of Human Hypertension. 2003; 17(8):549-554

Mgller DS, Dideriksen A, Sagrensen S, Madsen LD, Pedersen EB. Tele-monitoring of
home blood pressure in treated hypertensive patients. Blood Pressure. 2003;
12(1):56-62

Morgado M, Rolo S, Castelo-Branco M. Pharmacist intervention program to enhance
hypertension control: A randomised controlled trial. International Journal of Clinical
Pharmacy. 2011; 33(1):132-140

Mourad A, Gillies A, Carney S. Inaccuracy of wrist-cuff oscillometric blood pressure
devices: An arm position artefact? Blood Pressure Monitoring. 2005; 10(2):67-71

Mueller UK, Wells M, Radevski I, Ouwerkerk J, Tager R, Sliwa K et al. Repeated
automated versus daytime ambulatory blood pressure measurement in mild,
moderate and severe untreated black hypertensive patients. Blood Pressure
Monitoring. 1997; 2(1):21-25

Mutlu S, Sari O, Arslan E, Aydogan U, Doganer YC, Koc B. Comparison of
ambulatory blood pressure measurement with home, office and pharmacy
measurements: |Is arterial blood pressure measured at pharmacy reliable? Journal of
Evaluation in Clinical Practice. 2016; 22(1):40-45

Myers MG, Godwin M, Dawes M, Kiss A, Tobe SW, Kaczorowski J. Conventional
versus automated measurement of blood pressure in the office (CAMBO) trial. Family
Practice. 2012; 29(4):376-382

Myers MG, Valdivieso M, Kiss A. Use of automated office blood pressure
measurement to reduce the white coat response. Journal of Hypertension. 2009;
27(2):280-286

Nascimento LR, Coelli AP, Cade NV, Mill JG, Molina Mdel C. Sensitivity and
specificity in the diagnosis of hypertension with different methods. Revista de Saude
Publica. 2011; 45(5):837-44

Nasothimiou EG, Tzamouranis D, Rarra V, Roussias LG, Stergiou GS. Diagnostic
accuracy of home vs. ambulatory blood pressure monitoring in untreated and treated
hypertension. Hypertension Research. 2012; 35(7):750-5

Nasothimiou EG, Tzamouranis D, Roussias LG, Stergiou GS. Home versus
ambulatory blood pressure monitoring in the diagnosis of clinic resistant and true
resistant hypertension. Journal of Human Hypertension. 2012; 26(12):696-700

Nasrolahi A, Ghanei E, Mehrparvar G. Accuracy of sphygmomanometers
measurements in two iranian tertiary educational hospitals. Shiraz E Medical Journal.
2013; 14(4):e16655

National Clinical Guideline Centre. Hypertension: the clinical managment of primary
hypertension in adults: update of clinical guidelines 18 and 34. NICE clinical guideline
127. London. National Clinical Guideline Centre, 2011. Available from:
http://guidance.nice.org.uk/CG127

National Institute for Health and Care Excellence. Developing NICE guidelines: the
manual. London. National Institute for Health and Care Excellence, 2014. Available
from:
http://www.nice.org.uk/article/PMG20/chapter/1%20Introduction%20and%20overview

38


http://guidance.nice.org.uk/CG127
http://www.nice.org.uk/article/PMG20/chapter/1%20Introduction%20and%20overview

Hypertension in adults: Final
Diagnostic accuracy

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Niiranen TJ, Hanninen MR, Johansson J, Reunanen A, Jula AM. Home-measured
blood pressure is a stronger predictor of cardiovascular risk than office blood
pressure: The Finn-Home study. Hypertension. 2010; 55(6):1346-51

Niiranen TJ, Kantola IM, Vesalainen R, Johansson J, Ruuska MJ. A comparison of
home measurement and ambulatory monitoring of blood pressure in the adjustment
of antihypertensive treatment. American Journal of Hypertension. 2006; 19(5):468-
474

Noguchi Y, Asayama K, Staessen JA, Inaba M, Ohkubo T, Hosaka M et al. Predictive
power of home blood pressure and clinic blood pressure in hypertensive patients with
impaired glucose metabolism and diabetes. Journal of Hypertension. 2013;
31(8):1593-602

Nolly H, Osso P, Nolly A, Silva M, Nolly M, Romero M. Self-measurement of blood
pressure: Validation of the Braun BP VitalScan Plus 1650 monitor according to the
European Society of Hypertension International Protocol. Blood Pressure Monitoring.
2008; 13(2):101-106

Nong-Libend C, Menanga AP, Kengne AP, Dehayem M, Sobngwi E, Kingue S. High
levels of discordance between office-based and ambulatory blood pressure
measurements for diagnosing optimal blood pressure control in high-risk diabetic
populations from a developing country. Diabetes and Metabolism. 2012; 38(3):271-2

Nunan D, Thompson M, Heneghan CJ, Perera R, McManus RJ, Ward A. Accuracy of
self-monitored blood pressure for diagnosing hypertension in primary care. Journal of
Hypertension. 2015; 33(4):755-62; discussion 762

Ogedegbe G, Chaplin W. A randomized controlled trial of the effect of home blood
pressure monitoring versus usual care on medication adherence in ambulatory
hypertensive patients. Journal of General Internal Medicine. 2005; 20(Suppl 1):60

Ogedegbe G, Pickering TG, Clemow L, Chaplin W, Spruill TM, Albanese GM et al.
The misdiagnosis of hypertension: The role of patient anxiety. Archives of Internal
Medicine. 2008; 168(22):2459-65

Ohkubo T, Imai Y, Tsuji I, Nagai K, Watanabe N, Minami N et al. Prediction of
mortality by ambulatory blood pressure monitoring versus screening blood pressure
measurements: a pilot study in Ohasama. Journal of Hypertension. 1997; 15(4):357-
64

Owens P, Atkins N, O'Brien E. Diagnosis of white coat hypertension by ambulatory
blood pressure monitoring. Hypertension. 1999; 34(2):267-272

Ozdemir FN, Guz G, Sezer S, Arat Z, Haberal M. Ambulatory blood pressure
monitoring in potential renal transplant donors. Nephrology Dialysis Transplantation.
2000; 15(7):1038-40

Padwal RS, Townsend RR, Trudeau L, Hamilton PG, Gelfer M. Comparison of an in-
pharmacy automated blood pressure kiosk to daytime ambulatory blood pressure in
hypertensive subjects. Journal of the American Society of Hypertension. 2015;
9(2):123-9

Palatini P, Julius S, Collatina S, Rappelli S, Staessen J, Pessina AC. Optimizing the
assessment of the elderly patient with borderline hypertension: the Hypertension and
Ambulatory Recording in the OLD (HAROLD) study. Aging-Clinical & Experimental
Research. 1997; 9(5):365-71

Pang TC, Brown MA. Accuracy of ambulatory blood pressure monitors in routine
clinical practice. American Journal of Hypertension. 2006; 19(8):801-9

39



Hypertension in adults: Final
Diagnostic accuracy

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Park JS, Rhee MY, Namgung J, Lee SY, Cho DK, Choi TY et al. Comparison of
optimal diagnostic thresholds of hypertension with home blood pressure monitoring
and 24-hour ambulatory blood pressure monitoring. American Journal of
Hypertension. 2017; 30(12):1170-1176

Patino S, Toro JM, Jaramillo C, Garcia H, Giraldo M. Correlation between the blood
pressure measurement in office and ambulatory monitoring in hypertensive patients
in Medellin, Colombia. Revista Colombiana de Cardiologia. 2013; 20(4):190-197

Pessanha P, Viana M, Ferreira P, Bertoquini S, Polonia J. Diagnostic value and cost-
benefit analysis of 24 hours ambulatory blood pressure monitoring in primary care in
Portugal. BMC Cardiovascular Disorders. 2013; 13:57

Pierin AM, Ignez EC, Jacob Filho W, Barbato AJ, Mion Jr D. Blood pressure
measurements taken by patients are similar to home and ambulatory blood pressure
measurements. Clinics (Sao Paulo, Brazil). 2008; 63(1):43-50

Rajzer M, Brzozowska-Kiszka M, Bilo G, Wojciechowska W, Kawecka-Jaszcz K.
Effect of telemonitoring of blood pressure in patients with hypertension. Nadcisnienie
Tetnicze. 2007; 11(4):318-327

Reino-Gonzalez S, Pita-Fernandez S, Cibiriain-Sola M, Seoane-Pillado T, Lopez-
Calvino B, Pertega-Diaz S. Validity of clinic blood pressure compared to ambulatory
monitoring in hypertensive patients in a primary care setting. Blood Pressure. 2015;
24(2):111-8

Reino-Gonzalez S, Pita-Fernandez S, Seoane-Pillado T, Lopez-Calvino B, Pertega
Diaz S. How in-office and ambulatory BP monitoring compare: A systematic review
and meta-analysis. Journal of Family Practice. 2017; 66(1):E5-E12

Ringrose JS, Cena J, Ip S, Morales F, Hamilton P, Padwal R. Comparability of
automated office blood pressure to daytime 24-hour ambulatory blood pressure.
Canadian Journal of Cardiology. 2018; 34(1):61-65

Ringrose JS, Polley G, McLean D, Thompson A, Morales F, Padwal R. An
Assessment of the Accuracy of Home Blood Pressure Monitors When Used in Device
Owners. American Journal of Hypertension. 2017; 30(7):683-689

Rodrigues CS, Bloch KV, da Rocha Nogueira A. Office blood pressure and 24-hour
ambulatory blood pressure measurements: High proportion of disagreement in
resistant hypertension. Journal of Clinical Epidemiology. 2009; 62(7):745-51

Rutan GH, McDonald RH, Kuller LH. Comparison of ambulatory and clinic blood
pressure and heart rate in older persons with isolated systolic hypertension. American
Journal of Hypertension. 1992; 5(12 Pt 1):880-6

Sabater-Hernandez D, De La Sierra A, Sanchez-Villegas P, Santana-Perez FM,
Merino-Barber L, Faus MJ. Agreement between community pharmacy and
ambulatory and home blood pressure measurement methods to assess the
effectiveness of antihypertensive treatment: The MEPAFAR Study. Journal of Clinical
Hypertension. 2012; 14(4):236-244

Sakuma M, Imai Y, Tsuji I, Nagai K, Ohkubo T, Watanabe N et al. Predictive value of
home blood pressure measurement in relation to stroke morbidity: a population-based
pilot study in Ohasama, Japan. Hypertension Research - Clinical and Experimental.
1997; 20(3):167-74

Salazar MR, Espeche WG, Stavile RN, Balbin E, Leiva Sisnieguez BC, Leiva
Sisnieguez CE et al. Could self-measured office blood pressure be a hypertension

40



Hypertension in adults: Final
Diagnostic accuracy

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

screening tool for limited-resources settings? Journal of Human Hypertension. 2018;
32(6):415-422

Santamore WP, Homko CJ, Kashem A, McConnell TR, Menapace FJ, Bove AA.
Accuracy of blood pressure measurements transmitted through a telemedicine
system in underserved populations. Telemedicine Journal and e-Health. 2008;
14(4):333-338

Schillaci G, Verdecchia P, Porcellati C, Cuccurullo O, Cosco C, Perticone F.
Continuous relation between left ventricular mass and cardiovascular risk in essential
hypertension. Hypertension. 2000; 35(2):580-6

Schwartz JE, Burg MM, Shimbo D, Broderick JE, Stone AA, Ishikawa J et al. Clinic
blood pressure underestimates ambulatory blood pressure in an untreated employer-
based us population: Results from the masked hypertension study. Circulation. 2016;
134(23):1794-1807

Scisney-Matlock M, Grand A, Steigerwalt SP, Normolle D. Reliability and
reproducibility of clinic and home blood pressure measurements in hypertensive
women according to age and ethnicity. Blood Pressure Monitoring. 2009; 14(2):49-57

Selenta C, Hogan BE, Linden W. How often do office blood pressure measurements
fail to identify true hypertension? An exploration of white-coat normotension. Archives
of Family Medicine. 2000; 9(6):533-40

Shimbo D, Kuruvilla S, Haas D, Pickering TG, Schwartz JE, Gerin W. Preventing
misdiagnosis of ambulatory hypertension: Algorithm using office and home blood
pressures. Journal of Hypertension. 2009; 27(9):1775-83

Song HS, Jun TG, Choi EJ, Kim MJ. Accuracy comparison of blood pressure among
the direct measurement method and two automatic indirect measurement methods in
the patients with various blood pressure. Journal of korean academy of fundamental
nursing. 2001; 8(3):366-378

Souza WK, Jardim PC, Porto LB, Araujo FA, Sousa AL, Salgado CM. Comparison
and correlation between self-measured blood pressure, casual blood pressure
measurement and ambulatory blood pressure monitoring. Arquivos Brasileiros de
Cardiologia. 2011; 97(2):148-55

Staessen JA, Thijs L, Fagard R, O'Brien ET, Clement D, Leeuw PW et al. Predicting
cardiovascular risk using conventional vs ambulatory blood pressure in older patients
with systolic hypertension. Systolic Hypertension in Europe Trial Investigators. JAMA.
1999; 282(6):539-546

Stephan D, Welsch M, Barthelmebs M, Imbs JL. Ambulatory or single measurement
of blood pressure: Comparison in a controlled trial in patients with hypertension.
Annales de Cardiologie et d'Angeiologie. 1993; 42(1):45-49

Stergiou GS, Baibas NM, Kalogeropoulos PG. Cardiovascular risk prediction based
on home blood pressure measurement: the Didima study. Journal of Hypertension.
2007; 25(8):1590-6

Stergiou GS, Nasothimiou EG, Tzamouranis D, Rarra V, Roussias LG. Diagnostic
accuracy of home vs ambulatory blood pressure monitoring. Journal of Clinical
Hypertension. 2011; 13(Suppl 1):A137

Stergiou GS, Salgami EV, Tzamouranis DG, Roussias LG. Masked hypertension
assessed by ambulatory blood pressure versus home blood pressure monitoring: Is it
the same phenomenon? American Journal of Hypertension. 2005; 18(6):772-8

41



Hypertension in adults: Final
Diagnostic accuracy

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Stergiou GS, Skeva, I, Baibas NM, Kalkana CB, Roussias LG, Mountokalakis TD.
Diagnosis of hypertension using home or ambulatory blood pressure monitoring:
Comparison with the conventional strategy based on repeated clinic blood pressure
measurements. Journal of Hypertension. 2000; 18(12):1745-51

Stergiou GS, Voutsa AV, Achimastos AD, Mountokalakis TD. Home self-monitoring of
blood pressure: Is fully automated oscillometric technique as good as conventional
stethoscopic technique? American Journal of Hypertension. 1997; 10(4 Pt 1):428-433

Stergiou GS, Zourbaki AS, Skeva, Il, Mountokalakis TD. White coat effect detected
using self-monitoring of blood pressure at home: Comparison with ambulatory blood
pressure. American Journal of Hypertension. 1998; 11(7):820-827

Thomas SJ, Booth JN, Bromfield SG, Seals SR, Spruill TM, Ogedegbe G et al. Clinic
and ambulatory blood pressure in a population-based sample of African Americans:
The Jackson Heart Study. Journal of the American Society of Hypertension. 2017;
11(4):204-212

Tian H, Zeng S, Zhong X, Gong W, Liu W. Validation of Transtek blood pressure
monitor TMB-1491 for self-measurement according to the European Society of
Hypertension International Protocol revision 2010. Blood Pressure Monitoring. 2015;
20(5):280-282

Tochikubo O, Nishijima K, Ohshige K, Kimura K. Accuracy and applicability of the
Terumo ES-H55 double-cuff sphygmomanometer for hospital use. Blood Pressure
Monitoring. 2003; 8(5):203-209

Tomiyama H, Ohkuma T, Ninomiya T, Mastumoto C, Kario K, Hoshide S et al.
Simultaneously measured interarm blood pressure difference and stroke: An
individual participants data meta-analysis. Hypertension. 2018; 71(6):1030-1038

Trudel X, Brisson C, Larocque B, Milot A. Masked hypertension: Different blood
pressure measurement methodology and risk factors in a working population. Journal
of Hypertension. 2009; 27(8):1560-7

Uen S, Weisser B, Wieneke P, Vetter H, Mengden T. Evaluation of the performance
of a wrist blood pressure measuring device with a position sensor compared to
ambulatory 24-hour blood pressure measurements. American Journal of
Hypertension. 2002; 15(9):787-792

Ungar A, Pepe G, Monami M, Lambertucci L, Torrini M, Baldasseroni S et al. Isolated
ambulatory hypertension is common in outpatients referred to a hypertension centre.
Journal of Human Hypertension. 2004; 18(12):897-903

Verdecchia P, Reboldi G, Porcellati C, Schillaci G, Pede S, Bentivoglio M et al. Risk
of cardiovascular disease in relation to achieved office and ambulatory blood
pressure control in treated hypertensive subjects. Journal of the American College of
Cardiology. 2002; 39(5):878-85

Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Pede S, Porcellati C. Ambulatory
pulse pressure: a potent predictor of total cardiovascular risk in hypertension.
Hypertension. 1998; 32(6):983-8

Verdecchia P, Schillaci G, Borgioni C, Ciucci A, Porcellati C. Prognostic significance
of the white coat effect. Hypertension. 1997; 29(6):1218-1224

Walma EP, Dooren C, Does E, Prins A, Mulder P, Hoes AW. Accuracy of an
oscillometric automatic blood pressure device: The Omron HEM403C. Journal of
Human Hypertension. 1995; 9(3):169-174

42



Hypertension in adults: Final
Diagnostic accuracy

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Warren RE, Marshall T, Padfield PL, Chrubasik S. Variability of office, 24-hour
ambulatory, and self-monitored blood pressure measurements. British Journal of
General Practice. 2010; 60(578):675-80

Watson S, Wenzel RR, Matteo C, Meier B, Luscher TF. Accuracy of a new wrist cuff
oscillometric blood pressure device: Comparisons with intraarterial and mercury
manometer measurements. American Journal of Hypertension. 1998; 11(12):1469-
1474

Weber MA, Drayer JIM, Brewer DD. Automated blood-pressure measurements in the
diagnosis of mild hypertension. Journal of Cardiopulmonary Rehabilitation. 1986;
6(4):125-130

Wing LMH, Chowdhury EK, Reid CM, Beilin LJ, Brown MA, Anbp Management
Committee. Night-time ambulatory blood pressure is the best pretreatment blood
pressure predictor of 11-year mortality in treated older hypertensives. Blood Pressure
Monitoring. 2018; 23(5):237-243

Wittenberg C, Erman A, Sulkes J, Abramson E, Boner G. Which cuff size is
preferable for blood pressure monitoring in most hypertensive patients? Journal of
Human Hypertension. 1994; 8(11):819-822

Yan IR, Poon CCY, Zhang YT. Evaluation scale to assess the accuracy of cuff-less
blood pressure measuring devices. Blood Pressure Monitoring. 2009; 14(6):257-267

Yang Y, Xu JZ, Wang Y, Gao PJ. Ambulatory versus clinic blood pressure in
predicting overall subclinical target organ damage progression in essential
hypertensive patients: A 3-year follow-up study. Blood Pressure Monitoring. 2016;
21(6):319-326

Zabludowski JR, Rosenfeld JB. Evaluation of clinic blood pressure measurements:
Assessment by daytime ambulatory blood pressure monitoring. Israel Journal of
Medical Sciences. 1992; 28(6):345-8

Zhuo S, Wen W, Li-Yuan M, Shu-Yu W, Yi-Xin W. Home blood pressure
measurement in prehypertension and untreated hypertension: Comparison with
ambulatory blood pressure monitoring and office blood pressure. Blood Pressure
Monitoring. 2009; 14(6):245-50

Zillich AJ, Sutherland JM, Kumbera PA, Carter BL. Hypertension outcomes through
blood pressure monitoring and evaluation by pharmacists (HOME study). Journal of
General Internal Medicine. 2005; 20(12):1091-1096

43



Hypertension in adults: Final
Diagnostic accuracy

Appendices

Appendix A: Review protocols

Table 9: Review protocol: diagnostic effectiveness

Field
Review question

Type of review question

Objective of the review

Eligibility criteria —
population / disease /
condition / issue / domain

Eligibility criteria —
intervention(s) /
exposure(s) / prognostic
factor(s)

Eligibility criteria —
comparator(s) / control or
reference (gold) standard

Outcomes and
prioritisation

Content

In adults with suspected primary hypertension, what is the best method
of measuring blood pressure (home, ambulatory or clinic measurement)
to establish the diagnosis and prevent cardiovascular events?

Diagnostic RCT review

A review of health economic evidence related to the same review
question was conducted in parallel with this review. For details, see the
health economic review protocol for this NICE guideline.

To investigate the impact of different tests used to diagnose
hypertension on patient outcomes.

Population: Adults (over 18 years) with suspected primary
hypertension*

*also including people previously diagnosed with hypertension not on
antihypertensive treatment (minimum washout 4 weeks)

Different methods of measuring blood pressure followed by appropriate
treatment* based on the blood pressure measurement (test plus
treatment):

¢ HBPM without telemonitoring
¢ HBPM with telemonitoring

e ABPM

e CBPM

e Pharmacy measurement

Stratify results by:
e Upper arm cuff
o Wrist cuff

e Non cuff

*To note that studies will be included when the treatment strategy is the
same in all arms

Each other

Assess at 2 12 months (latest endpoint)
Critical

o All-cause mortality

o Health-related quality of life

o Stroke (ischaemic or haemorrhagic)

e Myocardial infarction

Important

¢ Heart failure needing hospitalisation

e Vascular procedures (including both coronary and carotid artery
procedures)

e Angina needing hospitalisation

44



Hypertension in adults: Final

Diagnostic accuracy

Eligibility criteria — study
design

Other inclusion exclusion
criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Information sources —
databases and dates

Identify if an update
Author contacts

Highlight if amendment to
previous protocol

Search strategy — for 1
database

Data collection process —
forms / duplicate

Data items — define all
variables to be collected

e Side effect 1: intolerance to device

e [Combined cardiovascular disease outcomes in the absence of Ml
and stroke data]

e [Coronary heart disease outcome in the absence of Ml data]
RCTs and SRs

Minimum follow up time: 1 year

Exclusions:

¢ Studies including participants with type 1 diabetes or chronic kidney
disease (A3 or above [heavy proteinuria]). For the Type 2 diabetes
strata: studies including participants with chronic kidney disease (A2
or above [heavy proteinuria])

¢ Indirect populations with secondary causes of hypertension such as
tumours or structural vascular defects (Conn’s adenoma,
phaeochromocytoma, renovascular hypertension)

¢ Pregnant women

e Crossover trials

o Children (< 18 years)

¢ Studies where more than 5% of the population have atrial fibrillation
Subgroups for analysis of heterogeneity:

e Age (75 as a cut off)*

e Presence or absence of type 2 Diabetes

e Family origin (African and Caribbean, White, South Asian)

o ABPM daytime versus 24 hour (12 hour versus 24 hour)

o Number of measurements taken (under 3 versus over 3)

*To note that we will also extract evidence in those >80 years old if this
evidence is reported separately.

A senior research fellow will undertake quality assurance prior to
completion.

Pairwise meta-analyses will be performed using Cochrane Review
Manager (RevManb5).

GRADEpro will be used to assess the quality of evidence for each
outcome.

Endnote will be used for bibliography, citations, sifting and reference
management.

Medline, Embase, the Cochrane Library
Date cut off: 2000

Language: Restrict to English only

Yes, 2011
https://www.nice.org.uk/guidance/cg127

For details, please see section 4.5 of Developing NICE guidelines: the
manual.

For details, please see appendix B

A standardised evidence table format will be used, and published as
appendix D of the evidence report.

For details, please see evidence tables in appendix D (clinical evidence
tables) or H (health economic evidence tables).

45


https://www.nice.org.uk/guidance/cg127
https://www.nice.org.uk/article/pmg20/chapter/4-Developing-review-questions-and-planning-the-evidence-review#planning-the-evidence-review
https://www.nice.org.uk/article/pmg20/chapter/4-Developing-review-questions-and-planning-the-evidence-review#planning-the-evidence-review

Hypertension in adults: Final

Diagnostic accuracy

Methods for assessing
bias at outcome / study
level

Criteria for quantitative
synthesis

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment —
publication bias, selective
reporting bias

Confidence in cumulative
evidence

Rationale / context —
what is known

Describe contributions of
authors and guarantor

Sources of funding /
support
Name of sponsor

Roles of sponsor

PROSPERO registration
number

Field

Review question

Type of review question

Objective of the review

Standard study checklists were used to appraise individual studies
critically. For details, please see section 6.2 of Developing NICE
guidelines: the manual

The risk of bias across all available evidence was evaluated for each
outcome using an adaptation of the ‘Grading of Recommendations
Assessment, Development and Evaluation (GRADE) toolbox’
developed by the international GRADE working group
http://www.gradeworkinggroup.org/

For details, please see section 6.4 of Developing NICE guidelines: the
manual.

For details, please see the separate Methods report for this guideline.

For details, please see section 6.2 of Developing NICE guidelines: the
manual.

For details, please see sections 6.4 and 9.1 of Developing NICE
guidelines: the manual.

For details, please see the introduction to the evidence review.

A multidisciplinary committee developed the evidence review. The
committee was convened by the National Guideline Centre (NGC) and
chaired by Anthony Wierzbicki in line with section 3 of Developing NICE
guidelines: the manual.

Staff from the NGC undertook systematic literature searches, appraised
the evidence, conducted meta-analysis and cost-effectiveness analysis
where appropriate, and drafted the evidence review in collaboration
with the committee. For details, please see Developing NICE
guidelines: the manual.

The NGC is funded by NICE and hosted by the Royal College of
Physicians.

The NGC is funded by NICE and hosted by the Royal College of
Physicians.

NICE funds the NGC to develop guidelines for those working in the
NHS, public health and social care in England.

Not registered

Table 10: Review protocol: Diagnostic accuracy

Content

In adults with suspected primary hypertension, what is the best method
of measuring blood pressure (home, ambulatory or clinic
measurement) to establish the diagnosis and prevent cardiovascular
events?

Diagnostic accuracy review

A review of health economic evidence related to the same review
question was conducted in parallel with this review. For details, see the
health economic review protocol for this NICE guideline.

To evaluate the accuracy of different diagnostic test strategies for
diagnosing hypertension compared to the reference standard of
ambulatory blood pressure measurement.
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Eligibility criteria —
population / disease /
condition / issue / domain

Eligibility criteria —
intervention(s) /
exposure(s) / prognostic
factor(s)

Eligibility criteria —
comparator(s) / control or
reference (gold) standard

Outcomes and
prioritisation

Eligibility criteria — study
design

Other inclusion exclusion
criteria

Proposed sensitivity /
subgroup analysis, or
meta-regression

Population: Adults (over 18 years) with suspected primary
hypertension*

*Note that studies will be included if participants have already
diagnosed with hypertension but not on antihypertensive medication
(minimum washout 4 weeks).

o HBPM without telemonitoring

o HBPM with telemonitoring

¢ Clinic or office measurement (CBPM)

e Pharmacy measurement

Stratify interventions by:

o Cuff upper arm measurement

o Cuff wrist measurement

e Non cuff

Ambulatory blood pressure measurement (daytime or 24 hour)

Diagnostic accuracy outcomes

Critical

o Sensitivity

o Specificity

o Raw data to calculate 2x2 tables to calculate sensitivity and
specificity

Important

e Area under the curve

o Likelihood ratios

¢ Predictive values

Cross-sectional studies, diagnostic accuracy observational cohort
studies, SRs of observational cohort

Exclusions:

o Studies that do not report sensitivity and specificity data, and there is
insufficient data for these to be derived

o Studies including participants with type 1 diabetes or chronic kidney
disease (A3 or above [heavy proteinuria]). For the Type 2 diabetes
strata: studies including participants with chronic kidney disease (A2
or above [heavy proteinuria])

¢ Indirect populations with secondary causes of hypertension such as
tumours or structural vascular defects (Conn’s adenoma,
phaeochromocytoma, renovascular hypertension)

e Pregnant women

e Children (< 18 years)

o Studies with a population of inpatients

¢ Studies where more than 5% of the population have atrial fibrillation
Subgroup analysis for heterogeneity:

e Age (above and below 75 years)*

e Presence or absence of type 2 diabetes

o Family origin (African and Caribbean, White, South Asian)

o ABPM daytime versus 24 hour (12 hour versus 24 hour)

o Number of measurements taken (under 3 versus over 3)
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Selection process —
duplicate screening /
selection / analysis

Data management
(software)

Information sources —
databases and dates

Identify if an update
Author contacts

Highlight if amendment to
previous protocol

Search strategy — for 1
database

Data collection process —
forms / duplicate

Data items — define all
variables to be collected

Methods for assessing
bias at outcome / study
level

Criteria for quantitative
synthesis

Methods for quantitative
analysis — combining
studies and exploring
(in)consistency

Meta-bias assessment —
publication bias, selective
reporting bias
Confidence in cumulative
evidence

Rationale / context — what
is known

Describe contributions of
authors and guarantor

*Note that evidence in those >80 years old will also be separated in the
subgroup analysis if this evidence is reported separately

A senior research fellow will undertake quality assurance prior to
completion.

Sensitivity and specificity plots will be presented using Cochrane
Review Manager (RevMan5).

Diagnostic meta-analysis will be undertaken where appropriate (3 or
more studies presenting data for the same test at the threshold) using
WinBUGS package.

Endnote will be used for bibliography, citations, sifting and reference
management.

Medline, Embase, the Cochrane Library

Date cut off: 2000 (to exclude papers published before 2000)
Language: Restrict to English only

Key paper: http://www.bmj.com/content/342/bm;j.d3621

Yes, 2011
https://www.nice.org.uk/guidance/cg127

For details, please see section 4.5 of Developing NICE guidelines: the
manual.

For details, please see appendix B

A standardised evidence table format will be used and published as
appendix D of the evidence report.

For details, please see evidence tables in Appendix D (clinical
evidence tables) or G (health economic evidence tables).

Standard study checklists were used to appraise individual studies
critically. For details, please see section 6.2 of Developing NICE
guidelines: the manual

The risk of bias across all available evidence was evaluated for each
outcome using an adaptation of the ‘Grading of Recommendations
Assessment, Development and Evaluation (GRADE) toolbox’
developed by the international GRADE working group
http://www.gradeworkinggroup.org/

For details, please see section 6.4 of Developing NICE guidelines: the
manual.

For details, please see the separate Methods report for this guideline.

For details, please see section 6.2 of Developing NICE guidelines: the
manual.

For details, please see sections 6.4 and 9.1 of Developing NICE
guidelines: the manual.

For details, please see the introduction to the evidence review.

A multidisciplinary committee developed the evidence review. The
committee was convened by the National Guideline Centre (NGC) and
chaired by Anthony Wierzbicki in line with section 3 of Developing
NICE guidelines: the manual.

Staff from the NGC undertook systematic literature searches,
appraised the evidence, conducted meta-analysis and cost-
effectiveness analysis where appropriate, and drafted the evidence
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review in collaboration with the committee. For details, please see
Developing NICE guidelines: the manual.

Sources of funding / The NGC is funded by NICE and hosted by the Royal College of

support Physicians.

Name of sponsor The NGC is funded by NICE and hosted by the Royal College of
Physicians.

Roles of sponsor NICE funds the NGC to develop guidelines for those working in the

NHS, public health and social care in England.

PROSPERQO registration Registered: CRD42018089451

number

Table 11: Health economic review protocol

Review
question

Objectives

Search
criteria

Search
strategy

Review
strategy

All questions — health economic evidence

To identify health economic studies relevant to any of the review questions.

e Populations, interventions and comparators must be as specified in the clinical
review protocol above.

¢ Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—consequences analysis,
comparative cost analysis).

e Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

e Unpublished reports will not be considered unless submitted as part of a call for
evidence.

e Studies must be in English.

A health economic study search will be undertaken using population-specific terms
and a health economic study filter — see appendix B below. No date cut-off from the
previous guideline was used.

Studies not meeting any of the search criteria above will be excluded. Studies
published before 2002, abstract-only studies and studies from non-OECD countries
or the US will also be excluded.

Studies published after 2002 that were included in the previous guideline(s) will be
reassessed for inclusion and may be included or selectively excluded based on their
relevance to the questions covered in this update and whether more applicable
evidence is identified.

Each remaining study will be assessed for applicability and methodological limitations

using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).

Inclusion and exclusion criteria

e If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’, then it will
be included in the guideline. A health economic evidence table will be completed
and it will be included in the health economic evidence profile.

e If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’, then it
will usually be excluded from the guideline. If it is excluded then a health economic
evidence table will not be completed and it will not be included in the health
economic evidence profile.

e If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both, then there is discretion over whether it should be included.

Where there is discretion
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The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to exclude selectively the remaining studies. All studies
excluded based on applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.

The health economist will be guided by the following hierarchies.
Setting:
e UK NHS (most applicable).

e OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).

e OECD countries with predominantly private health insurance systems (for example,
Switzerland).

o Studies set in non-OECD countries or in the US will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

¢ Cost—utility analysis (most applicable).

e Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

e Comparative cost analysis.

e Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:
e The more recent the study, the more applicable it will be.

e Studies published in 2002 or later (including any such studies included in the
previous guideline[s]) but that depend on unit costs and resource data entirely or
predominantly before 2002 will be rated as ‘Not applicable’.

e Studies published before 2002 (including any such studies included in the previous
guideline[s]) will be excluded before being assessed for applicability and
methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review, the
more useful the analysis will be for decision-making in the guideline.

e Generally, economic evaluations based on excludes from the clinical review will be
excluded.

Appendix B: Literature search strategies

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual 2014, updated 2017

For more detailed information, please see the Methodology Review.

Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies for interventions as these concepts may not be well
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described in title, abstract or indexes and therefore difficult to retrieve. Search filters were

applied to the search where appropriate.

Table 12: Database date parameters and filters used

Database Dates searched
Medline (OVID) 1946-02 October 2018
Embase (OVID) 1974—-02 October 2018

Search filter used
Exclusions

Randomised controlled trials
Systematic review studies
Observational studies
Diagnostic tests studies
Exclusions

Randomised controlled trials
Systematic review studies
Observational studies
Diagnostic tests studies
Prognostic studies
Qualitative studies

The Cochrane Library (Wiley) Cochrane Reviews to Issue 8 None
of 12, August 2018
CENTRAL to Issue 7 of 12,
July 2018
DARE and NHSEED to Issue 2
of 4, April 2015
HTA to Issue 4 of 4, October
2016
Table 13: Medline (Ovid) search terms
1. exp Hypertension/
hypertens*.ti,ab.
3 (elevat* adj2 blood adj pressur*).ti,ab.
4. (high adj blood adj pressur*).ti,ab.
5. (increase* adj2 blood pressur*).ti,ab.
6 ((systolic or diastolic or arterial) adj2 pressur®).ti,ab.
7 or/1-6
8 exp pregnancy/
9. exp Hypertension, Pregnancy-Induced/ not exp Hypertension/
10. (pre eclampsia or pre-eclampsia or preeclampsia).ti,ab.
11. exp Hypertension, Portal/ not exp Hypertension/
12. exp Hypertension, Pulmonary/ not exp Hypertension/
13. exp Intracranial Hypertension/ not exp Hypertension/
14. exp Ocular Hypertension/ not exp Hypertension/
15. exp Diabetes Mellitus, Type 1/ not exp Diabetes Mellitus, Type 2/
16. or/8-15
17. 7 not 16
18. letter/
19. editorial/
20. news/
21. exp historical article/
22. Anecdotes as Topic/
23. comment/
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24. case report/

25. (letter or comment*).1i.

26. or/18-25

27. randomized controlled trial/ or random™*.ti,ab.

28. 26 not 27

29. animals/ not humans/

30. exp Animals, Laboratory/

31. exp Animal Experimentation/

32. exp Models, Animal/

33. exp Rodentia/

34. (rat or rats or mouse or mice).ti.

35. or/28-34

36. 17 not 35

37. (exp child/ or exp pediatrics/ or exp infant/) not (exp adolescent/ or exp adult/ or exp
middle age/ or exp aged/)

38. 36 not 37

39. limit 38 to English language

40. exp Blood Pressure Determination/

41. Blood Pressure Monitoring, Ambulatory/

42. ((ambulatory or home or self or office or clinic or surgery or pharmac* or telemonitor* or
daytime or 12 hour or 24 hour or continuous) adj3 (blood pressure* or BP)).ti,ab.

43. (ABPM or HBPM).ti,ab.

44. Blood Pressure Monitors/

45. exp Sphygmomanometers/

46. ((blood pressure or BP) adj3 (monitor* or meter* or device*)).ti,ab.

47. ((@arm* or wrist* or cuff or non cuff or automatic or electronic or digital or wireless or
remote) adj3 (monitor* or meter* or measur*)).ti,ab.

48. sphygmomanometer*.ti,ab.

49. or/40-47

50. 39 and 49

51. randomized controlled trial.pt.

52. controlled clinical trial.pt.

53. randomi#ed.ti,ab.

54. placebo.ab.

55. randomly.ti,ab.

56. Clinical Trials as topic.sh.

57. trial.ti.

58. or/51-57

59. Meta-Analysis/

60. exp Meta-Analysis as Topic/

61. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

62. ((systematic* or evidence™®) adj3 (review* or overview®)).ti,ab.

63. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

64. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

65. (search* adj4 literature).ab.
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66. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

67. cochrane.jw.

68. ((multiple treatment™ or indirect or mixed) adj2 comparison®).ti,ab.

69. or/59-68

70. Epidemiologic studies/

71. Observational study/

72. exp Cohort studies/

73. (cohort adj (study or studies or analys* or data)).ti,ab.

74. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

75. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys™ or cohort* or data)).ti,ab.

76. Controlled Before-After Studies/

77. Historically Controlled Study/

78. Interrupted Time Series Analysis/

79. (before adj2 after adj2 (study or studies or data)).ti,ab.

80. or/70-79

81. exp case control study/

82. case control*.ti,ab.

83. or/81-82

84. 80 or 83

85. Cross-sectional studies/

86. (cross sectional and (study or studies or review or analys*® or cohort* or data)).ti,ab.

87. or/85-86

88. 80 or 87

89. 80 or 83 or 87

90. exp "sensitivity and specificity"/

91. (sensitivity or specificity).ti,ab.

92. ((pre test or pretest or post test) adj probability).ti,ab.

93. (predictive value* or PPV or NPV).ti,ab.

94. likelihood ratio*.ti,ab.

95. likelihood function/

96. ((area under adj4 curve) or AUC).ti,ab.

97. (receive™ operat* characteristic* or receive* operat* curve* or ROC curve*).ti,ab.

98. (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or
effectiveness)).ti,ab.

99. gold standard.ab.

100. or/90-99

101. comparative study.pt.

102. 50 and (58 or 69 or 89 or 100) or (50 and 101)

Table 14: Embase (Ovid) search terms

1. exp Hypertension/

2. hypertens*.ti,ab.

3. (elevat* adj2 blood adj pressur*).ti,ab.

4. (high adj blood adj pressur*).ti,ab.

5. (increase* adj2 blood pressur*).ti,ab.
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6. ((systolic or diastolic or arterial) adj2 pressur*).ti,ab.

7. or/1-6

8. exp pregnancy/

9. exp Maternal Hypertension/

10. (pre eclampsia or pre-eclampsia or preeclampsia).ti,ab.

11. exp Hypertension, Portal/ not exp Hypertension/

12. exp Hypertension, Pulmonary/ not exp Hypertension/

13. exp Intracranial Hypertension/

14. exp Ocular Hypertension/ not exp Hypertension/

15. exp Diabetes Mellitus, Type 1/ not exp Diabetes Mellitus, Type 2/

16. or/8-15

17. 7 not 16

18. letter.pt. or letter/

19. note.pt.

20. editorial.pt.

21. case report/ or case study/

22. (letter or comment™).ti.

23. or/18-22

24. randomized controlled trial/ or random™.ti,ab.

25. 23 not 24

26. animal/ not human/

27. nonhuman/

28. exp Animal Experiment/

29. exp Experimental Animal/

30. animal model/

31. exp Rodent/

32. (rat or rats or mouse or mice).ti.

33. or/25-32

34. 17 not 33

35. (exp child/ or exp pediatrics/) not (exp adult/ or exp adolescent/)

36. 34 not 35

37. limit 36 to English language

38. blood pressure measurement/

39. *blood pressure monitoring/

40. ((ambulatory or home or self or office or clinic or surgery or pharmac* or telemonitor* or
daytime or 12 hour or 24 hour or continuous) adj3 (blood pressure* or BP)).ti,ab.

41. (ABPM or HBPM).ti,ab.

42. exp blood pressure monitor/

43. exp blood pressure meter/

44. exp Sphygmomanometer/

45. ((blood pressure or BP) adj3 (monitor* or meter* or device*)).ti,ab.

46. ((blood pressure or BP) adj measur*).ti,ab.

47. ((arm™ or wrist* or cuff or non cuff or automatic or electronic or digital or wireless or
remote) adj3 (monitor* or meter* or measur*)).ti,ab.

48. sphygmomanometer*.ti,ab.

49. or/38-47

50. 37 and 49

51. random™.ti,ab.
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52. factorial*.ti,ab.

53. (crossover* or cross over*).ti,ab.

54. ((doubl* or singl*) adj blind*).ti,ab.

55. (assign* or allocat* or volunteer* or placebo*).ti,ab.

56. crossover procedure/

57. single blind procedure/

58. randomized controlled trial/

59. double blind procedure/

60. or/51-59

61. systematic review/

62. meta-analysis/

63. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

64. ((systematic* or evidence™®) adj3 (review* or overview*)).ti,ab.

65. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

66. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

67. (search* adj4 literature).ab.

68. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

69. cochrane.jw.

70. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

71. or/61-70

72. Clinical study/

73. Observational study/

74. family study/

75. longitudinal study/

76. retrospective study/

77. prospective study/

78. cohort analysis/

79. follow-up/

80. cohort*.ti,ab.

81. 79 and 80

82. (cohort adj (study or studies or analys* or data)).ti,ab.

83. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

84. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys™ or cohort* or data)).ti,ab.

85. (before adj2 after adj2 (study or studies or data)).ti,ab.

86. or/72-78,81-85

87. exp case control study/

88. case control*.ti,ab.

89. or/87-88

90. 86 or 89

91. cross-sectional study/

92. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

93. or/91-92

94. 86 or 93
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95. 86 or 89 or 93

96. exp "sensitivity and specificity"/

97. (sensitivity or specificity).ti,ab.

98. ((pre test or pretest or post test) adj probability).ti,ab.

99. (predictive value* or PPV or NPV).ti,ab.

100. likelihood ratio*.ti,ab.

101. ((area under adj4 curve) or AUC).ti,ab.

102. (receive* operat* characteristic* or receive* operat* curve* or ROC curve*).ti,ab.

103. (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or
effectiveness)).ti,ab.

104. diagnostic accuracy/

105. diagnostic test accuracy study/

106. gold standard.ab.

107. or/96-106

108. comparative study.pt.

109. 50 and (60 or 71 or 95 or 107) or (50 and 108)

Table 15: Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Hypertension] explode all trees

#2. hypertens*:ti,ab

#3. (elevat* near/2 blood next pressur*):ti,ab

#4. (high near/1 blood near/1 pressur*):ti,ab

#5. (increase* near/2 blood pressur*):ti,ab

#6. ((systolic or diastolic or arterial) near/2 pressur*):ti,ab

#7. (or #1 or #6)

#8. MeSH descriptor: [Blood Pressure Determination] explode all trees

#9. MeSH descriptor: [Blood Pressure Monitoring, Ambulatory] explode all trees

#10. ((ambulatory or home or self or office or clinic or surgery or pharmac* or telemonitor* or
daytime or 12 hour or 24 hour or continuous) near/3 (blood pressure* or BP)):ti,ab

#11. (ABPM or HBPM):ti,ab

#12. MeSH descriptor: [Blood Pressure Monitors] this term only

#13. MeSH descriptor: [Sphygmomanometers] explode all trees

#14. ((blood pressure or BP) near/3 (monitor* or meter* or device*)):ti,ab

#15. ((arm™ or wrist* or cuff or non cuff or automatic or electronic or digital or wireless or
remote) near/3 (monitor* or meter* or measur*)):ti,ab

#16. sphygmomanometer*:ti,ab

#17. (or #8-#16)

#18. #7 and #17

B.2 Health Economics literature search strategy

Health economic evidence was identified by conducting a broad search relating to
hypertension in adults population in NHS Economic Evaluation Database (NHS EED - this
ceased to be updated after March 2015) and the Health Technology Assessment database
(HTA) with no date restrictions. NHS EED and HTA databases are hosted by the Centre for
Research and Dissemination (CRD). Additional searches were run on Medline and Embase
for health economics, economic modelling and quality of life studies.
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Table 16: Database date parameters and filters used

Database Dates searched
Medline 2014-28 August 2018
Embase 2014—-28 August 2018
Centre for Research and HTA - Inception—28 August
Dissemination (CRD) 2018
NHSEED - Inception to March
2015

Table 17: Medline (Ovid) search terms

Search filter used

Exclusions
Health economics studies

Exclusions
Health economics studies

None

1. exp Hypertension/

2. hypertens*.ti,ab.

3. (elevat* adj2 blood adj pressur*).ti,ab.
4. (high adj blood adj pressur*).ti,ab.

5. (increase* adj2 blood pressur*).ti,ab.
6. ((systolic or diastolic or arterial) adj2 pressur*).ti,ab.
7. or/1-6

8. letter/

9. editorial/

10. news/

11. exp historical article/

12. Anecdotes as Topic/

13. comment/

14. case report/

15. (letter or comment*).ti.

16. or/8-15

17. randomized controlled trial/ or random*.ti,ab.
18. 16 not 17

19. animals/ not humans/

20. exp Animals, Laboratory/

21. exp Animal Experimentation/

22. exp Models, Animal/

23. exp Rodentia/

24, (rat or rats or mouse or mice).ti.

25. or/18-24

26. 7 not 25

27. limit 26 to English language

28. Economics/

29. Value of life/

30. exp "Costs and Cost Analysis"/

31. exp Economics, Hospital/

32. exp Economics, Medical/

33. Economics, Nursing/

34. Economics, Pharmaceutical/

35. exp "Fees and Charges"/
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36. exp Budgets/
37. budget*.ti,ab.
38. cost* ti.
39. (economic* or pharmaco?economic*).ti.
40. (price* or pricing™).ti,ab.
41. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
42. (financ* or fee or fees).ti,ab.
43. (value adj2 (money or monetary)).ti,ab.
44, or/28-43
45, 27 and 44
Table 18: Embase (Ovid) search terms
1. exp Hypertension/
2. hypertens*.ti,ab.
3. (elevat* adj2 blood adj pressur*).ti,ab.
4. (high adj blood adj pressur*).ti,ab.
5. (increase* adj2 blood pressur*).ti,ab.
6. ((systolic or diastolic or arterial) adj2 pressur*).ti,ab.
7. or/1-6
8. letter.pt. or letter/
9. note.pt.
10. editorial.pt.
11. case report/ or case study/
12. (letter or comment*).ti.
13. or/8-12
14. randomized controlled trial/ or random*.ti,ab.
15. 13 not 14
16. animal/ not human/
17. nonhuman/
18. exp Animal Experiment/
19. exp Experimental Animal/
20. animal model/
21. exp Rodent/
22. (rat or rats or mouse or mice).ti.
23. or/15-22
24. 7 not 23
25. limit 24 to English language
26. health economics/
27. exp economic evaluation/
28. exp health care cost/
29. exp fee/
30. budget/
31. funding/
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32. budget*.ti,ab.
33. cost*.ti.
34. (economic* or pharmaco?economic*).ti.
35. (price* or pricing*).ti,ab.
36. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
37. (financ* or fee or fees).ti,ab.
38. (value adj2 (money or monetary)).ti,ab.
39. or/26-38
40. 25 and 39
Table 19: NHS EED and HTA (CRD) search terms
#1. MeSH DESCRIPTOR Hypertension EXPLODE ALL TREES IN NHSEED,HTA
#2. (Hypertens*) IN NHSEED, HTA
#3. (elevat* adj2 blood adj pressur®) IN NHSEED, HTA
#4. (high adj blood adj pressur*) IN NHSEED, HTA
#5. (increase* adj2 blood pressur*) IN NHSEED, HTA
#6. ((systolic or diastolic or arterial) adj2 pressur*) IN NHSEED, HTA
#7. #1 OR #2 OR #3 OR #4 OR #5 OR #6
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Appendix C: Clinical evidence selection

Figure 1: Flow chart of clinical study selection for the review of diagnostic accuracy

Records identified through Additional records identified through
database searching, n=27,954 other sources, n=23

A 4

Records screened, n=27,977

Records excluded,

A 4

n=27,660
\ 4
Full-text papers assessed for
eligibility, n=317
A\ 4 v
Papers included in diagnostic Papers excluded from review, n=304
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Appendix D: Clinical evidence tables

den Hond®
Cross-sectional
Data source: Treatment of Hypertension According to Home or Office Blood Pressure (THOP) study

Recruitment: Untreated hypertensive patients (primary care)
n=475 screened but 218 excluded as on antihypertensive drugs
n=247 (n=257 but 10 excluded from analysis as not hypertensive on the last visits conventional blood pressure reading)

Used baseline data from Treatment of Hypertension According to Home or Office Blood Pressure (THOP) study
Age, mean (SD): 50.4 (11.0)

Sex (male to female ratio): 46/54%

Family origin: Unknown

Setting: Not reported but further details in THOP study protocol
Country: Belgium

Inclusion criteria: Blood pressure measurements at baseline whose sitting diastolic blood pressure was 95 mmHg or higher on
conventional measurement by a doctor with a standard mercury sphygmomanometer (mean of 2 office visits during a 1-month run-in
period). At each visit, 3 blood pressure readings were obtained after the person had rested for 5 minutes in the sitting position.

Exclusion criteria: people taking antihypertensive drugs
Hypertension

Index test — Home blood pressure measurement

Used Omron HEM-705CP digital blood pressure monitors. Measures brachial artery pressure. Doctor of study nurse instructed the
participants how to use the recorders and provided written guidelines for their operation at home. The participants recorded their blood
pressure in the morning (between 06.00 and 10.00 hours) and in the evening (18.00-22.00 hours) during the week immediately
preceding their second clinic visit. Each measurement session consisted of 3 readings after 5 minutes of rest in the sitting position.
Diagnostic threshold: 135/85 mmHg
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den Hond®

Reference standard — 24 hour ambulatory blood pressure measurement

Measured between the 2 office visits with oscillometric Space-Labs 90207 monitors. Readings at 15-minute intervals from 08.00-22.00
and at 30 minute intervals for the remainder of the day. Daytime and nighttime ambulatory blood pressures were calculated as the time-
weighted means of the readings obtained from 10.00 to 20.00 hours and from 00.00 to 06.00 hours respectively.

Diagnostic threshold: 135/85 mmHg

Time between measurement of index test and reference standard:
Same size cuffs used for all blood pressure readings. If arm circumference exceeds 31 cm, larger cuffs were used.
Reference standard Reference standard — Total

+
Index test + 202 6 208
Index test — 26 13 39
Total 228 19 247

Index text — self measurement at home

Sensitivity 89% (84-92)

Specificity 68% (43-87)

PPV 0.97

NPV 0.33

PLR 2.81 (1.45-5.45)

NLR 0.17 (0.10-0.27)

AUC Not reported

THOP trial financially supported by AstraZeneca NV/SA (Brussels, Belgium), AstraZeneca (Brussels, Belgium) and Pfizer corporation
donated the study medications.

Risk of bias: Serious

Indirectness: Serious; unclear population — inclusion criteria based on diastolic measurement only
Purpose of study to diagnose white- coat hypertension.

Gerc 2000%

Retrospective

Data source: Division of hypertension and vascular medicine of the university hospital in Lausanne — database of all ambulatory blood
pressure recordings performed over the period 1985-1991

Recruitment: Consecutive patients referred to the hypertension clinic for the performance of ABPM who had been examined by their GP
and classified as having an elevated blood pressure as measured in the physician’s office using a mercury sphygmomanometer. They
were referred to the hypertension clinic ether for confirmation of the diagnosis of hypertension (untreated patients) or to evaluate the
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2x2 table

Gerc 2000%

effectiveness of the prescribed antihypertensive therapy (treated patients). Before ABPM a form was filled in form each patient that
included office blood pressure.

n=2,385 (n=1,466 not treated patients)

2,555 records of which 2,385 reported nurse and ambulatory blood pressure measures

Age, mean (SD): 46.9 + 14.9 (n=2373); age range 13-85 years

Sex (male to female ratio): 58.4/41.6%

Family origin: Not reported

Setting: hypertension clinic

Country: Switzerland

Inclusion criteria: Records from the database that reported nurse and ambulatory systolic and diastolic blood pressure values. Quality of
the ambulatory recording — more than 10 values from the 12-hour daytime reading.

Exclusion criteria: None specified

Hypertension

Index test — Clinic blood pressure measurement

Nurse-measured BP was obtained 3 times in a sitting position using a Y-tube connecting the sphygmomanometer and the recorder.
Korotkoff phases | and V were used to identify the systolic and diastolic blood pressure values respectively. Mean value reported.

Reference standard — Daytime ambulatory blood pressure measurement

Three automatic measurements were taken simultaneously with auscultatory readings, using a Y-tube connecting the mercury column
and the blood pressure recorder. The 3 values obtained by the nurse were compared with the machine reading said and had to be
within 5 mmHg for the recording to be considered valid and proceed with the 12 hour daytime ABPM. If repeatedly greater than 5
mmHg, even after reposition of the arm cuff, they were not included in the study.

Ambulatory blood pressure was recorded every 20 minutes during the 12 hour daytime period (at least 10 per 12 hours). ABPM was
always performed on working days. Participants were asked to carry out their routine activities but to avoid unusual physical exercise.
Diagnostic threshold 140/90 mmHg but also reported statistical measures with threshold of 135/85, which was used.

83% of recordings were made with the Remler M2000 apparatus and 17.1% with the SPS and Profilomat 1 devices.

Time between measurement of index test and reference standard: Index test was taken before setting up ambulatory measurement.
Reference standard Reference standard - Total Note: figures given for untreated patients that
+ had WCH as 520 and 971 with newly diagnosed
Not reported 520 Not reported hypertension confirmed. The total 1,491 does
Not reported Not reported Not reported

Index test +
Index test —
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Gerc 2000%

Total Not reported Not reported 1,466 not match the figure 1,466 given as number of
untreated patients.
Index text - Clinic blood pressure by nurse

Sensitivity 86.9

Specificity 58.7

PPV 89.1

NPV 53.3

PLR Not reported

NLR Not reported

AUC Not reported

Not reported

Risk of bias: Serious patient selection
Indirectness: Serious. Population includes < 18 years
Reported outcomes for people with and without treatment and at different thresholds.

Gill 20175

Cross-sectional

Recruitment: From practices that are members of the Central England Primary Care Research Network (PCRN-CE).
n=551 (only 340 of which included in this review)

Age, mean (SD): 59.5(9.4) years

Sex (male to female ratio): 277:274

Family origin: 246 White British, 158 African or Caribbean, and 147 South Asian

Setting: Practices within PCRN-CE

Country: UK

Inclusion criteria: (1) between 40 and 74 years (2) belonging to 1 of the 4 family origin groups under investigation (white British, white
Irish, South Asian, African-Caribbean).

Exclusion criteria: (1) People who are unable to consent to participation (2) participants that didn’t have at least 1 blood pressure
recorded in their electronic medical records within the last 5 years.
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Gill 201757
Hypertension

Index test: Home blood pressure measurement (with telemonitoring). Threshold >135/85 mmHg. Participants were fitted with a device
on either the first or the second visit. The third and final visit took place 10 days after the first to allow adequate time for measurements.
Home measurements were taken twice each morning and evening for 1 week, the first days readings discarded and the mean of the
remaining readings calculated. A minimum of 12 readings were considered valid if there were 4 or more days readings using the
average except the first day’s readings.

Index test: Clinic blood pressure measurement. Six sets of CBP measurements were taken by the research nurse at 3 clinic visits
(BpTru Medical Devices BPM- 100). On the first occasion BP was measured simultaneously on both arms and thereafter it was
measured on the non-dominant arm unless the difference in systolic pressure was >20 mmHg between both arms, in which case it was
measured in the arm with the higher reading. Mean of the second and third readings over 3 days used. Threshold >140/90 mmHg.

Index test: Clinic blood pressure measurement. Six sets of CBP measurements were taken by the research nurse at 3 clinic visits
(BpTru Medical Devices BPM- 100). On the first occasion, BP was measured simultaneously on both arms and thereafter it was
measured on the non-dominant arm unless the difference in systolic pressure was >20 mmHg between both arms, in which case it was
measured in the arm with the higher reading. Mean of the second to sixth readings over 3 days used. Threshold >140/90 mmHg.

Index test: Clinic blood pressure measurement. Six sets of CBP measurements were taken by the research nurse at 3 clinic visits
(BpTru Medical Devices BPM- 100). On the first occasion BP was measured simultaneously on both arms and thereafter it was
measured on the non-dominant arm unless the difference in systolic pressure was >20 mmHg between both arms, in which case it was
measured in the arm with the higher reading. First reading from the first day used. Threshold >140/90 mmHg.

Reference standard: Daytime ambulatory blood pressure measurement. Threshold >135 mmHg systolic blood pressure/85 diastolic
blood pressure. Participants were fitted with an ambulatory monitor (Spacelabs 90217-1Q) on either the first or the second visit. The
third and final visit took place 10 days after the first to allow adequate time for measurements. Readings were recorded at half-hourly
intervals during the day (07.00 to 23.00) and hourly overnight and the mean daytime BP calculated. ABPM readings were considered to
be valid if there were 14 or more daytime (07.00 to 23.00readings for a person.

Time between measurement of index test and reference standard: consecutive visits

HBPM Reference standard + Reference standard — Total

Index test + Not reported Not reported Not reported
Index test — Not reported Not reported Not reported
Total Not reported Not reported Not reported

Index text HBPM (hypertension population)
Sensitivity 84% (77.4 to 89.2%)
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Gill 20175

Specificity 62.4% (54.8-69.5%)
PPV Not reported

NPV Not reported

PLR Not reported

NLR Not reported

AUC Not reported

Index text CBPM (2" and 3™ readings over 3 days; hypertension population)

Sensitivity 41.4% (33.7-49.4)
Specificity 89.3% (83.8-93.4%)
PPV Not reported

NPV Not reported

PLR Not reported

NLR Not reported

AUC Not reported

Index text CBPM (2M-6th reading over 3 days; hypertension population)
Sensitivity 61.1% (53.1-68.7%)

Specificity 78.7% (71.9-84.4%)

PPV Not reported

NPV Not reported

PLR Not reported

NLR Not reported

AUC Not reported

Index text CBPM (day 1 reading 1; hypertension population)
Sensitivity 44.4% (36.6-52.4%)

Specificity 59% (51.4-66.3%)

PPV Not reported

NPV Not reported

PLR Not reported

NLR Not reported

AUC Not reported

None specified

For all index tests:

Aoeinooe onsoubelq
[euld :synpe ul uoisualedAH



LY

Reference

Reference
Study
methodology

Number of
patients
Patient
characteristics

Target
condition(s)
Index test(s)
and reference
standard

2x2 table

Gill 20175
Risk of bias: Serious. Blinding not stated; number of participants enrolled in the study not stated (only number analysed)
Indirectness: Serious; unclear if participants already diagnosed with hypertension were taking medication

Mansoor 2004'%3
Data source: Not reported

Recruitment: Referrals to a health centre from a physician office
n=48

Age, mean (SD): 49(14) years

Sex (male to female ratio): 22:26

Family origin: Not specified

Setting: Outpatient clinic

Country: USA

Inclusion criteria: (1) Office BP of >140/09 mmHg on at least 2 occasions (2) free of antihypertensive drugs for at least 4 weeks
Exclusion criteria: (1) known or suspected secondary hypertension (2) night shift workers

Hypertension

Index test: Home blood pressure measurement (with telemonitoring). Threshold systolic blood pressure >135 mmHg. Performed using
a Welch Allyn trans-telephonic BP device that transmitted data over analogue telephone lines. People were taught by nurses on how to
measure BP and check the devices’ accuracy. A large cuff was used for mid-arm circumference >34cm. People were asked to make 3

readings between 07.00 and 22.00, 3 readings in the evening 07.00 to 22.00 for 7 days. The device was set to allow readings at 1-
minute intervals and participants were instructed to sit quietly for 5 minutes beforehand.

Reference standard: daytime ambulatory blood pressure measurement. Threshold >135 mmHg systolic blood pressure or >85 diastolic
blood pressure daytime readings. Welch-Allyn QuieetrTrak device. All participants were studied on a typical workday. At least 75% of
readings had to be valid for a participant to be included and with no more than a 3-hour gap without a reading per hour. Participant
diaries were used to check sleep times to calculate nighttime averages.

Time between measurement of index test and reference standard: not specified
HBPM Reference standard + Reference standard — Total
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Mansoor 20041%3

Index test + 14 2 16
Index test — 20 12 32
Total 34 14 48
Index text HBPM

Sensitivity 41%

Specificity 86%

PPV 0.85

NPV 0.35

PLR 2.5

NLR 0.76

AUC Not reported

None specified

Risk of bias: Serious. Blinding not stated, unclear how long the reference test measures were taken for,
Indirectness: Serious. 24-hour ABPM diagnostic threshold stated as a range.

Mutlu 2016'%°

Cross-sectional

Recruitment: From clinic; eligible candidates for 24 hour ambulatory blood pressure measurement
n=160

Age, mean (SD): 44.44 (15.32) years

Sex (male to female ratio): 87:73

Family origin: Turkish

Setting: Clinic of tertiary care hospital

Country: Turkey

Inclusion criteria: (1) candidate for ABPM
Exclusion criteria: None specified

Hypertension; results given as masked hypertension and white-coat hypertension
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Mutlu 2016'2°
Index test: Home blood pressure measurement. People were instructed on how to measure blood pressure and were informed to visit
the pharmacy to have their blood pressure checked (1 day of measurement). Diagnostic threshold 130-135/85 mmHg

Reference standard: 24-hour ambulatory blood pressure measurement (diagnostic threshold 125-130/80 mmHg; no further details).

Time between measurement of index test and reference standard: recorded simultaneously
HBPM Reference standard + Reference standard — Total
Index test + 96 2 98
Index test — 2 60 62
Total 98 62 160
Index text HBPM

Sensitivity 98%

Specificity 96.8%

PPV 0.98

NPV 0.97

PLR 30.63

NLR 0.02

AUC OR 1482.25

Not specified

Risk of bias: Very serious. Blinding not stated, unclear how long each index and reference test measures were taken for
Indirectness: Serious. 24-hour ABPM diagnostic threshold stated as a range.
Clinic BP also measured but reference standard for some was HBPM

Nunan 20153
Cross-sectional (prospective)
Data source: Not specified

Recruitment: General practitioners from 4 participating clinics opportunistically identified potential participants
n=247

Age, mean (SD): 56.4(9.7)

Sex (male to female ratio): 56:47
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Nunan 201534
Family origin: 90.4% White, 1.6% Asian, 1.6% Black, 0.5% Chinese, 2.1% other

Setting: Outpatient clinic
Country: UK

Inclusion criteria: (1) 40 to 85 years (2) systolic blood pressure between 130—179mmHg (3) not previously diagnosed with hypertension,
atrial fibrillation, autonomic failure or dementia

Exclusion criteria: (1) received antihypertensive treatment prior to the study; participants were also excluded if their physician decided
they needed treatment during the timeframe of the study (30 days).

Hypertension

Index tests

Home blood pressure measurement with telemonitoring:

e 2-7 day measurement

¢ 1-5 day measurement

e 2-5 day measurement

¢ 1-5 day measurement

Threshold 135/85 mmHg. A 5-minute seated test was used to identify which arm should be used for HBPM. The non-dominant arm was
used unless a difference of at least 10 mmHg systolic blood pressure was observed between arms, in which case the arm giving the
highest reading was used for all subsequent readings. Participants were asked to perform 6 sequential measurements separated by a
1-minute rest using the same device. Following this, participants self-monitored their blood pressure daily for 28 days by performing 2
readings in the morning and 2 readings in the evening (with a 1-3 minute gap between the first and second readings and following a 5
minute seated rest). The automated sphygmomanometer was paired to a mobile phone via Bluetooth, which was used to transmit blood

pressure readings securely to a dedicated web database. Email alerts were automatically generated for critically high or low blood
pressure values.

Reference standard
Daytime hour ambulatory measurement: undertaken after index tests, using the clinically validated Microlife WatchBP03 monitor.
Readings were obtained half-hourly between 07.00 and 23.00 and hourly between 23.00 and 07.00. Threshold 135/85 mmHg.

2-7 day Reference standard Reference standard - Total
+

Index test + 102 46 148

Index test — 7 48 55

Total 109 94 203
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Nunan 201534

1-7 day Reference standard Reference standard - Total
+

Index test + 101 47 148

Index test — 8 47 55

Total 109 94 203

2-5 day Reference standard Reference standard - Total
+

Index test + 102 44 148

Index test — 7 50 55

Total 109 94 203

1-5 day Reference standard Reference standard - Total
+

Index test + 101 44 148

Index test - 8 50 55

Total 109 94 203

Index text: 2-7 day home blood pressure measurement with self-monitoring (pre-defined index test)

Sensitivity 93.6%

Specificity 51.1%

PPV 68.9%

NPV 87.3%

PLR Not reported

NLR Not reported

AUC 0.72 (0.67 to 0.78)

150/203 correctly classified (73.9%)

Index text: 1-7 day home blood pressure measurement with self-monitoring (pre-defined index test)

Sensitivity 92.7%

Specificity 50%

PPV 68.2%

NPV 85.5%

PLR Not reported

NLR Not reported

AUC 0.71 (0.66 to 0.77)

148 correctly classified (72.9%)
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Nunan 201534

Index text: 2-5 day home blood pressure measurement with self-monitoring (post hoc)
Sensitivity 93.6%

Specificity 53.2%

PPV 69.9%

NPV 87.7%

PLR Not reported

NLR Not reported

AUC 0.73 (0.69 to 0.79)

Correctly classified 152 (74.9%)

Index text: 1-5 day home blood pressure measurement with self-monitoring (post hoc)
Sensitivity 92.7%

Specificity 53.2%

PPV 69.7%

NPV 87.7%

PLR Not reported

NLR Not reported

AUC 0.73 (0.67 to 0.79)

Correctly classified 152/203 74.9%

National Institute for Health Research

Risk of bias: Serious. Not all participants included in analysis (17.8% excluded)
Indirectness: None. Participants included in the study if they had a CBPM of 130-179 mmHg and didn’t have a previous diagnosis of
hypertension or had received treatment for hypertension.

Ozdemir 200073°
Cross-sectional
Data source: Not specified

Recruitment: potential living-related renal transplant donors
n=126
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Ozdemir 2000"3°
Age, mean (SD): 45(12.4) years

Sex (male to female ratio): 65:61

Family origin: Not specified

Setting: transplantation outpatient department

Country: Turkey

Inclusion criteria: (1) blood pressures normal or borderline to mildly elevated (140/09 mmHg-159/104 mmHg)
Exclusion criteria: Non specified

Hypertension

Index test: Clinic blood pressure measurement. Measurements taken during clinical visits prior to the start of ABPM. Three consecutive
measurements were taken and the mean of the 3 was recorded.

Reference standard. 24-hour ambulatory blood pressure measurement. Fully automatic Accutracker Il was used. Measurements taken
every 20 minutes through the day (06.00 to 23.00) and every 45 minutes at night (23.00 to 06.00). Participants were educated in how to
care for the monitor and improve the measurements taken. If more than 10% of measurements were unsuccessful, participants were re-
evaluated with ABPM.

Time between measurement of index test and reference standard: Immediate
Reference standard Reference standard — Total

+
Index test + 24 13 37
Index test — 6 83 89
Total 30 96 126
Index text: OBPM
Sensitivity 80%
Specificity 86%

PPV Not reported
NPV Not reported
PLR Not reported
NLR Not reported
AUC Not reported
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Ozdemir 200013°
Not specified

Risk of bias: Serious. Unclear if reference standard results were interpreted without knowledge of the results of the index test.
Indirectness: Serious. Ambulatory thresholds for diagnosis 140/90 mmHg daytime and 120/80 mmHg night-time

Park 201743
Cross sectional
Data source: Not specified

Recruitment: From outpatient clinic
n=319

Age, mean (SD): 51.8 (9.7) years

Sex (male to female ratio): Not reported
Family origin: Korean

Setting: Clinical trial centres

Country: Korea

Inclusion criteria: (1) Blood pressure above 140/90 as confirmed by clinic measurement

Exclusion criteria: (1) Secondary hypertension (2) hypertensive emergency or urgency (3) heart failure or other clinically significant
cardiac abnormalities or conditions (4) pregnancy (5) night labour or shift work (6) history of abusing drugs or alcohol within 6 months
(7) current participant in other studies (8) taking drugs known to affect blood pressure.

Hypertension

Index test: Home blood pressure measurement. 3 different diagnostic thresholds used (1) =systolic blood pressure 135 mmHg and or
diastolic blood pressure =285 mmHg (2) systolic blood pressure 2130 mmHg and or diastolic blood pressure 285 mmHg (3) systolic blood
pressure 2130 mmHg or diastolic blood pressure 280 mmHg. Measurements were taken for 7 consecutive days and ended on the
morning of the eighth day.
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Park 201743

Reference standard: 24-hour ambulatory blood pressure measurement. Diagnostic threshold 24-hour average of over 2130 mmHg
systolic blood pressure and or 280 mmHg diastolic blood pressure. Readings started on the eighth day for 1 day. Measurements taken
on the non-dominant arm using an automated oscillometric device (Mobil-O-Graph) with a measurement interval of 30 minutes. A valid
measurement defined as valid readings for more than 70% of attempts with at least 14 daytime and 7 nighttime readings.

Time between measurement of index test and reference standard: consecutive day

135/8 5mmHg Reference standard + Reference standard -  Total
Index test + 158 11 169
Index test — 47 40 87
Total 205 51 256
135/80 mmHg Reference standard + Reference standard -  Total
Index test + 166 15 181
Index test - 39 36 75
Total 205 51 256
130/80 mmHg Reference standard + Reference standard -  Total
Index test + 185 19 204
Index test - 20 32 52
Total 205 51 256

Index text HBPM

135/85 mmHg

Sensitivity 77.1%
Specificity 78.4%
PPV 93.5
NPV 45.9

PLR Not reported
NLR Not reported
AUC Not reported

Index text HBPM

135/80 mmHg

Sensitivity 81%

Aoeinooe onsoubelq
[euld :synpe ul uoisuauadAH



YL

Reference

Source of
funding

Limitations

Park 201743
Specificity 70.6%
PPV 91.7

NPV 48

PLR Not reported
NLR Not reported
AUC Not reported

Index text HBPM 130/80 mmHg
Sensitivity 90.2

Specificity 62.8

PPV 90.7

NPV 61.5

PLR Not reported

NLR Not reported

AUC Not reported

Industry: Dong-A ST Co Ltd

Threshold 135/85 mmHg

Risk of bias: Very serious. 20% not included in the analysis (mainly due to withdrawal of consent and exclusion from the analysis due it
invalid ABPM measurements. Blinding not specified

Indirectness: None

Threshold 135/80 mmHg

Risk of bias: Very serious. 20% not included in the analysis (mainly due to withdrawal of consent and exclusion from the analysis due it
invalid ABPM measurements. Blinding not specified

Indirectness: Serious. Threshold does not match that of the protocol

Threshold 130/80 mmHg

Risk of bias: Very serious. 20% not included in the analysis (mainly due to withdrawal of consent and exclusion from the analysis due it
invalid ABPM measurements. Blinding not specified

Indirectness: Serious. Threshold does not match that of the protocol
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Shimbo 200962
Cross-sectional
Data source: Not-specified

Recruitment: from the Hypertension Centre at Mount Sinai Medical Centre NYC
n=229

Age, mean (SD): 52.6 (14.6) years

Sex (male to female ratio): 105:124

Family origin: 69.9% White, 19.2% Black, 6.1% Asian, Indian or Pacific Islander, 4.7% Other.
Setting: Hypertension clinic

Country: USA

Inclusion criteria: (1) normotensive or Stage 1 hypertension (140—159 mmHg /90—99 mmHg), according to Joint National Committee
(JNC

VI) criteria, (2) aged 18 to 80 years, (3) willing to come off antihypertensive medication (if treated) for 2 weeks prior to the first study
visit, and to remain off for the duration of the study, and (4) had no history of overt cardiovascular disease.

Exclusion criteria: Non specified

Hypertension

Index test: Home blood pressure measurement. 135/85 mmHg or higher for hypertension threshold. Performed over a 10-week period
using an automatic HBP monitor (Omron HEM-747 IC). The monitor had a modem that provided a telephone link to a server located at
the measurement centre. This provided a time and date stamp for each reading, and could store 125 readings in memory (these could
not be edited by the participant). Participants were instructed to take 3 HBP measurements on 4 days a week in the morning and
evening, plus additional measurements mid-day on 2 days a week, for a total of 36 measurements per week. The analysis used the first
12 values (in line with the minimum required as per AHA systematic review).

Reference standard: Daytime ambulatory blood pressure measurement. 135/85 mmHg or higher for hypertension threshold. At the first
visit, ambulatory measurement was initiated over a period of 36 hours. For 75% of these recordings, ABPM took BP readings every 30
minutes and for the remaining recordings measurements were taken at 15-minute intervals (between 06.00 and 22.00). Only the first 24
hours of measurements were included in the analysis. SpacelLabs Model 90207. ABPM was then repeated at week 4 and week 8 (but
not used in analyses).
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Shimbo 200962

Time between measurement of index test and reference standard: Not specified
Home Reference standard + Reference standard -  Total
Index test + 64 5 75
Index test — 11 4 9
Total 75 9 84
Index text HBPM

Sensitivity 85%

Specificity 44%

PPV 93%

NPV 27%

PLR 1.54

NLR 0.33

AUC 0.863

Not specified

Risk of bias: Very serious risk of bias, blinding unclear. 145 participants did not receive reference standard because their CBPM was
normotensive, unclear why not all of the ambulatory measurements were used in assessment.

Indirectness: None
Stergiou 2000'7°

Nonrandomised trial
Data source: Not specified

Recruitment: Outpatient hypertension clinic
n=142 recruited, 9 lost to follow-up.

Age, mean (SD): 48.4 (10.2)
Sex (male to female ratio): 73:60
Family origin: not specified

Setting: outpatient hypertension clinic
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Reference

Target
condition(s)
Index test(s)
and reference
standard

Statistical
measures

Source of
funding
Limitations

Comments

Reference
Study type
Study
methodology

Stergiou 2000'7°
Country: Greece

Inclusion criteria: Untreated individuals with average diastolic clinic blood pressure of 90-115 mmHg and treated individuals (given a
washout period of 2 weeks) whose diagnosis of hypertension was questionable.

Exclusion criteria: Electrocardiographic left ventricular hypertrophy, nephropathy, diabetes mellitus, known cardiovascular disease,
clinic blood pressure greater than 200/115 mmHg, secondary hypertension and unwillingness to participate in the study.
Hypertension

Index test

Home blood pressure measurement; 3 workdays per week for 2 weeks, duplicate morning and evening measurements taken after 5
minutes of sitting with 1 minutes between recordings.

Reference standard

Ambulatory blood pressure measurement; every 20 minutes for 24 hours

Time between measurement of index test and reference standard: ambulatory blood pressure measurements were taken before and
after the home measurement period.
Index text- Home blood pressure measurement

Sensitivity 90%
Specificity 69%
PPV 90%

NPV 69%

Not specified

Risk of bias: Serious — there was no mention of blinding the investigators to the index test when carrying out the reference standard
test, not all participants included were followed up (9 lost to follow-up).

Indirectness: None

White coat hypertension was recorded as an outcome: Sensitivity 61%, specificity 79%, PPV 48%, NPV 86%

Uen 2002178
RCT (crossover)
Data source: Not specified

Recruitment: Not specified
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Reference
Number of
patients
Patient
characteristic
s

Target
condition(s)
Index test(s)
and reference
standard

Uen 2002178
n=46

Age, mean (SD): 51(14.3) years

Sex (male to female ratio): 24:19

Family origin: Not specified

Setting: Not specified

Country: Germany

Inclusion criteria: (1) aged over 18 years

Exclusion criteria: (1) previous experience with wrist BP measurement devices (2) wrist circumference of less than 13.5 cm and more
than 19.5 cm (3) history of cardiac abnormalities (4) wrist injuries (5) participation in other trials (6) participants that were pregnant or

lactating.

Participants were either normotensive systolic blood pressure <140mmHg, or hypertensive.
Hypertension

Index test Home blood pressure measurement (wrist device with position sensor). Study duration 16 days, 8 days using each home BP
device. Performed with the BP 2000 (Braun GmbH). Measurements taken twice in the morning and twice in the evening. Only stored
data were used.

Index test Home blood pressure measurement (wrist device without position sensor)

Index test Clinic blood pressure measurement. Performed sitting at 2-minute intervals with an auscultatory BP measurement device.
Two office measurements per arm were performed at study entry.

Reference standard 24-hour ambulatory blood pressure measurement. Recorded on days 8 and 9. Device A&D TM-2530.
Measurements were taken during working days and BP was measured at 15 minute intervals from 07.00 to 22.00 (daytime readings,
and at 20-minute intervals at night (nighttime readings).

Subjects were classified as hypertensive if the following criteria were fulfilled:
¢ systolic BP 2130 mmHg or diastolic BP 280 mmHg for the 24-hour BP measurement
¢ systolic BP 2135 mmHg or diastolic BP 285 mmHg for the daytime values of the 24-hour BP measurement
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Reference

2x2 table

Statistical
measures

Uen 2002'78
e systolic BP 2135 mmHg or diastolic BP 285 mmHg for self-BP measurement
¢ systolic BP 2140 mmHg or diastolic BP 290 mmHg for office measurements.

Time between measurement of index test and reference standard: Measured simultaneously

HBPM with position sensor Reference standard +  Reference standard —  Total
Index test + 16 0 16
Index test — 7 20 27
Total 23 20 43
HBPM without sensor Reference standard + Reference standard -  Total
Index test + 16 0 16
Index test — 8 19 27
Total 24 19 43
Clinic Reference standard + Reference standard -  Total
Index test + 14 2 16
Index test — 7 20 27
Total 21 22 43
Index text HBPM with position sensor

Sensitivity 70%

Specificity 100%

PPV 100%

NPV 74%

PLR Not reported
NLR 0.3
AUC Not reported

Index text HBPM without position sensor

Sensitivity 67%
Specificity 100%
PPV 100%

NPV 70%

PLR Not reported
NLR 0.33

AUC Not reported
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Reference

Source of
funding
Limitations

Reference
Study type
Study
methodology

Number of
patients
Patient
characteristic
s

Uen 2002178

Index text Clinic BPM
Sensitivity 67%
Specificity 91%

PPV 88%

NPV 74%

PLR 7.33

NLR 0.37

AUC Not reported
Braun GmbH Germany

For all index tests (HBPM with and without position sensor, CBPM)
Risk of bias: Serious. Blinding not specified
Indirectness: None

Ungar 2004'7°
Cross-sectional
Data source:

Recruitment: Referred to outpatient centre for evaluation of hypertension (suspected or established)
n=388

Age, mean (SD): 60(15) years

Sex (male to female ratio): 165:173
Family origin: Not specified

Setting: Outpatient clinic

Country: Italy

Inclusion criteria: (1) suspected or established hypertension
Exclusion criteria: (1) participants excluded from subgroup analysis if they were taking antihypertensive treatment
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Reference
Target
condition(s)
Index test(s)
and reference
standard

2x2 table

Statistical
measures

Source of
funding
Limitations

Reference
Study type

Ungar 2004'7°
Hypertension

Index test: Clinic blood pressure measurement

Threshold above or equal t0140/90 mmHg. Cuff used; a larger than standard cuff was used if arm circumference exceeded 32 cm. Two
measurements were taken 24 hours apart after at least 10 minutes of sitting. A third measurement was taken if the first 2 differed by
more than 5 mmHg.

Reference standard: Daytime ambulatory blood pressure measurement.

Threshold above or equal to 135/85 mmHg. SpacelLabs 90207 oscillometric device used with cuff placed on the non-dominant arm.
Three separate cuff sizes were used based on arm circumference. Device recorded BP every 15 minutes during the daytime and every
20 minutes during nighttime, carried out on a working day. Subjects were asked to keep their arm in a relaxed and stable position during
measurements and were encouraged to record their activities.

Time between measurement of index test and reference standard: Taken in between the 2 office measurements
Reference standard + Reference standard -  Total

Index test + 254 66 320

Index test — 33 35 68

Total 287 101 388

Index text OBPM

Sensitivity 89%

Specificity 35%

PPV 79%

NPV 51%

PLR 1.35

NLR 0.33

AUC OR 4.08

Supported by the Hy-Oldest project

Risk of bias: Serious. Blinding not stated
Indirectness: None

Zhuo 200992
Cross-sectional
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Reference
Study
methodology

Number of
patients
Patient
characteristic
s

Target
condition(s)
Index test(s)
and reference
standard

2x2 table

Zhuo 200992
Data source:

Recruitment: From Shijing-Shan community in Beijing
n=126

Age, mean (SD): 54.4 (8.6) years
Sex (male to female ratio): 70:52
Family origin: Chinese

Setting: General practitioners
Country: China

Inclusion criteria: (1) over 30 years old (2) systolic blood pressure above or equal to 130 mmHg and below 160 mmHg (diastolic blood
pressure 80-100 mmHg)

Exclusion criteria: (1) serious cardiovascular events or conditions, anxiety, secondary hypertension (2) people who were in other studies
(3) lack of mental or physical capacity to monitor BP at home

Hypertension: study defines as masked hypertension and white coat hypertension in (1) a prehypertensive population as defined by
clinic measurement and (2) a hypertensive population as defined by clinic measurement. These results were pooled.

Index test: Home blood pressure measurement. Diagnostic threshold 2138/85 mmHg. Automatic KP-66, Albert Hengrong Beijing Ltd,
device used. Participants were taught how to use devices and self-measurements were taken at 1-minute intervals after 10 minutes of
rest in a quiet room. The second and third measurements at each measurement were averaged. These were taken between 06.00 and
08.00 and 18.00 to 20.00.

Reference standard 24-hour ambulatory blood pressure measurement. Diagnostic threshold in the prehypertensive population
(according to clinic measurement) was based on a 24-hour ambulatory threshold of 2130/80 mmHg. Threshold for diagnosis in the
hypertensive (according to clinic measurement) population based on daytime measurement of 2135/85 mmHg. Oscillomertic DynaPulse
5000 device. Measurements taken in non-dominant arm. Immediately after visit 1, ambulatory blood pressure was recorded over a 24-
hour period throughout the person's normal daily activities (but they had to stay still with the forearm extended during each
measurement). The device was set to obtain BP readings at 30-minute intervals during the period of 07.00 to 22.00 and 1-hour intervals
during the period of 22.00 to 07.00. If less than 80% of readings were available, participants were not included in the analysis, and a
maximum of 2 hours was allowed to be unaccounted for in the 24-hour period.

Time between measurement of index test and reference standard: 1 day
Reference standard + Reference standard - Total
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Reference

Statistical
measures

Source of
funding
Limitations

Zhuo 200992

Index test + 63 8
Index test — 9 22
Total 72 30
Index text HBPM

Sensitivity 88%
Specificity 73%
PPV 89

NPV 71

PLR 3.28

NLR 0.19

AUC 19.25
None specified

71
31
102

Risk of bias: Very serious. Blinding not stated and different ambulatory thresholds used in participants

Indirectness: None
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Appendix E: Coupled sensitivity and
specificity forest plots and sROC curves
Coupled sensitivity and specificity forest plots

Figure 2: Home blood pressure measurement without telemonitoring (threshold
2135/85 mmHg)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI) Specificity (95% CI)
Den Hond 2003 202 6 26 13 0.89 [0.84, 0.92] 0.68 [0.43, 0.87] = —
Mutlu 2016 96 2 2 60 0.98 [0.93, 1.00] 0.97 [0.89, 1.00] - -
Park 2017 158 11 47 40 0.77 [0.71, 0.83] 0.78 [0.65, 0.89] = —
Zhuo 2009 63 8 9 22 0.88[0.78, 0.94] o73[054,088  , ., @, , ., -

T T 1 T T T T T 1
0 020406081 0020406081

Figure 3: Home blood pressure measurement without telemonitoring (threshold
2130/85 mmHg)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% Cl)
Park 2017 156 15 39 36 0.80 [0.74, 0.85] 071[056,083 4 ® ., ., ., &
0 0.2 04 06 0.8 1 0 0.2 0.4 0.6 0.8 1

Figure 4: Home blood pressure measurement without telemonitoring (threshold
2130/80 mmHg)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CIl) Sensitivity (95% CI)  Specificity (95% CI)
Park 2017 185 19 20 32 0.90 [0.85, 0.94] 0.63[0.48, 0.76] —t P : = Py — ' :l —
0 020406081 0020406081

Figure 5: Home blood pressure measurement with wrist cuff (threshold 2135/85
mmHg)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% CI)
Uen2002 16 0 8 19 0.67 [0.45, 0.84] 1.00[0.82,1.00] _y — @ R —

I 1l
T 1T T T T T 1
0 0.2 04 06 08 1 0 020406 08 1

Figure 6: Home blood pressure measurement with wrist cuff and position sensor
(threshold 2135/85 mmHg)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% CI)
Uen2002 16 0 7 20 0.70 [0.47, 0.87] 100083100,  ,— @&~ ., ., , ., ,—W
0 02040608 1 0 02 04 06 0.8 1

Figure 7: Home blood pressure measurement with telemonitoring (threshold 2135/85
mmHg)

Study TP FP FN TN Sensitivity (95% ClI) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% CI)
Mansoor 2004 14 2 20 12 0.41[0.25, 0.59] 0.86 [0.57, 0.98] — — &
Nunan 2015 102 46 7 48 0.94 [0.87, 0.97] 0.51[0.41, 0.62] = —

Shimbo 2009 64 5 11 4 0.85 [0.75, 0.92] 044[014,079] , , , -® ., -

T T 1 T T T T T 1
0 020406081 0020406081
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Figure 8: Clinic blood pressure measurement (2140/90 mmHg)

Study TP FP
Ozdemir 2000 24 13
Uen 2002 14 2
Ungar 2004 254 66

ROC curves

FN

33

TN
83
20
35

Sensitivity (95% CIl) Specificity (95% CIl) Sensitivity (95% CI) Specificity (95% CI)

0.80 [0.61, 0.92] 0.86 [0.78, 0.93] —a —&
0.67 [0.43, 0.85] 0.91 [0.71, 0.99] — — =
0.89 [0.84, 0.92] 0.35[0.25,045] |4 , | - .- |

| 't | | | |
T T T 1t T T T T
O 02 04 06 08 1 0 02040608 1

Figure 9: sROC curve for home blood pressure monitoring meta-analysis (with and
without telemonitoring)
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O Home blood pressure monitoring (without telemonitoring)
<> Home blood pressure monitoring (with telemonitoring)
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Appendix F: Health economic evidence
selection

Figure 10:

Flow chart of health economic study selection for the guideline

7

Records identified through database
searching, n=6,194

Additional records identified through other sources:
CG127, n=0; reference searching, n=17; provided by
committee members, n=0

>
»

\

Records screened in 18t sift, n=6,211

Records excluded* in 15t sift, n=5,938

\ 4

\ 4

in 2" sift, n=273

Full-text papers assessed for eligibility

\ 4

\ 4

Full-text papers assessed for
applicability and quality of
methodology, n=35

Papers excluded* in 2M sift, n=238

\ 4

ﬁapers included, n=2

Studies included by review:

~

o Diagnosis: n=1

e Monitoring: n=1

e |nitiation threshold: n=0

e Type of target: n=0

e Target level: n=0

e Step 1 treatment: n=0

e Step 2 or 3 treatment: n=0
e Step 4 treatment: n=0

o Relaxation: n=0

e Same day review: n=0

A 4

\ 4

ﬂapers selectively excluded,\

n=4

Studies selectively excluded
by review:

¢ Diagnosis: n=2

¢ Monitoring: n=2

e Initiation threshold: n=0

e Type of target: n=0

e Target level: n=0

e Step 1 treatment: n=0

e Step 2 or 3 treatment: n=0
e Step 4 treatment: n=0

¢ Relaxation: n=0

e Same day review: n=0

Reasons for exclusion: see
appendix 1.2

AN

ﬁapers excluded, n=29 \

Studies excluded by review:

¢ Diagnosis: n=1
Monitoring: n=8

Initiation threshold: n=4
Type of target: n=0
Target level: n=3

Step 1 treatment: n=5
Step 2 or 3 treatment: n=8
Step 4 treatment: n=0
Relaxation: n=0

Same day review: n=0

Reasons for exclusion: see
appendix 1.2

J

\_ J

* Non-relevant population, intervention, comparison, design or setting; non-English language
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Study
Study details

Economic analysis:
CUA (health outcome:
QALYs)

Study design:
Probabilistic decision
analytic model
Approach to analysis:
Markov model with 3-
month cycles comparing
clinic, home, and
ambulatory
measurement for
confirming a diagnosis
of hypertension in a
screening population
with a BP greater than
140/90. The model
includes cardiovascular
event health states and
estimates lifetime costs
and QALYs.

Perspective: UK NHS

Time horizon/Follow-
up: lifetime

Lovibond 2011°¢

Population &
interventions

Population:

People with suspected
hypertension — those
with a screening clinic
blood pressure
measurement equal or
above 140/90.

Cohort settings:

The analysis was run

separately for 10 age-

and sex-stratified

groups:

e male and female

e age 40, 50, 60, 70,
and 75

Intervention 1:
Clinic blood pressure

measurement (CBPM).

Diagnosis involves 2
visits 1 month apart.

Intervention 2:

Costs

Total costs (mean per
person):

Male, 40 years:
Incremental (3—1): -£235
(95% CI: -£322, -£117;
p=NR)

Incremental (2-1): -£48
(95% CI: -£128, £17; p=NR)

Male, 50 years:

Incremental (3—1): -£156
(95% CI: -£233, -£62; p=NR)
Incremental (2-1): -£34
(95% CI: -£89, £11; p=NR)

Male, 60 years:

Incremental (3—-1): -£112
(95% CI: -£178, -£43; p=NR)
Incremental (2-1): -£26
(95% CI: -£70, £7; p=NR)

Male, 70 years:

Appendix G: Health economic evidence tables

Health outcomes

QALYs (mean per
person):

Male, 40 years:
Incremental (3—1): -0.004
(95% CI: -0.009, 0.005;
p=NR)

Incremental (2—1): -0.001

(95% ClI: -0.006, 0.004;
P=NR)

Male, 50 years:
Incremental (3—1): 0.006
(95% CI: -0.003, 0.017;
p=NR)

Incremental (2-1): 0.001

(95% Cl: -0.009, 0.009
p=NR)

Male, 60 years:
Incremental (3—1): 0.017
(95% CI: 0.006, 0.029;
p=NR)

Incremental (2-1): 0.003

Cost effectiveness

ABPM was the most cost-effective
strategy for every subgroup at a
threshold of £20,000 (pa).

Analysis of uncertainty:

Probabilistic sensitivity analysis was
conducted using 1,000 Monte Carlo
simulations. This resulted in the most
optimal strategy being ABPM.

Deterministic sensitivity analysis was
conducted for males aged 60 years.
When diagnostic costs, failure rates,
time until diagnosis, CV risk, check-up
frequency, quality of life, cost of
hypertension treatment and cost of
cardiovascular events were varied
individually, the optimal strategy did
not change. When sensitivity and
specificity was changed to
ABPM=HBPM and when HBPM
sensitivity was set to 100%, the most
optimal strategy changed to HBPM.
When risk reduction was applied to all
treated people, the most optimal
strategy changed to CBPM.
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Treatment effect
duration:@ lifetime
Discounting: Costs:
3.5%; Outcomes: 3.5%

Home blood pressure
measurement (HBPM)
Involves 1 week of
measurement.

Intervention 3:

Ambulatory blood
pressure measurement
(ABPM)

Involves 24-hour
measurement.

Incremental (3—1): -£89
(95% CI: -£150, -£30; p=NR)
Incremental (2-1): -£23
(95% CI: -£65, £7; p=NR)

Male, 75 years:

Incremental (3—1): -£56
(95% CI: -£105, -£10; p=NR)
Incremental (2-1): -£16
(95% Cl: -£49, £6; p=NR)

Female, 40 years:
Incremental (3-1): -£323
(95% CI: -£389, -£222;
p=NR)

Incremental (2-1): -£68
(95% CI: -£167, £25; p=NR)

Female, 50 years:
Incremental (3-1): -£182
(95% Cl: -£256, -£79; p=NR)
Incremental (2-1): -£40
(95% ClI: -£106, £15; p=NR)

Female, 60 years:
Incremental (3—1): -£146
(95% CI: -£220, -£55; p=NR)
Incremental (2-1): -£32
(95% CI: -£83, £11; p=NR)

Female, 70 years:
Incremental (3—1): -£82
(95% CI: -£142, -£25; p=NR)

(95% Cl: -0.010, 0.015;
p=NR)

Male, 70 years:
Incremental (3—1): 0.022
(95% CI: 0.012, 0.035;
p=NR)

Incremental (2-1): 0.005

(95% Cl: -0.009, 0.017;
p=NR)

Male, 75 years:
Incremental (3-1): 0.021
(95% ClI: 0.012, 0.030;
p=NR)

Incremental (2-1): 0.004

(95% Cl: -0.007, 0.015;
p=NR)

Female, 40 years:

Incremental (3—1): -0.006

(95% ClI: -0.008, -0.003;
p=NR)
Incremental (2-1): -0.001

(95% Cl: -0.004, 0.001;
p=NR)

Female, 50 years:
Incremental (3-1): -0.001
(95% ClI: -0.006, 0.007;
p=NR)

Incremental (2-1): -0.001

(95% Cl: -0.006, 0.004;
p=NR)

Deterministic sensitivity analysis was
also conducted for all subgroups
varying the prevalence of true
hypertension and the sensitivity and
specificity, which resulted in ABPM
remaining as the optimal strategy.

To explore further the areas where
results changed, probabilistic
sensitivity analysis was conducted on
all male subgroups for various factors.
Sensitivity and specificity of ABPM set
to HBPM resulted in HBPM being the
optimal strategy for all male
subgroups. Sensitivity was set to
100% for all interventions and
probabilistic analysis resulted in the
optimal strategy changing to HBPM for
the male 50 years group. When CVD
risk reduction applied to all treated
people the optimal strategy for all
subgroups changed to CBPM. Lastly,
the check-up frequency in those
diagnosed without hypertension
resulted in the optimal strategy
changing to HBPM for the male 40
years and 50 years groups only.
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Incremental (2-1): -£20

(95% CI: -£59, £8; p=NR) Female, 60 years:
Incremental (3—1): 0.006

Female, 75 years: (95% ClI: 0.000, 0.015;

Incremental (3-1): -£63 p=NR)

(95% Cl: -£121, -£8; p=NR) Incremental (2-1): 0.001

Incremental (2-1): -£17 (95% CI: -0.006, 0.008;

(95% Cl: -£52, £11; p=NR) ~ P=NR)
Currency & cost year: Female, 70 years:

2009/10 UK pOUﬂdS Incremental (3_1) 0.014
(95% CI: 0.008, 0.021;

p=NR)
Incremental (2-1): 0.003
(95% CI: -0.005, 0.011;

Cost components
incorporated:

Cost of interventions (device

costs depreciated and staff P=NR)

costs), hypertensive

treatment costs and event Female, 75 years:

costs (for example, stroke).  |ncremental (3-1): 0.010
(95% CI: 0.006, 0.015;
p=NR)

Incremental (2—1): 0.002

(95% Cl: -0.004, 0.007;
p=NR)

Data sources

Health outcomes: People enter the model suspected of having hypertension and can be in 1 of 2 health states: suspected hypertensive (true raised BP)
and suspected normotensive (false raised BP). From here, people can move to a diagnosed state (true positive, false positive, true negative, false
negative) or a non-fatal event state (Myocardial infarction [MI], stable angina [SA], unstable angina [UA], Stroke, Transient ischaemic attack [TIA]), or
death. Repeat events are not explicitly modelled. Ml and angina are defined as coronary heart disease (CHD) events, and stroke and TIA are defined as
stroke events. In the model, CHD and stroke events are each implemented as an event state and post-event state. The prevalence of true hypertension
varies by age (data from HSE 2006 was used based on the prevalence of untreated hypertension by 10 year age bands), but a constant estimate of
sensitivity and specificity was used. Diagnostic accuracies of the measurement methods were based on a systematic review by Hodgkinson and
colleagues. A sensitivity analysis of the review was used for the accuracy in the model. It excluded studies comparing to normotensive people. ABPM is
assumed the reference standard and so sensitivity or specificity is 100%. ABPM was assumed to have a small failure rate but the other methods didn’t.
Cardiovascular risk for those with and without hypertension was calculated using Framingham risk equations (Framingham CHD risk equation and
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Framingham stroke risk equation). Risk factor inputs for each age group, by sex, were taken from the Health Survey for England (HSE) 2006 (proportion
that smoke, have diabetes, total and HDL cholesterol, Left ventricular hypertrophy (LVH) was not available and assumed 0%). The midpoint for each
range was used. The remaining risk factor of BP for hypertensives and normotensives for each age group, by sex, was calculated using HSE 2006
individual level data. The distribution of CHD and stroke events in the model (as the risk equations give the total CHD or stroke risk) into the specific CHD
and stroke health states are from the NICE statins health technology assessment (HTA) model. People who are hypertensive and receiving treatment
(true positives) receive a relative risk reduction from the treatment. These are based on a meta-analysis by Law and colleagues (2009) that presented
relative risks for CHD events and stroke stratified by pre-treatment systolic blood pressure or diastolic blood pressure and number and dose of drugs. The
probability of normotensive people becoming hypertensive in a particular 10-year age band was included. It is assumed that people who are diagnosed as
not having hypertension have their blood pressure rechecked every 5 years. It is assumed that all people in the population will be suspected of having
hypertension again at this check-up and will be re-diagnosed using the same method as previously — either repeated CBPM, HBPM or ABPM. If ABPM or
HBPM failed initially and the person was diagnosed using CBPM, it was assumed that CBPM was used again at re-diagnosis.

Quality-of-life weights: Quality of life weights (utilities) were applied to people in the model based on general population EQ-5D estimates stratified by
age and sex. This was obtained by analysing the HSE 2006 dataset. It was assumed that having hypertension did not reduce quality of life in itself and
that treatment had no impact on quality life. However, if a person had an event, then utilities were applied associated with the specific CHD or stroke
event. The NICE statins HTA model was used as a source of quality of life values following cardiovascular events.

Cost sources: The costs per person of confirming a diagnosis with CBPM, HBPM, and ABPM were £38.00, £39.13 and £53.40 respectively. The cost of
the CBPM monitor was not included, as GPs will still require clinic monitors even if HBPM or ABPM at diagnosis in instigated, so this cost will not vary
dependant on the diagnosis strategy. HBPM and ABPM device costs per use were estimated taking into account the cost of the devices, estimated typical
usage per year, calibration or servicing costs, battery costs and cuff costs. Device costs were based on prices listed in the NHS supply chain catalogue.
Uses per year were based on expert opinion. Staff costs were from PSSRU 2010. The annual cost of hypertension treatment was assumed to consist of
antihypertensive drug therapy and an annual check-up with a GP. Typical average antihypertensive drug costs were calculated taking into account the
percentage of people on 1, 2 or 3 or more drugs by 10-year age band and sex based on the HSE 2006 report. For each age-band, typical drug classes
(ACE inhibitor or ARB, CCB and diuretic) were assigned when on 1, 2 or 3 drugs based on the 2011 NICE hypertension guideline recommended
treatment algorithm. Costs for each class were based on BNF 60 costs. When people in the model experienced a cardiovascular event, they were
assigned an initial cost in the first cycle representing the acute management or diagnosis cost. In subsequent post-event cycles they were assigned an
ongoing cost representing the average costs following an event. Cost data was sought from national cost sources and published studies by non-
systematic searches. Note that the cost of hypertension management was also applied in all alive people (drug costs and 1 GP visit per year).

Comments
Source of funding: NICE Limitations: The accuracy data used does not match the clinical review.
Overall applicability: Directly applicable® Overall quality: Potentially serious limitations(®

Abbreviations: 95% CI: 95% confidence interval; CUA: cost—utility analysis; EQ-5D: Euroqol 5 dimensions (scale: 0.0 [death] to 1.0 [full health], negative values mean worse

than death); NR: not reported; pa: probabilistic analysis; QALYSs: quality-adjusted life years

@  For studies where the time horizon is longer than the treatment duration, an assumption needs to be made about the continuation of the study effect. For example, does a
difference in utility between groups during treatment continue beyond the end of treatment and if so for how long.

) Directly applicable / Partially applicable / Not applicable

() Minor limitations / Potentially serious limitations / Very serious limitations
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Appendix H: Health economic analysis —
additional information on update to
diagnostic model

Table 20: New diagnostic accuracy data analysis - deterministic results

Incremental QALYs vs

Incremental costs vs

CBPM CBPM Optimal
Subgroup HBPM ABPM HBPM ABPM strategy
Male, 40 years 0.004 0.003 -£49 -£159 ABPM
Male, 50 years 0.011 0.016 -£34 -£102 ABPM
Male, 60 years 0.018 0.029 -£28 -£72 ABPM
Male, 70 years 0.020 0.034 -£23 -£53 ABPM
Male, 75 years 0.018 0.031 -£13 -£29 ABPM
Female, 40 years 0.000 -0.003 -£67 -£218 ABPM
Female, 50 years 0.005 0.005 -£37 -£117 ABPM
Female, 60 years 0.009 0.014 -£34 -£97 ABPM
Female, 70 years 0.013 0.022 -£21 -£51 ABPM
Female, 75 years 0.009 0.015 -£11 -£29 ABPM
Figure 11:  Cost effectiveness planes for all subgroups
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ICER=incremental cost-effectiveness ratio; QALYs=quality-adjusted life years. Where a line is shown, this represents
the cost-effectiveness frontier and the ICER displayed is for HBPM compared to the lower cost intervention (ABPM)
because CBPM is dominated by HBPM. In all other scenarios, ABPM dominates (higher QALYs and lower costs).
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Table 21: New diagnostic accuracy data analysis results (probabilistic analysis) —
clinical outcome breakdown

Cardiovascular events per 1,000 Mean per person

Mi UA SA Stroke TIA Life years QALYs Disc QALYs
Male, 40 years
CBPM 125.5 554 163.4 69.5 234 3912 31.51 17.35
HBPM 125.2 55.3 163.0 69.4 23.3 39.14 31.53 17.35
ABPM 125.3 554  163.3 69.4 234 39.14 31.52 17.35
Male, 50 years
CBPM 114.1 522 154.6 71.0 232 3042 23.87 14.57
HBPM 113.6 52.0 154.0 70.7 23.0 3045 23.90 14.58
ABPM 113.5 52.0 153.8 70.6 23.0 30.46 23.92 14.59
Male, 60 years
CBPM 100.5 48.2 13241 69.7 21.3 2232 17.12 11.58
HBPM 99.9 480 1311 69.2 21.0 22.36 17.16 11.60
ABPM 99.7 479 130.5 68.9 20.9 22.39 17.18 11.61
Male, 70 years
CBPM 82.8 411 99.4 62.7 16.7  15.27 11.45 8.53
HBPM 82.0 40.7 984 61.9 16.4  15.31 11.49 8.55
ABPM 81.5 404 97.8 61.4 16.2 15.34 11.51 8.57
Male, 75 years
CBPM 71.2 35.8 845 59.3 13.8 12.26 9.02 7.01
HBPM 70.3 354 834 58.5 13.6 12.29 9.05 7.02
ABPM 69.7 35.1 82.7 57.9 13.5 12.31 9.07 7.04
Female, 40 years
CBPM 46.0 27.0 104.9 66.8 174  41.99 32.97 17.64
HBPM 45.9 26.9 104.7 66.6 174  41.99 32.97 17.64
ABPM 46.1 27.0 1051 66.8 174  41.98 32.96 17.64
Female, 50 years
CBPM 45.2 23.7 97.5 68.7 16.6  32.93 25.06 14.89
HBPM 45.1 235 96.9 68.3 16.5 32.94 25.08 14.89
ABPM 451 235 96.9 68.4 16.4 32.94 25.08 14.89
Female, 60 years
CBPM 41.9 18.0 76.6 65.7 14.2 2432 18.00 11.90
HBPM 41.7 17.8 75.8 65.1 14.0 24.34 18.02 11.91
ABPM 41.6 17.7 754 64.9 14.0 2435 18.03 11.91
Female, 70 years
CBPM 33.3 12.0 50.7 58.3 12.0 16.59 11.87 8.69
HBPM 32.8 11.9 50.0 57.3 11.8 16.61 11.89 8.70
ABPM 32.5 11.7 495 56.7 11.7 16.63 11.91 8.71
Female, 75 years
CBPM 27.2 9.1 39.8 51.5 109 13.28 9.24 7.05
HBPM 26.8 8.9 39.2 50.6 10.7 13.30 9.25 7.06
ABPM 26.6 8.9 38.8 50.0 106  13.31 9.26 7.07
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Table 22: NEW diagnostic accuracy data analysis results (probabilistic analysis) —
cost breakdown (mean per person)

Diag NT
nosi Treat check- Strok Total Disc
s ment ups MI UA SA e TIA cost Cost
Male, 40 years
CBPM £92 £1,845 £40 £1,46 £389 £120 £2,191 £59 £6,196 £2,694
0
HBPM £104 £1,784 £46 £1,45 £388 £119 £2,180 £58 £6,133 £2,659
4
ABPM £190 £1,478 £73 £1,45 £388 £119 £2,181 £58 £5941 £2564
4
Male, 50 years
CBPM £76 £1,461 £28 £1,15 £325 £105 £2,021 £54 £5225 £2,724
6
HBPM £83 £1,436 £31 £1,14 £323 £104 £2,002 £53 £5,181 £2,698
8
ABPM £139 £1,265 £46 £1,14 £322 £104 £1,996 £53 £5,068 £2,640
4
Male, 60 years
CBPM £66 £1,073 £21 £866 £260 £81 £1,701 £44 £4111 £2,536
HBPM £70 £1,066 £22 £859 £258 £80 £1,678 £43 £4,075 £2,512
ABPM £109 £968 £30 £855 £257 £79 £1,665 £43 £4,006 £2,474
Male, 70 years
CBPM £59 £709 £16 £604 £189 £53 £1,234 £29 £2,893 £2,074
HBPM £62 £713 £16 £597 £186 £52 £1,212 £28 £2,866 £2,054
ABPM £91 £657 £20 £592 £185 £52 £1,197 £28 £2,823 £2,027
Male, 75 years
CBPM £54 £567 £12 £477 £151  £43 £1,044 £22 £2,369 £1,816
HBPM £55 £582 £12 £470 £149 £42 £1,025 £21 £2,356 £1,806
ABPM £79 £554 £14 £465 £147 £42 £1,012 £21 £2,333 £1,793
Female, 40 years
CBPM £108 £1,914 £51 £512 £230 £83 £2,185 £47 £5,130 £2,064
HBPM £125 £1,813 £62 £511 £229 £83 £2,176 £47  £5,044 £2,014

ABPM £240 £1,377 £101 £513 £230 £83 £2,186 £47 £4,775 £1,878
Female, 50 years

CBPM £83 £1,581 £33 £472 £180 £72 £2,108 £41 £4,571 £2,257
HBPM £91 £1,544 £37 £469 £179 £72 £2,089 £40 £4,522 £2,230
ABPM £157 £1,327 £56 £469 £178 £72 £2,088 £40 £4,387 £2,161
Female, 60 years

CBPM £74 £1,147 £26 £391 £114 £50 £1,781 £30 £3,613 £2,151
HBPM £79 £1,128 £29 £387 £112 £50 £1,755 £29 £3,569 £2,124
ABPM £129 £982 £40 £386 £111 £50 £1,742 £29 £3,469 £2,069
Female, 70 years

CBPM £60 £802 £16 £262 £61 £29 £1,275 £21 £2,526 £1,770
HBPM £62 £811 £16 £257 £60 £28 £1,247 £21 £2501 £1,754
ABPM £90 £758 £20 £254  £59 £28 £1,227 £21 £2,457 £1,728
Female, 75 years

CBPM £57 £628 £14 £193 £40 £21 £989 £18 £1,960 £1,471
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HBPM
ABPM

Diag

nosi Treat
3 ment
£58 £639
£83 £602

NT
check-
ups
£14
£16

Mi UA
£190 £40
£187 £39

Strok
SA e TIA
£20 £969 £18
£20 £956 £17

Total
cost

£1,947
£1,921

Disc
Cost
£1,463

£1,450

Table 23 : Initial misdiagnosis per 1,000 people with suspected hypertension

(deterministic)

40 years
CBPM
HBPM
ABPM
50 years
CBPM
HBPM
ABPM
60 years
CBPM
HBPM
ABPM
70 years
CBPM
HBPM
ABPM
75 years
CBPM
HBPM
ABPM

False
positives

Male
190
125
9
Male
143
94

7
Male
115
76

Male
104
69

Male
86
57

4

False
negatives

71
38
4

106

58

126
69

134
73

147
80

Total
misdiagnosed

260
163
13

249
152
12

242
145
12

238
142
12

233

137
12

97

False
positives

Female
236
156

12

169
111
8

146

96

90
59

91
60

False
negatives

35
19

87
47

103
56

146
79

144
78

Total
misdiagnosed

272
175
14

255
158
13

250
153
12

236
138
12

235
138
12
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Figure 12: Misdiagnosis over time — false positives (deterministic, male, aged 60

years)
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500
450
400
350
Number per
1000 with
250 CBPM
suspected
hypertension . = HBPM
150 ~7
100 ABPM
50
0 IEERSEEENEEEEEENE RN NN NN E R R R R R R RN
= M~ m O N oA N N e~ 3
S m = O 0 0 o N O M~ O
o T I B I O I o
Cycle

The graph shows how the number of people in the model who have a false positive diagnosis changes over time.
Overall false positives reduce over time because people develop true hypertension and become true positives.
Peaks occur every 5 years when those who were diagnosed as not having hypertension have a blood pressure
check-up — a certain proportion of these will have a false positive diagnosis hence the number of false positives
increases. This effect diminishes over time as the number of people without a hypertension diagnosis in the
model diminishes.

Figure 13: Misdiagnosis over time - false negatives (deterministic, male, aged 60

years)
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The graph shows how the number of people in the model who have a false negative diagnosis changes over time.
Between blood pressure check-ups (every 5 years) over time, the number of false negatives increases as people
who were initially true negatives develop hypertension and so become false negatives. However, at each 5-year
check-up a certain proportion of these are correctly identified as true positives when re-diagnosed and the graph
sharply dips down.
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Appendix I: Excluded studies

Excluded clinical studies

Table 24: Studies excluded from the clinical review that were included in the previous
guideline (CG127)

Study
Bjorklund 20042°

Bobrie 200421
Bobrie 200122
Dawes 200638
Dolan 200543
Fagard 200848
Fagard 20054°
Hansen 2005%°
Hansen 200770

Hodgkinson 20117
Ingelsson 200674
Khattar 199985

Kikuya 200788
Levine 19929

Mesquita-Bastos
20103

Niiranen 2010"2°
Ohkubo 1997137

Palatini 1997141
Sakuma 1997155
Schillaci 2000158
Staessen 1999165
Stergiou 2007167

Verdecchia 2002180

Exclusion details

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Systematic review, references checked
No relevant outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes, study conducted before the cut-off date of 2000

Incorrect study design; identifying ABPM diagnostic thresholds

Incorrect study design; behaviour change study investigating adherence,
study conducted before the cut-off date of 2000

Incorret study design; prognostic study related to monitoring

No relevant outcomes

No relevant outcomes, incorrect comparison; not diagnostic accuracy,
study conducted before the cut-off date of 2000

Incorrect comparison; assessment not diagnosis, study conducted
before the cut-off date of 2000

Incorrect population; people with a history of stroke, study conducted
before the cut-off date of 2000

Incorrect study design; prognostic study predicting cardiovascular events
from ABPM

Incorrect study design; prognostic study predicting cardiovascular events
from ABPM, study conducted before the cut-off date of 2000)

Incorrect study design; prognostic study predicting cardiovascular events
from HBPM

Incorrect study design, no relevant outcomes; prognostic study
predicting cardiovascular events, no diagnostic accuracy data
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Study
Verdecchia 1998181

Exclusion details
Incorrect study design, no relevant outcomes. Study was predicting

cardiovascular events based on pulse pressure as measured by ABPM,
study conducted before the cut-off date of 2000

Verdecchia 1997182

Incorrect study design; not diagnostic accuracy study, prognostic

outcomes, study conducted before the cut-off date of 2000

Reference
Abellan-Huerta 2018
Agnoletti 20142
Ahmed 20033
Almeida 2013#
Almeida 2014°
Altunkan 20027
Altunkan 20076
Anderson 20138
Andreadis 2012°
Andreadis 201710
Appel 19901
Banegas 200912
Banegas 20174
Bassein 198515
Bassein 198516
Bayo 20067
Beaubien 200218
Beckett 20051°
Bjorklund 200420

Bobrie 200122
Bobrie 200421

Botomino 200523
Bottini 199224
Braam 200525
Braun 199926
Brook 2000%7

Cai 201728
Cappelleri 20172°
Cheng 200731
Cheng 201330
Chrubasik 200733
Chrubasik-Hausmann 200732
Clark 199134
Clement 199835

Table 25: Studies excluded from the clinical review

Reason for exclusion

Wrong intervention

Incorrect comparison

No relevant outcomes

Incorrect population

Incorrect population

Incorrect comparison

No useable outcomes

Literature review

No relevant outcomes

Reference standard doesn't match protocol

This review had a publication cut-off date of 2000
Incorrect population

Incorrect population, no relevant outcomes

This review had a publication cut-off date of 2000
This review had a publication cut-off date of 2000
Incorrect population; protocol not in English
Incorrect population

Incorrect population

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect population

This review had a publication cut-off date of 2000
Systematic review; references checked

No accuracy outcomes

Review of studies — no relevant outcomes
incorrect population (inpatients)

Incorrect comparison

Incorrect study design

incorrect comparison

Incorrect population

incorrect population, no outcomes of interest
No useable outcomes

No accuracy outcomes
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Reference
Conway 19883
Cox 199337
Dawes 200638

Di Monaco 201640
Dieterle 19984
Divison 200442
Dolan 200543

Durme 200044
Dzien 2000%°
Elijovich 199246
Espinosa 201147
Fagard 20054°

Fagard 200848

Fitzgerald 198151
Fitzgerald 198250
Floras 198152
Flores 200053
Gazzola 201755
Gonzalvo 201158
Gorostidi 2013%°
Gould 198261
Gould 198460
Gourlay 199362
Grezzana 201463
Grezzana 2017654
Gums 201595
Gurpreet 2008%6
Hamilton 2003¢7
Hansen 199168
Hansen 200569

Hansen 200770

Hodgkinson 20117
Hoegholm 199472
Imai 199673

Ingelsson 200674
Irving 20167°
Jegatheswaran 201776
Johnson 199977

Jula 199978

Kang 201580

Kang 20167°

Reason for exclusion
This review had a publication cut-off date of 2000
This review had a publication cut-off date of 2000

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

incorrect population
Incorrect comparison
Incorrect comparison

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect comparison
Incorrect population
Incorrect population
No relevant outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

This review had a publication cut-off date of 2000
Incorrect population

No relevant outcomes

Incorrect population

No relevant outcomes

Incorrect comparison

Incorrect population — chronic kidney disease

No useable outcomes

Incorrect comparison, Incorrect population

This review had a publication cut-off date of 2000
incorrect population

Incorrect population

Incorrect comparison

Incorrect comparison

Incorrect comparison

This review had a publication cut-off date of 2000

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Incorrect study design; not diagnostic accuracy study, prognostic
outcomes

Systematic review; references checked

No accuracy outcomes

This review had a publication cut-off date of 2000

No relevant outcomes

SR included non-RCTs, incorrect comparisons

Systematic review references checked, no useable outcomes
This review had a publication cut-off date of 2000

No relevant outcomes

Incorrect population

Incorrect comparison
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Reference

Kario 201481

Kay 199882
Kengne 201483
Ker 199884
Khattar 199985

Ki 201386

Kikuya 200287
Kikuya 200788
Kim 20188°
Kjeldsen 1998%
Larkin 199892
Lehmann 1998%
Levine 1992%
Little 20029

Ma 2009°7
Macdonald 20089
Maestri 2005%°
Mallion 2005100
Mandal 1997101
Mann 1992102
Mar 1998104
Masding 2001105
Maseko 2011106
Massierer 2016107
McCall 1981108
McGowan 2010199
Mengden 2011111
Merrick 1997112
Mesquita-Bastos 20103
Modesti 1994114
Moller 2003115
Mgaller 2003116
Morgado 2011117
Mourad 200518
Mueller 1997119
Myers 2009122
Myers 201212
Nascimento 2011123
Nasothimiou 2012124
Nasothimiou 2012125
Nasrolahi 2013126
Niiranen 2006130
Noguchi 2013131
Nolly 2008132
Nong 2012133

Reason for exclusion

Incorrect population

No useable outcomes

Incorrect population

No useable outcomes

Incorrect study design, before cut-off date of 2000
Incorrect comparison

Incorrect comparison

Incorrect study design

Incorrect population, wrong intervention

No relevant outcomes

This review had a publication cut-off date of 2000
This review had a publication cut-off date of 2000
Incorrect study design, before cut-off date of 2000
Incorrect population; not suspected hypertension
incorrect comparison

Incorrect comparisons

Incorrect population, incorrect comparison
incorrect comparison

No relevant outcomes

This review had a publication cut-off date of 2000
Incorrect comparison

Incorrect population

Incorrect population

Incorrect comparison

Incorrect study design

Incorrect population

No relevant outcomes

This review had a publication cut-off date of 2000
Incorret study design

This review had a publication cut-off date of 2000
No relevant outcomes

Incorrect population

incorrect comparison

Incorrect comparisons

Incorrect population, before cut-off date

No relevant outcomes

Incorrect comparison

Not English

Incorrect population

No relevant outcomes

Conference abstract

No relevant outcomes

Incorrect comparison

Incorrect comparison

Short report only
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Reference
Ogedegbe 2005135
Ogedegbe 2008136
Ohkubo 1997157

Owens 1999138
Padwal 201540
Palatini 1997141
Pang 200642
Patino 2013144
Pierin 2008146
Rajzer 2007147
Reino 201548
Reino-Gonzalez 2017149
Ringrose 201715
Ringrose 2018150
Rodrigues 2009152
Rutan 1992153
Sabater 2012154
Sakuma 1997155
Salazar 2018156
Santamore 200857
Schillaci 2000158
Schwartz 2016150
Scisney 2009160
Selenta 200016
Song 2001163
Souza 2011164
Staessen 1999165
Stephan 1993166
Stergiou 1997171
Stergiou 1998172
Stergiou 2005169
Stergiou 2007167
Stergiou 2011168
Thomas 2017173
Tian 2015174
Tochikubo 2003175
Trudel 2009177
Verdecchia 1997182
Verdecchia 1998181

Verdecchia 2002180
Walma 1995183
Warren 2010784
Watson 1998185
Weber 1986186

Reason for exclusion
Abstract
Incorrect population

No relevant outcomes, incorrect comparison, before cut-off date of
2000

This review had a publication cut-off date of 2000
Incorrect population

Incorrect comparison, before cut-off date of 2000
No relevant outcomes

Non English

Incorrect population

Not in English

Incorrect population

Systematic review; references checked

Time duration not specified, incorrect study design
No relevant outcomes

Incorrect population

This review had a publication cut-off date of 2000
No relevant outcomes

Incorrect population, before cut-off date of 2000
Wrong intervention

No relevant outcomes

Incorrect study design;

Incorrect population

No accuracy outcomes

Incorrect population

Not in English

No relevant outcomes

Incorrect study design, before cut-off date of 2000
Not in English; This review had a publication cut-off date of 2000
This review had a publication cut-off date of 2000
This review had a publication cut-off date of 2000
Incorrect population

Incorrect study design

Conference Abstract

incorrect population, no relevant outcomes
Incorrect comparison

Incorrect comparison

Incorrect population

Incorrect study design, study conducted pre-2000

Incorrect study design, no relevant outcomes, before cut-off date of
2000

Incorrect study design, no relevant outcomes
incorrect comparison

no relevant to extract

Incorrect comparison

This review had a publication cut-off date of 2000
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Wing 2018187 Wrong comparisons

Wittenberg 1994188 No useable outcomes

Yan 2009189 Incorrect study design; not a diagnostic accuracy study
Yang 2016190 No relevant outcomes; not a diagnostic accuracy study
Zabludowski 199219 This review had a publication cut-off date of 2000
Zillich 200593 Incorrect comparison

.2 Excluded health economic studies

Table 26: Studies excluded from the health economic review

Fukunaga 200854 This study is a comparative costing study comparing the addition of
HBPM versus no HBPM in a population positive for hypertension on
CBPM.

This study was assessed as partially applicable with very serious

limitations. Also given that a more applicable UK analysis®® was
available, this study was selectively excluded.

Krakoff 2006°' This study is a comparative costing study comparing the addition of
ABPM versus no ABPM in a population screening positive for
hypertension on CBPM.

This study was assessed as not applicable because it is a US study
and therefore costs would not be applicable to the UK. This was
included in the last guideline; however, health economic literature
inclusion criteria have since changed, and there was also a more
applicable UK analysis available.

Pessanha 2013145 This study is a comparative costing study comparing the addition of
ABPM versus no ABPM in a population positive for hypertension on
CBPM.
This study was assessed as partially applicable with very serious
limitations. Also given that a more applicable UK analysis® was
available, this study was selectively excluded.
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