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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updated or withdrawn.
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Targets

1 1 Targets
1.1

4

Review question: Should targets used for antihypertensive
therapy be based on blood pressure, cardiovascular risk or
a combination of both?

5

Introduction

2
3

1.2

6
7
8
9
10
11
12
13
14
15

In individuals diagnosed with hypertension, the current treatment approach is to lower blood
pressure to a target value to reduce their risk of future cardiovascular events. An alternative
approach would be to target a reduction in cardiovascular risk directly, rather than aim for a
blood pressure target. It is foreseeable that this might be achieved through a combination of
antihypertensive therapy, lifestyle changes, lipids-lowering medication and other medications
that act on the cardiovascular system. The potential advantage of this alternative approach is
that it might remove the necessity for regular blood pressure monitoring with an associated
time and cost savings for both the person with hypertension and healthcare providers. This
chapter reviews the evidence of whether targets for antihypertensive therapy should be
based on blood pressure, cardiovascular risk or a combination of both.

1.3 16 PICO table
17 For full details, see the review protocol in appendix A.
18 Table 1: PICO characteristics of review question
Population

Population: Adults (over 18 years) with primary hypertension
Stratify by: presence or absence of type 2 diabetes

Intervention(s)

Blood pressure targets
Cardiovascular risk targets
Combination of blood pressure target and cardiovascular risk target

Comparison(s)

• Types of targets compared to each other
• Blood pressure and cardiovascular risk targets combined compared to either
target type alone
• No target

Outcomes

Critical
• All-cause mortality
• Health-related quality of life
• Stroke (ischaemic or haemorrhagic)
• Myocardial infarction (MI)
Important
• Heart failure needing hospitalisation
• Vascular procedures (including lower limb, coronary and carotid artery
procedures)
• Angina needing hospitalisation
• Discontinuation or dose reduction due to side effects
• Resource use
• Side effect 1: Acute kidney injury
• Side effect 2: New onset diabetes
• Side effect 3: Change in creatinine or estimated glomerular filtration rate
(eGFR)

© National Institute for Health and Care Excellence, 2019
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• Side effect 4: Hypotension (dizziness)
• [Combined cardiovascular disease outcomes in the absence of MI and stroke
data]
• [Coronary heart disease outcome in the absence of MI data]
Study design

1.4

1

Randomised control trials (RCT) and systematic reviews (SR)

Methods and process

2 This evidence review was developed using the methods and process described in
3 Developing NICE guidelines: the manual.78 Methods specific to this review question are
4 described in the review protocol in appendix A.
5 Declarations of interest were recorded according to NICE’s 2014 conflicts of interest policy.

1.5

6

Clinical evidence

1.5.1 7 Included studies
8 No relevant clinical studies comparing different types of targets were identified.
9 See also the study selection flow chart in appendix C.

1.5.210 Excluded studies
11 See the excluded studies list in appendix I.

1.5.312 Summary of clinical studies included in the evidence review
13 No relevant clinical studies were identified.

1.5.414 Quality assessment of clinical studies included in the evidence review
15 No relevant clinical studies were identified.

1.6 16 Economic evidence
1.6.117 Included studies
18 No relevant health economic studies were identified.

1.6.219 Excluded studies
20 No health economic studies that were relevant to this question were excluded due to
21 assessment of limited applicability or methodological limitations.
22 See also the health economic study selection flow chart in appendix G.

1.6.323 Resource costs
24 See section 2.6.3.

© National Institute for Health and Care Excellence, 2019
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1.7

1

Evidence statements

1.7.1 2 Clinical evidence statements
3 No relevant published evidence was identified.

1.7.2 4 Health economic evidence statements
5 No relevant economic evaluations were identified.

© National Institute for Health and Care Excellence, 2019
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Blood pressure targets

2 1 Blood pressure targets
2.1
2.2

3

Review question: What is the optimum blood pressure
target for adults with treated primary hypertension?

4

Introduction

2

5
6
7
8
9
10

The risks associated with hypertension continue to increase as blood pressure rises.
Therefore, when an individual is diagnosed with hypertension, the current aim of treatment
(pharmacological or otherwise) is to reduce blood pressure to a lower level, thus reducing the
risk of future cardiovascular events. This lower blood pressure level (or target) is selected
based on the benefit of reducing future cardiovascular events but balanced against the risk
associated with having a blood pressure that is too low.

11
12
13
14
15
16

Since the last guideline was published in 2011, there have been multiple randomised
controlled trials (RCT) that have investigated whether the blood pressure target should be
lower than that which is currently set (generally less than 140/90 mmHg depending on
comorbidities). These studies have resulted in significant debate within the medical
community as to what the optimum blood pressure target should be. This chapter reviews the
evidence from these and other studies to try to identify the optimum blood pressure target.

2.3 17 PICO table
18 For full details, see the review protocol in appendix A.
19 Table 2: PICO characteristics of review question
Population

Population: Adults (over 18 years) with primary hypertension
• Stratify by: presence or absence of type 2 diabetes

Intervention(s)

Blood pressure or cardiovascular risk targets
• Systolic blood pressure targets:
o Below120 mmHg
o 120—129 mmHg
o 130–139 mmHg
o 140–59 mmHg
o 160 mmHg or higher
• Diastolic blood pressure targets:
o Below 80 mmHg
o 80–84 mmHg
o 85–89 mmHg
o 90–94 mmHg
o 95 mmHg or higher

Comparison

Compared to each other

Outcomes

Critical
• All-cause mortality
• Health-related quality of life
• Stroke (ischaemic or haemorrhagic)
• Myocardial infarction (MI)
Important
• Heart failure needing hospitalisation
• Vascular procedures (including lower limb, coronary and carotid artery
procedures)

© National Institute for Health and Care Excellence, 2019
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•
•
•
•
•
•
•
•

Angina needing hospitalisation
Discontinuation or dose reduction due to side effects
Resource use
Side effect 1: Acute kidney injury
Side effect 2: New onset diabetes
Side effect 3: Change in creatinine or eGFR
Side effect 4: Hypotension (dizziness)
[Combined cardiovascular disease outcomes in the absence of MI and stroke
data]
• [Coronary heart disease outcome in the absence of MI data]
Study design

2.4

1

RCTs, systematic reviews (SR)

Methods and process

2 This evidence review was developed using the methods and processes described in
3 Developing NICE guidelines: the manual.78 Methods specific to this review question are
4 described in the review protocol in appendix A.
5 Declarations of interest were recorded according to NICE’s 2018 conflicts of interest policy.

2.5

6

Clinical evidence

2.5.1 7 Included studies
8 When setting the protocol for this review question, the committee agreed a priori that in the
9 absence of evidence informing whether blood pressure or cardiovascular risk should be
10 used, this question would focus on blood pressure targets, which is current clinical practice.
11
12
13
14
15

Three studies were included in the review; these are summarised in Table 3 below. 1, 2, 20, 31,
81, 91, 111, 118
Evidence from these studies is summarised in the clinical evidence summary
below (Table 4). These studies compared the following:
• Systolic blood pressure of below120 mmHg versus below 140 mmHg (2 studies)
• Systolic blood pressure of below 130 mmHg versus below 140 mmHg (1 study)

16 See also the study selection flow chart in appendix C, study evidence tables in appendix D,
17 forest plots in appendix E and GRADE tables in appendix F.

2.5.218 Excluded studies
19
20
21
22
23

Four Cochrane reviews relevant to this review question were identified. Garrison 201743 was
excluded because the population included people with established cardiovascular disease
and crossover trials were included. Arguedas 20096 and Arguedas 20135 were excluded due
to including people with various chronic renal conditions or previous cardiovascular disease,
who were excluded from this review protocol.

24 See the excluded studies list in appendix I.
25
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Study

Intervention and comparison

Population

Outcomes

Comments

ACCORD study
group, 20101

(n=1,558) Intervention 1:
Systolic blood pressure (BP)
targets <120 mmHg

Primary hypertension and
type 2 diabetes (subgroup
analysis of those without
previous cardiovascular
disease (CVD); n=3,140).

At 4.7 years:
• Composite outcome of
stroke (non-fatal), MI (nonfatal), and CVD (fatal)

Participants also randomised to
either intensive or standard
glycaemic control in a 2x2
factorial design.

(n=1,582) Intervention 2:
Systolic BP targets <140
mmHg

BP measured using an automated
device (Omron
907) after 5 minutes rest with the
participant seated in a chair
(average of 3 measurements).

Aged 40 years and older
(mean 62.2 years)
Systolic BP between 130
and 180 mmHg (mean
153.3/89.8 mmHg)

SPRINT Study
Group 2015
(Wright
2015118;Ambrosiu
s 20142; 20, 31, 81, 91)

(n=3,348) Intervention 1:
Systolic BP targets <120mmHg
(n=3,367) Intervention 2:
Systolic BP targets <140
mmHg

Primary hypertension without
type 2 diabetes (subgroup
analysis of those without
chronic kidney disease
[CKD]; n=6,715)
Mean age 66.3 years. 22%
of participants were above
the age of 74
14% had clinical CVD
61% had Framingham risk
score above 15% (mean
23.9)
Mean standard deviation
(SD) baseline BP 139.9/79.5

At 3.26 years:
• All-cause mortality
• Stroke
• MI
• Heart failure
• Resource use (mean
reduction in Systolic BP,
mean number of pills)
• Acute kidney injury
(defined by creatinine)
• >30% reduction in eGFR
• Hypotension
• Orthostatic hypotension
with and without dizziness
• Syncope
• Injurious falls

Titration of medications to target
is based on a mean of 3 office
blood pressure measurements
obtained in the seated position
using an automated
measurement device (Omron
Healthcare, Lake Forest, IL,
USA).
Actual strategy for blood pressure
measurement varied within
SPRINT. The majority of
participants (n=4,082) were alone
throughout measurement. 2,247
participants were never alone,
1,746 were alone for the rest
period only, and 570 were alone
for BP measurement only (Note

Hypertension in adults: DRAFT FOR CONSULTATION

2 Table 3: Summary of studies included in the evidence review

Blood pressure targets

© National Institute for Health and Care Excellence, 2019
11

2.5.3 1 Summary of clinical studies included in the evidence review

Population
(15.4/11.5) mmHg (Systolic
BP range 130–180 mmHg)

Outcomes
• Resource use (mean BP)

Comments
that these numbers include the
CKD population).
Downgraded for indirectness due
to methods of measuring blood
pressure

Cardio-SIS,
Verdecchia
2009111

(n=558) Intervention 1: Systolic
BP targets <130 mmHg
(n=553) Intervention 2: Systolic
BP targets <140 mmHg

Primary hypertension without
type 2 diabetes (n=1,111)
Aged 55 years and older
(mean 67 [7] years)
Systolic BP of 150 mmHg or
over

At 2 years:
• All-cause mortality
• Stroke
• MI
• Heart failure requiring
hospitalisation
• Resource use (mean BP
reduction, mean number of
pills)
• Dizziness

Participants were taking
antihypertensive treatment for at
least 12 weeks and had 1
additional risk factor as described
in the guidelines of European
Society of Hypertension (ESH)
BP measured with standard
mercury sphygmomanometers,
after people had been seated for
at least 10 minutes. BP was the
average of 3 consecutive
readings at every visit

1 See appendix D for full evidence tables.

2.5.4 2 Quality assessment of clinical studies included in the evidence review
3 Table 4: Clinical evidence summary: Below 120 mmHg versus below 140 mmHg (non-diabetic population)

Outcomes
All-cause mortality

No of
Participant
s
(studies)
Follow up

Quality of the
evidence
(GRADE)

Relative
effect
(95% CI)

6,715
(1 study)
3.26 years

LOW 1,2
due to imprecision,
indirectness

RR 0.74
(0.56 to
0.98)

Anticipated absolute effects
Risk with
Control

Risk difference with 120 mmHg versus 140 mmHg
(95% CI)

34 per 1,000

9 fewer per 1,000 (from 1 fewer to 15 fewer)

Hypertension in adults: DRAFT FOR CONSULTATION

Intervention and comparison

Blood pressure targets
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Study

Relative
effect
(95% CI)

Stroke

6,715
(1 study)
3.26 years

VERY LOW 1,2
due to imprecision,
indirectness

MI

6,715
(1 study)
3.26 years

Heart failure

Risk with
Control

Risk difference with 120 mmHg versus 140 mmHg
(95% CI)

RR 0.82
(0.53 to
1.28)

13 per 1,000

2 fewer per 1,000 (from 6 fewer to 4 more)

LOW 1,2
due to imprecision,
indirectness

RR 0.75
(0.53 to
1.07)

21 per 1,000

5 fewer per 1,000 (from 10 fewer to 1 more)

6,715
(1 study)
3.26 years

MODERATE2 due
to indirectness

RR 0.44
(0.26 to
0.73)

14 per 1,000

8 fewer per 1,000 (from 4 fewer to 11 fewer)

Acute kidney injury (KDIGO
modified criteria based on
serum creatinine
concentration only; stages
1, 2 and 3)

6,715
(1 study)
3.26 years

MODERATE2 due
to indirectness

RR 2.17
(1.48 to
3.18)

11 per 1,000

13 more per 1,000 (from 5 more to 25 more)

More than 30% reduction in
eGFR

6,715
(1 study)
3.26 years

MODERATE2 due
to indirectness

RR 3.52
(2.49 to
4.99)

12 per 1,000

30 more per 1,000 (from 18 more to 47 more)

Hypotension (serious
adverse event)

6,693
(1 study)
3.26 years

MODERATE2 due
to indirectness

RR 2.11
(1.35 to
3.29)

8 per 1,000

9 more per 1,000 (from 3 more to 19 more)

Orthostatic hypotension
(with dizziness); 20 mmHg
drop in systolic or a10
mmHg drop in diastolic BP
at 1 minute after standing

6,693
(1)
3.26 years

LOW 1,2
due to imprecision,
indirectness

RR 0.79
(0.52 to
1.21)

14 per 1,000

3 fewer per 1,000 (from 7 fewer to 3 more)

Orthostatic hypotension
(without dizziness); 20
mmHg drop is systolic of 10
mmHg drop in diastolic BP
at 1 minute after standing

6,693
(1)
3.26 years

LOW 1,2
due to imprecision,
indirectness

RR 0.86
(0.77 to
0.96)

166 per
1,000

23 fewer per 1,000 (from 7 fewer to 38 fewer)

Outcomes

Hypertension in adults: DRAFT FOR CONSULTATION

Quality of the
evidence
(GRADE)

Anticipated absolute effects

Blood pressure targets
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No of
Participant
s
(studies)
Follow up

Relative
effect
(95% CI)

Syncope (serious adverse
event or emergency
department visit)

6,693
(1)
3.26 years

LOW 1,2
due to imprecision,
indirectness

Injurious falls, defined as a
fall that resulted in
evaluation in an emergency
department or that resulted
in hospitalisation

6,693
(1 study)
3.26 years

LOW 1,2
due to imprecision,
indirectness

Mean systolic BP

6,715
(1 study)
6 months

Mean number of
medications

6,715
(1 study)
3.26 years

Risk with
Control

Risk difference with 120 mmHg versus 140 mmHg
(95% CI)

RR 1.53
(1.14 to
2.06)

21 per 1,000

11 more per 1,000 (from 3 more to 22 more)

RR 1.24
(0.93 to
1.64)

25 per 1,000

6 more per 1,000 (from 2 fewer to 16 more)

LOW 2
due to indirectness

Control
group mean
not reported

The mean blood pressure was 15mmHg lower in the
intervention group (14.7 lower to 15.4 lower)

LOW 2
due to indirectness

Mean
number of
medications
in the control
group was
1.8

The mean number of medications in the intervention
groups was 1 higher (0.94 to 1.06 higher)

1

Downgraded by 1 increment if the confidence interval crossed 1 MID or by 2 increments if the confidence interval crossed both MIDs.
The majority of the evidence included an indirect outcome or intervention (downgrade by 1 increment) or a very indirect outcome or intervention (downgrade by 2
increments)
2

1 Table 5: Clinical evidence summary: Below 120 mmHg versus below 140 mmHg (diabetic population)

Outcomes
Cardiovascular events: Stroke (non-fatal), MI (non-fatal), CVD
(fatal)

No of
Participan
ts
(studies)
Follow up

Quality of the
evidence
(GRADE)

3,140
(1 study)
4.7 years

LOW 1
due to
imprecision

Relativ
e
effect
(95%
CI)

Anticipated absolute effects
Risk
with
Contr
ol

Risk difference with 120
mmHg versus 140 mmHg
(diabetic population; 95% CI)

RR
0.93

15 per
1,000

1 fewer per 1,000 (from 7 fewer
to 10 more)

Hypertension in adults: DRAFT FOR CONSULTATION

Quality of the
evidence
(GRADE)

Anticipated absolute effects

Blood pressure targets
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Outcomes

No of
Participant
s
(studies)
Follow up

1

Anticipated absolute effects
Risk
with
Contr
ol

Risk difference with 120
mmHg versus 140 mmHg
(diabetic population; 95% CI)

Downgraded by 1 increment if the confidence interval crossed 1 MID or by 2 increments if the confidence interval crossed both MIDs.

1 Table 6: Clinical evidence summary: Below 130 mmHg versus below 140 mmHg (non-diabetic population)

Outcomes

No of
Participant
s
(studies)
Follow up

Anticipated absolute effects
Quality of the
evidence
(GRADE)

Relative
effect
(95% CI)

Risk with
Control

Risk difference with <130 mmHg versus <140
mmHg (non-diabetic population; 95% CI)

All-cause mortality

1,111
(1 study)
2 years

LOW 1
due to imprecision

RR 0.79
(0.21 to
2.94)

9 per 1,000

2 fewer per 1,000 (from 7 fewer to 18 more)

Stroke

1,141
(1 study)
2 years

LOW 1
due to imprecision

RR 0.46
(0.14 to
1.5)

15 per 1,000

8 fewer per 1,000 (from 13 fewer to 8 more)

MI

1,111
(1 study)
2 years

LOW 1
due to imprecision

RR 0.66
(0.19 to
2.33)

11 per 1,000

4 fewer per 1,000 (from 9 fewer to 14 more)

Heart failure admission

1,111
(1 study)
2 years

LOW 1
due to imprecision

RR 0.42
(0.11 to
1.63)

13 per 1,000

7 fewer per 1,000 (from 11 fewer to 8 more)

Dizziness (hypotension)

1,111
(1 study)
2 years

VERY LOW 1,2,3
due to risk of bias,
indirectness,
imprecision

RR 0.5
(0.09 to
2.69)

7 per 1,000

4 fewer per 1,000 (from 7 fewer to 12 more)

Mean reduction in systolic BP
(mmHg)

1,111
(1 study)
2 years

MODERATE1
due to imprecision

The mean
reduction in
systolic blood
pressure in the

The mean reduction in blood pressure in the
intervention groups was 3.8 lower (5.07 to 2.53
lower)

Hypertension in adults: DRAFT FOR CONSULTATION

Outcomes

Quality of the
evidence
(GRADE)

Relativ
e
effect
(95%
CI)
(0.52 to
1.67)

Blood pressure targets
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No of
Participan
ts
(studies)
Follow up

Quality of the
evidence
(GRADE)

Relative
effect
(95% CI)

Risk with
Control
control group
was -23.5

Risk difference with <130 mmHg versus <140
mmHg (non-diabetic population; 95% CI)

Downgraded by 1 increment if the confidence interval crossed 1 MID or by 2 increments if the confidence interval crossed both MIDs
Downgraded by 1 increment if the majority of the evidence was at high risk of bias and downgraded by 2 increments if the majority of the evidence was at very high risk of
bias
3 The majority of the evidence included an indirect outcome (downgrade by 1 increment) or a very indirect outcome (downgrade by 2 increments)
2

1 See appendix F for full GRADE tables.
2
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1

Anticipated absolute effects

Blood pressure targets
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Outcomes

No of
Participant
s
(studies)
Follow up

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

2.6

1

Economic evidence

2.6.1 2 Included studies
3 No relevant health economic studies were identified.

2.6.2 4 Excluded studies
5 Three economic studies relating to this review question were identified but were excluded
6 due to limited applicability.34, 59, 87 These are listed in appendix I, with the reasons for
7 exclusion.
8 See also the health economic study selection flow chart in appendix G.

2.6.3 9 Resource costs
10
11
12
13

Lower blood pressure targets tend to be associated with more intensive treatment, which
creates a resource difference in terms of both drugs and monitoring as well as potential
adverse events. However, a lower blood pressure is also generally associated with lower
cardiovascular events which would be associated with cost savings.

14

© National Institute for Health and Care Excellence, 2019
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2.7

1

Evidence statements

2.7.1 2 Clinical evidence statements
3 Below 120 mmHg versus 140 mmHg (non-diabetic population)
4
5
6
7
8
9

Low quality evidence from 1 study with a total of 6,715 participants showed a clinically
important benefit of a target of below 120 mmHg compared to 140 mmHg for all-cause
mortality and MI at 3.26 years. Moderate quality evidence from this study showed a clinically
important benefit of below 120 mmHg for heart failure at 3.26 years but an increased
incidence of acute kidney injury, greater reduction in eGFR and increased occurrence of
hypotension.

10
11
12
13

Low quality evidence from the same study did not demonstrate a difference between targets
for occurrence of stroke or orthostatic hypotension. However, there was an clinically
important increase in incidence of syncope and injurious falls with a target of below 120
mmHg but a greater reduction in blood pressure at 3.26 years (low quality evidence).

14 Below 120 mmHg versus 140 mmHg (diabetic population)
15 Low quality evidence from 1 study with a total of 3,140 participants showed no clinically
16 important difference between targets for occurrence of major cardiovascular events at 4.7
17 years.
18 Below 130 mmHg versus 140 mmHg (non-diabetic population)
19
20
21
22
23
24

Low quality evidence from 1 study with a total of 1,111 participants showed a clinically
important benefit for a target of below 130 mmHg in terms of all-cause mortality, stroke and
heart failure admissions at 2 years and showed no clinically important difference for MI at 2
years. However, evidence from the same study did not demonstrate a difference between
targets for dizziness (very low quality evidence) or mean reduction in blood pressure
(moderate quality evidence).

2.7.225 Health economic evidence statements
26 No relevant economic evaluations were identified.

2.8 27 Recommendations
28 For guidance on blood pressure control in people with chronic kidney disease (with or without
29 type 2 diabetes), see NICE’s guideline on chronic kidney disease in adults: assessment and
30 management.
31 D1. Reduce clinic blood pressure to below 140/90 mmHg and maintain that level in adults
32
with hypertension aged under 80. [2019]
33 D2. Reduce clinic blood pressure to below 150/90 mmHg and maintain that level in adults
34
with hypertension aged 80 and over. Use clinical judgement for people with frailty or
35
multimorbidity (see also NICE’s guideline on multimorbidity). [2019]
36 D3. Measure standing blood pressure (see recommendation 1.1.6) in adults with
37
hypertension:
38
• with type 2 diabetes or
39
• with symptoms of postural hypotension or
40
• aged 80 and over.
© National Institute for Health and Care Excellence, 2019
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1
2

In people with a significant postural drop or symptoms of postural hypotension, treat to a
blood pressure target based on standing blood pressure. [2019]

3 D4. When using ABPM or HBPM to monitor the response to treatment in adults with
4
hypertension, use the average blood pressure level taken during the person’s usual
5
waking hours (see recommendations 1.2.7 and 1.2.8). Reduce and maintain blood
6
pressure at the following levels:
7
• below 135/85 mmHg for adults aged under 80
8
• below 145/85 mmHg for adults aged 80 and over.
9
10

Use clinical judgement for people with frailty or multimorbidity (see also NICE’s guideline
on multimorbidity). [2019]

11 2.8.1 Research recommendations
12 RR1. What is the optimum blood pressure target for people aged over 80 with treated
13
primary hypertension?
14 See also the rationale in appendix J.

2.9 15 The committee’s discussion of the evidence
16 2.9.1 Interpreting the evidence
17 2.9.1.1 The outcomes that matter most
18
19
20
21
22
23

The committee considered all-cause mortality, quality of life, stroke and myocardial infarction
to be critical outcomes for decision-making. Heart failure, angina, vascular procedures,
adverse events and resource use were also considered important outcomes for decisionmaking. These outcomes and prioritisation were applied for both review questions, however
no evidence was identified for any outcome for the question informing whether
cardiovascular risk or blood pressure targets should be used.

24
25
26
27

For the second question focussing on the most appropriate blood pressure target in the
population without type 2 diabetes, evidence was identified for all outcomes other than
angina and vascular procedures. In the type 2 diabetes population, the only evidence
identified was an indirect outcome of major cardiovascular events.

28 2.9.1.2 The quality of the evidence
29 No evidence was identified for the first question.
30
31
32
33
34
35
36
37
38
39

For the question informing the most appropriate blood pressure target the evidence ranged
from very low to moderate quality due mainly to imprecision and indirectness. The committee
agreed that the majority of evidence was indirect due to issues related to the population and
intervention, and this was consequently difficult to interpret. One of the reasons for
intervention indirectness was related to 1 study measuring blood pressure using an
automated technique set on a delay, which is not current standard practice in the UK. The
committee agreed that blood pressure values using these methods could be lower than those
determined using methods common in UK clinical practice and would be impractical to
implement in a UK setting. As a result, some of the evidence for blood pressure targets could
not be easily translated to recommendations.
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1 2.9.1.3 Benefits and harms
2
3
4
5
6
7
8
9

Due to the lack of any relevant evidence comparing the use of blood pressure targets and
cardiovascular risk based targets, the committee agreed to follow their a-priori decision if this
scenario occurred that the evidence review should focus on blood pressure targets. It was
agreed that as aiming for a target blood pressure when managing hypertension was current
clinical practice and with an absence of evidence it would be inappropriate to change
practice to aiming specifically for a lower cardiovascular risk. This was agreed as the most
appropriate decision both in terms of feasibility in clinical practice, but also for people with
hypertension who would be more familiar with monitoring their blood pressure in this way.

10 Hypertension without type 2 diabetes
11
12
13
14
15
16
17

The committee discussed the evidence for blood pressure targets in people with
hypertension without type 2 diabetes, for which 2 studies were identified. The committee
discussed a large trial conducted in the US, which compared clinic systolic blood pressure
targets of 120 mmHg to 140 mmHg. The committee raised substantial concerns about the
methodology used within the trial and agreed that the evidence did not reflect current
methods of measuring blood pressure in a UK setting. As a result, the committee agreed that
this evidence was insufficient to change the currently recommended blood pressure target.

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

One of the committee’s main concerns was related to the use of an automated blood
pressure device set on a time delay in the trial, which is not current standard practice within
the UK and does not translate easily to the blood pressure values or targets generated from
methods used in the UK. In this trial, staff set a measurement delay of 5 minutes and then
blood pressure measurements were taken after this time. During the procedure, staff could
leave the room, and the average of the readings could be used as the blood pressure
measurement. The committee noted that this differs from automated measurements where
the healthcare professional would remain in the room while the blood pressure
measurements were being taken. The committee agreed that automated devices used with a
rest period without the healthcare professional in the room could give lower values than the
methods used for similar devices in day-to-day UK clinical practice, with some evidence
suggesting the difference could be as much as 13 mmHg. The committee agreed that this
was another factor that resulted in less generalisable evidence because a systolic blood
pressure target of 120 mmHg or 140 mmHg within this evidence could not be directly
translated to the same target within UK practice. These differences in practice therefore cast
doubt on the treatment effect reported, and the committee could not infer how these methods
and results could be translated to current UK practice.

35
36
37
38
39
40
41
42

The committee discussed the practicality of implementing an automated measurement
technique in the UK and discussed whether it would be feasible due to the resource impact
this would have in providing the devices; most clinical practice settings would have to adapt
current practices to meet the requirements of automated measurement (for example,
allocating more staff time for blood pressure measurement and providing rooms for the quiet
resting period required). Although the committee noted that some specialist services might
already use automated devices in this way, this is likely to be a very small number of less
than 1% of services.

43
44
45
46
47
48
49
50
51

The treat-to-target protocol used in the evidence down-titrated participants’ medication if their
blood pressure fell below the pre-specified target. For example, in the standard treatment
group (<140 mmHg systolic target), medications were reduced if participants’ systolic blood
pressure fell below 130 mmHg on a single visit or less than 135 mmHg on 2 consecutive
visits. The committee had concerns that this method significantly contrasted UK current
practice, as most healthcare professionals would not reduce medication after a target had
been reached unless people became symptomatic with a low blood pressure. The committee
also noted that the most common drug taken away in this study was diuretics, and the
number of participants taking thiazide diuretics at follow-up differed between the 2
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1 intervention arms of the study. The committee noted that this could have biased the heart
2 failure outcome identified in this review because diuretics are known to improve the
3 symptoms of heart failure.
4
5
6
7
8
9
10

The committee had considerable concerns about the applicability of the population in the
evidence: the population had a mean systolic blood pressure of 139/90 mmHg at baseline,
which would be defined as well controlled based on current definitions in UK, particularly as a
third of participants had a systolic blood pressure of less than 132 mmHg at baseline.
Although it was unclear how many participants were ‘down-titrated’, the committee noted that
participants in the 140 mmHg target group may not have required any additional treatment,
or could have been ‘down-titrated’.

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

The population also had a high cardiovascular risk, with a Framingham cardiovascular risk
score of 15% on treatment. The committee agreed it was difficult to infer what the benefit of a
lower target might be in a population with a lower risk than this. Over 90% of the population
were taking between 1–3 antihypertensive treatments at baseline, which means the actual
untreated baseline blood pressure was not known, leading to further difficulties in translating
this evidence to recommendations. The committee discussed the age of participants within
the evidence and agreed that this evidence was less generalisable to older or frailer people
with hypertension. The mean age of participants in the evidence was 66.3 years, and 22% of
participants were above the age of 74. The study also excluded residents in nursing homes.
Although the criteria state that residence in an assisted living facility (approximately
equivalent to residential care in the UK) was not an exclusion, no assisted living residents
were enrolled. Also, people thought to have a prognosis of less than 3 years were excluded,
as were those with dementia and those with ‘any factors judged by the clinical team to be
likely to limit adherence to interventions’. The committee agreed to retain recommendations
for a target of 150/90 mmHg in this older population.

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Despite the limited applicability of the evidence, the committee agreed that the evidence
showed a benefit of a lower target for mortality, myocardial infarction and heart failure.
However, the evidence also showed moderate harms of the lower target in terms of acute
kidney injury, hypotension and injurious falls and no clinically important difference for stroke.
The committee discussed this benefit and harms trade off and agreed that to some extent the
harms of the lower target could outweigh the benefits, although further evidence was needed
to identify the longer-term implications of the adverse events associated with lower blood
pressure targets. The committee noted that the injurious falls outcome was defined as severe
falls resulting in hospitalisation and agreed that this was an important outcome to consider,
particularly in terms of the implications this could have for elderly populations. The committee
also agreed that the increased risk of acute kidney injury highlighted in this review could be
detrimental to people’s health. However, the committee noted that a longer follow-up time
was needed to understand the full implications of this outcome; it was unclear whether this
effect would be maintained in the long term or improve or worsen over time, with participants
followed up for a median time of 3.26 years. There was concern that the large US trial
included within this evidence was discontinued early, which means that longer-term
implications, both positive and negative, are unknown.

43
44
45
46
47
48
49
50
51
52

The committee also discussed evidence comparing systolic blood pressure targets of 140
mmHg to 130 mmHg. The evidence was low quality, from 1 relatively small study, and the
committee agreed that although this suggested a benefit of lower treatment targets, it was
insufficient to make a new recommendation. The evidence showed a clinically important
benefit for mortality, stroke and heart failure admissions. There was no clinically important
difference for myocardial infarction, dizziness, and blood pressure difference. Other key
factors that the committee took into account were that participants were treated at baseline,
thus making it difficult to determine how these blood pressure targets related to a newly
diagnosed untreated population. The committee also noted that evidence for adverse events
was limited only to dizziness. The committee agreed that other adverse event outcomes such
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1 as acute kidney injury were particularly important outcomes for decision-making for this
2 question.
3 Hypertension with type 2 diabetes
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

The evidence for different blood pressure targets for people with type 2 diabetes was limited.
The review identified a subgroup analysis of a large trial in participants who did not have
previous cardiovascular events. There was no clinically important difference for major
cardiovascular events between clinic systolic blood pressure targets of 120 mmHg compared
to 140 mmHg. The committee had considerable concerns about the applicability of the
population within the evidence. Some participants had a baseline systolic blood pressure
below 140 mmHg, which would be defined as well controlled in UK current practice. The
committee agreed that the evidence was flawed, and therefore made interpretation of the
results difficult. The results suggested no benefit of lowering the blood pressure target for
people with type 2 diabetes although there was no evidence for most of the individual
outcomes sought in this review. The committee were unsure why there would not be a
benefit of treatment in this population compared to the possible benefit of treatment seen in
the population without type 2 diabetes; therefore, the committee agreed that there was not
enough evidence to inform recommendations. The committee discussed the previous targets
of 140/80 mmHg in the type 2 diabetes guideline (NG28), which were based on consensus. It
agreed there was not enough evidence related to lower diastolic blood pressure to retain this
recommendation and that the target should be the same for people irrespective of presence
of type 2 diabetes.

22
23
24
25
26
27
28
29
30
31

The previous recommendations for people with type 2 diabetes (in NICE’s guideline on type
2 diabetes) also suggested a blood pressure target below 130/80 mmHg in the presence of
kidney, cerebrovascular or eye disease. The committee noted that the evidence behind this
recommendation was based on 2 small studies in people without hypertension. Furthermore,
these 2 studies were not designed to measure the benefit of treatment in people who already
had target organ damage, but rather the studies predominantly assessed the incidence of
target organ damage based on a target diastolic blood pressure. The committee therefore
agreed that there was insufficient evidence to recommend a different blood pressure target
for this subgroup. They noted that people post-stroke and with later-stage chronic kidney
disease are covered by other NICE guidelines.

32 Summary
33
34
35
36
37
38
39

Taking the evidence into account as a whole, along with the substantial limitations of the
evidence, the committee agreed that it couldn’t recommend a lower blood pressure target.
The committee agreed that the harms of treatment and limitations of the evidence,
particularly in terms of indirectness and lack of applicability, could not be ignored. It therefore
agreed that the evidence could not inform altering the existing recommendations, as there
was limited information to assess fully whether there is a benefit of a lower target and if this
outweighs the associated harms.

40 2.9.2 Cost effectiveness and resource use
41 Three economic studies relating to this review were identified but excluded due to limited
42 applicability.
43
44
45
46
47
48
49

Lower blood pressure targets tend to be associated with more intensive treatment, which
creates a resource difference in terms of both drugs and monitoring as well as potential
adverse events. However, a lower blood pressure is also generally associated with lower
cardiovascular events. If a low target strategy leads to fewer events, then this is likely to lead
to a higher quality of life for an average cohort than a standard target strategy, as there
would be fewer people dying and fewer people having events. The cost effectiveness of a
lower target depends on whether the QALY gain of the lower target intervention compared to
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1 that of a standard target intervention is large enough to justify any additional cost of the more
2 intensive strategy.
3
4
5
6

The clinical review showed that there are differences in resource use between a low and high
target strategy in terms of needing on average 1 more drug in the low target group. This led
to more adverse events, but lower blood pressure and less mortality and cardiovascular
events for some outcomes.

7
8
9
10
11
12
13
14
15

The committee’s discussion focused around the SPRINT study and its methodological flaws,
as that was a debate necessary in order to decide if the outcomes of the study were felt to be
valid. The overall conclusion was that there are many limitations to SPRINT such as how it
does not match the population on the guideline review clinical protocol, as we are talking
about newly diagnosed people; the participants were considered high risk; and the
measurement method in the SPRINT study was not considered appropriate. The concerns
about how to translate the targets and blood pressures in the trial to clinical practice because
of the population being on treatment already, for example, was also problematic in trying to
equate those values in the SPRINT trial to values in a recommendation.

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

The middle ground decided upon was that the target currently in the recommendation from
the previous guideline of 140/90 mmHg should be a consistent target. The committee wanted
to emphasise that a target of 140/90 mmHg is a target that should be achieved (in other
words, the blood pressure should be below this level) and maintained when the person is
subsequently monitored (which should be annual according to the guideline). It was
mentioned that in practice it takes around 1.9 tablets to get to a target of 140 mmHg systolic
blood pressure. At the moment, the current target is not achieved in approximately 50% of
people, so a more rigorous approach to making sure the target is met is likely to mean more
resource use is required in terms of medication and follow-up or monitoring. This may have a
knock-on effect of more adverse events but also a reduction in cardiovascular events.
Evidence from other reviews in this guideline have shown that antihypertensive treatment is
effective (review 3.1), and the cost effectiveness of antihypertensives is well established (as
shown through the first line drugs model in the 2011 version of this guideline). Therefore,
although the clinical evidence was not felt strong enough, for the reasons described above,
to lower the target, the committee felt strongly that it should be reinforced that the target
previously recommended should be met with more robustness in practice. This is likely to be
a cost effective use of resources due to the events avoided and quality of life gained through
stricter control of the target.

34
35
36
37
38
39
40
41
42

The recommendations have remained split by age over and under 80. The target for people
aged over 80 (150/90 mmHg) was informed mainly by evidence from the HYVET study,
which was identified in the previous guideline (CG127). This study was not included within
this evidence review because it compared a blood pressure target to placebo treatment,
rather than comparing different blood pressure targets to each other. The committee agreed
that there was no new evidence to challenge this recommendation, and that there is a lack of
data specifically on people aged over 80. Therefore, the recommendations have been carried
forward, with the reinforcement of maintaining blood pressure consistently below the target;
however, a research recommendation has been drafted in order to inform future guidance.

43
44
45
46
47
48
49
50
51
52

In people with type 2 diabetes, the previous recommendations in NG2879 had a target of
140/80 mmHg. The clinical evidence identified in this review for this population compared a
target of systolic blood pressure of 140 mmHg to 120 mmHg. The committee felt this did not
support that the target should be lowered for those with hypertension and type 2 diabetes
beyond a stricter recommendation to maintain blood pressure below 140 mmHg. The
committee discussed how this would be a slight difference to the previous recommendation
in the type 2 diabetes guideline due to the diastolic blood pressure target difference. This
might lead to less treatment as the diastolic target is slightly higher (that is, moving from
140/80 mmHg to 140/90 mmHg for people with type 2 diabetes); however, generally it is the
systolic target that is followed. The recommendations in the diabetes guideline on a lower
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1
2
3
4
5
6
7
8
9
10

target (below 130/80 mmHg) for those with kidney, eye or cerebrovascular damage were
discussed, and the committee’s opinion on the evidence that informed that recommendation
was that it was not in the right population. There was no evidence for this population
identified in this guideline because this guideline is not covering the comorbidities
populations referred to. The committee felt that this recommendation did not need to be
carried forward because it was not based on strong evidence. Some of these comorbid
populations covered as part of the diabetes guideline would already be covered in other
guidelines e.g. those with hypertension, diabetes and CKD should follow the targets in the
CKD guideline (77). Therefore the population with hypertension and diabetes referred to here
are those with no major renal impairment.

11
12
13
14

Additionally, some new recommendations were made to ensure measurement of blood
pressure is happening properly. Measuring postural blood pressure could mean that less
treatment is needed if the postural blood pressure is assessed against the target, which
tends to be lower, rather than the sitting blood pressure.

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Overall, the recommendations are likely to lead to tighter target control in a hypertensive
population, as current practice doesn’t always maintain the target recommended in the
previous guideline. This is likely to have a resource impact in terms of additional monitoring
and treatment required to get those to the target that are not currently meeting the target,
given that there may be a large proportion of people with uncontrolled hypertension
according to the health survey for England. For those with diabetes without co-morbidities,
the diabetes guideline also had stricter wording in terms of people needing to meet
‘consistently’ the recommended targets, hence that population is already likely to be more
well controlled. Those with diabetes and co-morbidities that are not covered by other
guidelines, now have slightly more flexibility in their (new) blood pressure target, which is
likely similar to previously attained levels. This may mean less treatment, monitoring and
fewer adverse events in some cases, but the majority of people with hypertension and
diabetes are also likely to have target organ damage for example, albuminuria and therefore
would be either be maintained on current treatment or their initiation on treatment will be
covered in other guidance.

© National Institute for Health and Care Excellence, 2019
24

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1

References

2 1.
3
4

Accord Study Group, Cushman WC, Evans GW, Byington RP, Goff DC, Jr., Grimm
RH, Jr. et al. Effects of intensive blood-pressure control in type 2 diabetes mellitus.
New England Journal of Medicine. 2010; 362(17):1575-85

5 2.
6
7
8

Ambrosius WT, Sink KM, Foy CG, Berlowitz DR, Cheung AK, Cushman WC et al.
The design and rationale of a multicenter clinical trial comparing two strategies for
control of systolic blood pressure: The Systolic Blood Pressure Intervention Trial
(SPRINT). Clinical Trials. 2014; 11(5):532-546

9 3.
10

Anonymous. Hypertension: Targeting 120 mmHg: Survival benefit after 3 years, but
high renal risk. Prescrire International. 2017; 26(178):21-2

11 4.
12

Arguedas JA. Blood pressure targets: Are clinical guidelines wrong? Current Opinion
in Cardiology. 2010; 25(4):350-4

13 5.
14
15

Arguedas JA, Leiva V, Wright JM. Blood pressure targets for hypertension in people
with diabetes mellitus. Cochrane Database of Systematic Reviews 2013, Issue 10.
Art. No.: CD008277. DOI: https://dx.doi.org/10.1002/14651858.CD008277.pub2.

16 6.
17
18

Arguedas JA, Perez MI, Wright JM. Treatment blood pressure targets for
hypertension. Cochrane Database of Systematic Reviews 2009, Issue 3. Art. No.:
CD004349. DOI: https://dx.doi.org/10.1002/14651858.CD004349.pub2.

19 7.
20
21

Arima H, Chalmers J, Woodward M, Anderson C, Rodgers A, Davis S et al. Lower
target blood pressures are safe and effective for the prevention of recurrent stroke:
The PROGRESS trial. Journal of Hypertension. 2006; 24(6):1201-8

22 8.
23

Aronow WS, Shamliyan TA. Blood pressure targets for hypertension in patients with
type 2 diabetes. Annals of Translational Medicine. 2018; 6(11):199

24 9.
25
26

Asayama K. Observational study and participant-level meta-analysis on
antihypertensive drug treatment-related cardiovascular risk. Hypertension Research.
2017; 40(10):856-860

27 10.
28
29

Bai Z, Chang J, Chen C, Li P, Yang K, Chi I. Investigating the effect of transcendental
meditation on blood pressure: A systematic review and meta-analysis. Journal of
Human Hypertension. 2015; 29(11):653-62

30 11.
31
32

Baker S, Priest P, Jackson R. Using thresholds based on risk of cardiovascular
disease to target treatment for hypertension: Modelling events averted and number
treated. BMJ. 2000; 320(7236):680-685

33 12.
34
35
36

Bangalore S, Gong Y, Cooper-DeHoff RM, Pepine CJ, Messerli FH. 2014 Eighth Joint
National Committee panel recommendation for blood pressure targets revisited:
Results from the INVEST study. Journal of the American College of Cardiology. 2014;
64(8):784-93

37 13.
38
39

Bangalore S, Kumar S, Volodarskiy A, Messerli FH. Blood pressure targets in
patients with coronary artery disease: Observations from traditional and Bayesian
random effects meta-analysis of randomised trials. Heart. 2013; 99(9):601-13

40 14.
41
42

Bangalore S, Rimoldi SF, Messerli FH. A randomized trial of intensive versus
standard blood-pressure control. New England Journal of Medicine. 2016;
374(23):2293

© National Institute for Health and Care Excellence, 2019
25

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 15.
2
3

Bangalore S, Toklu B, Gianos E, Schwartzbard A, Weintraub H, Ogedegbe G et al.
Optimal systolic blood pressure target after SPRINT: Insights from a network metaanalysis of randomized trials. American Journal of Medicine. 2017; 130(6):707-719.e8

4 16.
5
6

Barry HC. Meta-analysis: Intensive BP control decreases major CV events and
stroke, but not MI, heart failure, or mortality. American Family Physician. 2016;
93(12):1036-7

7 17.
8
9

Bavishi C, Bangalore S, Messerli FH. Outcomes of intensive blood pressure lowering
in older hypertensive patients. Journal of the American College of Cardiology. 2017;
69(5):486-493

10 18.
11
12

Beddhu S, Chertow GM, Cheung AK, Cushman WC, Rahman M, Greene T et al.
Influence of baseline diastolic blood pressure on effects of intensive compared with
standard blood pressure control. Circulation. 2018; 137(2):134-143

13 19.
14
15
16

Beddhu S, Greene T, Boucher R, Cushman WC, Wei G, Stoddard G et al. Intensive
systolic blood pressure control and incident chronic kidney disease in people with and
without diabetes mellitus: Secondary analyses of two randomised controlled trials.
The Lancet Diabetes & Endocrinology. 2018; 6(7):555-563

17 20.
18
19
20

Beddhu S, Rocco MV, Toto R, Craven TE, Greene T, Bhatt U et al. Effects of
intensive systolic blood pressure control on kidney and cardiovascular outcomes in
persons without kidney disease: A secondary analysis of a randomized trial. Annals
of Internal Medicine. 2017; 167(6):375-383

21 21.
22
23

Benavente OR, Coffey CS, Conwit R, Hart RG, McClure LA, Pearce LA et al. Bloodpressure targets in patients with recent lacunar stroke: The SPS3 randomised trial.
The Lancet. 2013; 382(9891):507-15

24 22.
25
26

Berlowitz DR, Foy CG, Kazis LE, Bolin LP, Conroy MB, Fitzpatrick P et al. Effect of
intensive blood-pressure treatment on patient-reported outcomes. New England
Journal of Medicine. 2017; 377(8):733-744

27 23.
28
29
30

Blackburn DJ, Krishnan K, Fox L, Ballard C, Burns A, Ford GA et al. Prevention of
Decline in Cognition after Stroke Trial (PODCAST): A study protocol for a factorial
randomised controlled trial of intensive versus guideline lowering of blood pressure
and lipids. Trials. 2013; 14:401

31 24.
32
33
34

Blood Pressure Lowering Treatment Trialists Collaboration, Turnbull F, Neal B,
Ninomiya T, Algert C, Arima H et al. Effects of different regimens to lower blood
pressure on major cardiovascular events in older and younger adults: Meta-analysis
of randomised trials. BMJ. 2008; 336:7653

35 25.
36
37
38
39

Bohm M, Schumacher H, Teo KK, Lonn E, Mahfoud F, Mann JFE et al. Achieved
diastolic blood pressure and pulse pressure at target systolic blood pressure (120140 mmHg) and cardiovascular outcomes in high-risk patients: Results from
ONTARGET and TRANSCEND trials. European Heart Journal. 2018; 39(33):31053114

40 26.
41

Brubaker PH. A randomized trial of intensive versus standard blood-pressure control.
Journal of Cardiopulmonary Rehabilitation and Prevention. 2016; 36(2):140-141

42 27.
43
44

Brunstrom M, Carlberg B. Association of blood pressure lowering with mortality and
cardiovascular disease across blood pressure levels: A systematic review and metaanalysis. JAMA Internal Medicine. 2018; 178(1):28-36

45 28.
46

Burla MJ, Brody AM, Ference BA, Flack JM, Mahn JJ, Marinica AL et al. Blood
pressure control and perceived health status in African Americans with subclinical

© National Institute for Health and Care Excellence, 2019
26

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1
2

hypertensive heart disease. Journal of the American Society of Hypertension. 2014;
8(5):321-9

3 29.
4
5

Cardio-Sis Study Group. Randomized study of traditional versus aggressive systolic
blood pressure control (Cardio-Sis): Rationale, design and characteristics of the study
population. Journal of Human Hypertension. 2008; 22(4):243-51

6 30.
7
8

Chang TI, Reboussin DM, Chertow GM, Cheung AK, Cushman WC, Kostis WJ et al.
Visit-to-visit office blood pressure variability and cardiovascular outcomes in SPRINT
(Systolic Blood Pressure Intervention Trial). Hypertension. 2017; 70(4):751-758

9 31.
10
11

Cheung AK, Rahman M, Reboussin DM, Craven TE, Greene T, Kimmel PL et al.
Effects of intensive BP control in CKD. Journal of the American Society of
Nephrology. 2017; 28(9):2812-2823

12 32.
13
14
15

Chi G, Jamil A, Jamil U, Balouch MA, Marszalek J, Kahe F et al. Effect of intensive
versus standard blood pressure control on major adverse cardiac events and serious
adverse events: A bivariate analysis of randomized controlled trials. Clinical and
Experimental Hypertension. 2018:1-8

16 33.
17

Chrysant SG. Aggressive systolic blood pressure control in older subjects: Benefits
and risks. Postgraduate Medicine. 2018; 130(2):159-165

18 34.
19
20

Clarke PM, Gray AM, Briggs A, Stevens RJ, Matthews DR, Holman RR. Cost-utility
analyses of intensive blood glucose and tight blood pressure control in type 2
diabetes (UKPDS 72). Diabetologia. 2005; 48(5):868-877

21 35.
22
23
24

Cushman WC, Cohen JD, Jones RP, Marbury TC, Rhoades RB, Smith LK.
Comparison of the fixed combination of enalapril/diltiazem ER and their
monotherapies in stage 1 to 3 essential hypertension. American Journal of
Hypertension. 1998; 11(1 Pt 1):23-30

25 36.
26
27
28

Daskalopoulou SS, Khan NA, Quinn RR, Ruzicka M, McKay DW, Hackam DG et al.
The 2012 Canadian hypertension education program recommendations for the
management of hypertension: blood pressure measurement, diagnosis, assessment
of risk, and therapy. Canadian Journal of Cardiology. 2012; 28(3):270-87

29 37.
30
31
32

Drawz PE, Pajewski NM, Bates JT, Bello NA, Cushman WC, Dwyer JP et al. Effect of
intensive versus standard clinic-based hypertension management on ambulatory
blood pressure: Results from the SPRINT (Systolic Blood Pressure Intervention Trial)
ambulatory blood pressure study. Hypertension. 2017; 69(1):42-50

33 38.
34
35

Estacio RO, Coll JR, Tran ZV, Schrier RW. Effect of intensive blood pressure control
with valsartan on urinary albumin excretion in normotensive patients with type 2
diabetes. American Journal of Hypertension. 2006; 19(12):1241-1248

36 39.
37
38

Estacio RO, Jeffers BW, Gifford N, Schrier RW. Effect of blood pressure control on
diabetic microvascular complications in patients with hypertension and type 2
diabetes. Diabetes Care. 2000; 23(Suppl 2):B54-64

39 40.
40
41

Fan F, Yuan Z, Qin X, Li J, Zhang Y, Li Y et al. Optimal systolic blood pressure levels
for primary prevention of stroke in general hypertensive adults: Findings from the
CSPPT (China Stroke Primary Prevention Trial). Hypertension. 2017; 69(4):697-704

42 41.
43

Feldstein C, Julius S. Establishing targets for hypertension control in patients with
comorbidities. Current Hypertension Reports. 2010; 12(6):465-73

44 42.
45
46

Fletcher K, Mant J, McManus R, Hobbs R. The stroke prevention programme: a
programme of research to inform optimal stroke prevention in primary care.
Programme Grants for Applied Research. 2016; 4(3)

© National Institute for Health and Care Excellence, 2019
27

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 43.
2
3
4

Garrison SR, Kolber MR, Korownyk CS, McCracken RK, Heran BS, Allan GM. Blood
pressure targets for hypertension in older adults. Cochrane Database of Systematic
Reviews 2017, Issue 8. Art. No.: CD011575. DOI:
https://dx.doi.org/10.1002/14651858.CD011575.pub2

5 44.
6
7
8

Gould B, McCourt R, Hill MD, Asdaghi N, Dowlatshahi D, Jeerakathil T et al. Acute
blood pressure reduction in intracerebral hemorrhage patients does not increase
hypoperfused tissue volume: A CT perfusion threshold study. Stroke. 2013; 44(Suppl
1):AWP 295

9 45.
10

Gradman AH. The elusive search for optimal blood pressure targets. Current
Hypertension Reports. 2017; 19(8):63

11 46.
12
13
14

Hassanein A, Desai A, Verma A, Oparil S, Izzo J, Rocha R et al. EXCEED: Exforgeintensive control of hypertension to evaluate efficacy in diastolic dysfunction: Study
rationale, design, and participant characteristics. Therapeutic Advances in
Cardiovascular Disease. 2009; 3(6):429-39

15 47.
16
17
18

Ho CLB, Sanders S, Doust J, Breslin M, Reid CM, Nelson MR. Legacy effect of
delayed blood pressure-lowering pharmacotherapy in middle-aged individuals
stratified by absolute cardiovascular disease risk: Protocol for a systematic review.
JMIR Research Protocols. 2017; 6(9):e177

19 48.
20
21
22

Hosohata K, Saito S, Asayama K, Ohkubo T, Kikuya M, Metoki H et al. Progress
report on the hypertension objective treatment based on measurement by electrical
devices of blood pressure (HOMED-BP) study: Status at February 2004. Clinical and
Experimental Hypertension. 2007; 29(1):69-81

23 49.
24
25

Howard BV, Roman MJ, Devereux RB, Fleg JL, Galloway JM, Henderson JA et al.
Effect of lower targets for blood pressure and LDL cholesterol on atherosclerosis in
diabetes: The SANDS randomized trial. JAMA. 2008; 299(14):1678-1689

26 50.
27

Hyman DJ, Taffet GE. Blood pressure control in the elderly: Can you have too much
of a good thing? Current Hypertension Reports. 2009; 11(5):337-42

28 51.
29
30

Ichihara A, Hayashi M, Koura Y, Tada Y, Hirota N, Saruta T. Long-term effects of
intensive blood-pressure lowering on arterial wall stiffness in hypertensive patients.
American Journal of Hypertension. 2003; 16(11 Pt 1):959-65

31 52.
32
33

Ishikawa S, Kario K, Kayaba K, Gotoh T, Nago N, Nakamura Y et al. Continued high
risk of stroke in treated hypertensives in a general population: The Jichi Medical
School Cohort study. Hypertension Research. 2008; 31(6):1125-33

34 53.
35
36
37

Ismail-Beigi F, Craven TE, O'Connor PJ, Karl D, Calles-Escandon J, Hramiak I et al.
Combined intensive blood pressure and glycemic control does not produce an
additive benefit on microvascular outcomes in type 2 diabetic patients. Kidney
International. 2012; 81(6):586-94

38 54.
39
40

Jafar TH, Jehan I, Liang F, Barbier S, Islam M, Bux R et al. Control of blood pressure
and risk attenuation: Post trial follow-up of randomized groups. PloS One. 2015;
10(11):e0140550

41 55.
42
43
44

Janssen PG, Gorter KJ, Stolk RP, Rutten GE. Randomised controlled trial of
intensive multifactorial treatment for cardiovascular risk in patients with screendetected type 2 diabetes: 1-year data from the ADDITION Netherlands study. British
Journal of General Practice. 2009; 59(558):43-8

45 56.
46
47

JATOS Study Group. The Japanese Trial to Assess Optimal Systolic Blood Pressure
in Elderly Hypertensive Patients (JATOS): Protocol, patient characteristics, and blood
pressure during the first 12 months. Hypertension Research. 2005; 28(6):513-20

© National Institute for Health and Care Excellence, 2019
28

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 57.
2
3

JATOS Study Group. Principal results of the Japanese trial to assess optimal systolic
blood pressure in elderly hypertensive patients (JATOS). Hypertension Research.
2008; 31(12):2115-27

4 58.
5
6

Johnson KC, Whelton PK, Cushman WC, Cutler JA, Evans GW, Snyder JK et al.
Blood Pressure Measurement in SPRINT (Systolic Blood Pressure Intervention Trial).
Hypertension. 2018; 71(5):848-857

7 59.
8
9
10

Jonsson B, Hansson L, Stalhammar NO. Health economics in the Hypertension
Optimal Treatment (HOT) study: Costs and cost-effectiveness of intensive blood
pressure lowering and low-dose aspirin in patients with hypertension. Journal of
Internal Medicine. 2003; 253(4):472-480

11 60.
12
13
14

Karmali KN, Lloyd-Jones DM, van der Leeuw J, Goff DC, Jr., Yusuf S, Zanchetti A et
al. Blood pressure-lowering treatment strategies based on cardiovascular risk versus
blood pressure: A meta-analysis of individual participant data. PLoS Medicine / Public
Library of Science. 2018; 15(3):e1002538

15 61.
16
17

Kawano Y, Ogihara T, Saruta T, Goto Y, Ishii M. Association of blood pressure
control and metabolic syndrome with cardiovascular risk in elderly Japanese: JATOS
study. American Journal of Hypertension. 2011; 24(11):1250-6

18 62.
19
20

Kjeldsen SE, Jamerson KA, Bakris GL, Pitt B, Dahlof B, Velazquez EJ et al.
Predictors of blood pressure response to intensified and fixed combination treatment
of hypertension: The ACCOMPLISH study. Blood Pressure. 2008; 17(1):7-17

21 63.
22
23

Lachouri M, Gourlet V, D'Athis P, Tzourio C, Quantin C. Changes in blood pressure in
a large cohort of elderly individuals: Study 3C. Archives of Cardiovascular Diseases.
2009; 102(2):127-34

24 64.
25
26
27

Lee TC, Cavalcanti RB, McDonald EG, Pilote L, Brophy JM. Diastolic hypotension
may attenuate benefits from intensive systolic targets: Secondary analysis of a
randomized controlled trial. American Journal of Medicine. 2018; 131(10):1228-1233
e1

28 65.
29

Liu P, Zheng JG. Blood pressure targets in the hypertensive elderly. Chinese Medical
Journal. 2017; 130(16):1968-1972

30 66.
31
32

Ma J, Li H, Liu Y, You C, Huang S, Ma L. Effects of intensive blood pressure lowering
on intracerebral hemorrhage outcomes: A meta-analysis of randomized controlled
trials. Turkish Neurosurgery. 2015; 25(4):544-51

33 67.
34

Mancia G, Grassi G. Blood pressure targets in type 2 diabetes. Evidence against or in
favour of an aggressive approach. Diabetologia. 2018; 61(3):517-525

35 68.
36
37
38

Mancia G, Kjeldsen SE, Zappe DH, Holzhauer B, Hua TA, Zanchetti A et al.
Cardiovascular outcomes at different on-treatment blood pressures in the
hypertensive patients of the VALUE trial. European Heart Journal. 2016; 37(12):955964

39 69.
40
41

Manning L, Hirakawa Y, Arima H, Wang X, Chalmers J, Wang J et al. Blood pressure
variability and outcome after acute intracerebral haemorrhage: A post-hoc analysis of
INTERACT2, a randomised controlled trial. Lancet Neurology. 2014; 13(4):364-73

42 70.
43
44
45

Mariampillai JE, Eskas PA, Heimark S, Kjeldsen SE, Narkiewicz K, Mancia G. A case
for less intensive blood pressure control: It matters to achieve target blood pressure
early and sustained below 140/90mmHg. Progress in Cardiovascular Diseases. 2016;
59(3):209-218

© National Institute for Health and Care Excellence, 2019
29

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 71.
2
3
4

McBrien K, Rabi DM, Campbell N, Barnieh L, Clement F, Hemmelgarn BR et al.
Intensive and standard blood pressure targets in patients with type 2 diabetes
mellitus: Systematic review and meta-analysis. Archives of Internal Medicine. 2012;
172(17):1296-303

5 72.
6
7

McCormick BB, Hiremath S, Ruzicka M, Muskiet MH, Tonneijck L, Smits MM et al. A
randomized trial of intensive versus standard blood-pressure control. New England
Journal of Medicine. 2016; 374(23):2290-95

8 73.
9
10
11

McManus RJ, Mant J, Haque MS, Bray EP, Bryan S, Greenfield SM et al. Effect of
self-monitoring and medication self-titration on systolic blood pressure in hypertensive
patients at high risk of cardiovascular disease: The TASMIN-SR randomized clinical
trial. JAMA. 2014; 312(8):799-808

12 74.
13
14

Miskulin DC, Gassman J, Schrader R, Gul A, Jhamb M, Ploth DW et al. BP in
dialysis: Results of a pilot study. Journal of the American Society of Nephrology.
2018; 29(1):307-316

15 75.
16

Moon KT. Effects of intensive blood pressure control in patients with diabetes
mellitus. American Family Physician. 2011; 83(5):613

17 76.
18

Mosenkis A, Townsend RR. Diastolic blood pressure control: How low is too low?
Journal of Clinical Hypertension. 2004; 6(6):351-2

19 77.
20
21
22

National Clinical Guideline Centre. Chronic kidney disease: early identification and
management of chronic kidney disease in adults in primary and secondary care.
NICE clinical guideline 182. London. National Clinical Guideline Centre, 2014.
Available from: http://guidance.nice.org.uk/CG182

23 78.
24
25
26

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

27 79.
28
29

National Institute for Health and Care Excellence. Type 2 diabetes in adults:
management. NICE guideline 28. London. National Institute for Health and Care
Excellence, 2015. Available from: https://www.nice.org.uk/guidance/ng28

30 80.
31
32
33

Nielsen OW, Sajadieh A, Sabbah M, Greve AM, Olsen MH, Boman K et al. Assessing
optimal blood pressure in patients with asymptomatic aortic valve stenosis: The
Simvastatin Ezetimibe in Aortic Stenosis Study (SEAS). Circulation. 2016;
134(6):455-68

34 81.
35
36
37

Obi Y, Kalantar-Zadeh K, Shintani A, Kovesdy CP, Hamano T. Estimated glomerular
filtration rate and the risk-benefit profile of intensive blood pressure control amongst
nondiabetic patients: A post hoc analysis of a randomized clinical trial. Journal of
Internal Medicine. 2018; 283(3):314-327

38 82.
39
40

Odden MC, McClure LA, Sawaya BP, White CL, Peralta CA, Field TS et al. Achieved
blood pressure and outcomes in the secondary prevention of small subcortical
strokes trial. Hypertension. 2016; 67(1):63-9

41 83.
42
43
44

Ogihara T, Nakao K, Fukui T, Fukiyama K, Fujimoto A, Ueshima K et al. The optimal
target blood pressure for antihypertensive treatment in Japanese elderly patients with
high-risk hypertension: A subanalysis of the Candesartan Antihypertensive Survival
Evaluation in Japan (CASE-J) trial. Hypertension Research. 2008; 31(8):1595-1601

45 84.
46
47

Ogihara T, Saruta T, Rakugi H, Matsuoka H, Shimamoto K, Shimada K et al. Target
blood pressure for treatment of isolated systolic hypertension in the elderly: Valsartan
in elderly isolated systolic hypertension study. Hypertension. 2010; 56(2):196-202

© National Institute for Health and Care Excellence, 2019
30

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 85.
2
3

Papadopoulou E, Angeloudi E, Karras S, Sarafidis P. The optimal blood pressure
target in diabetes mellitus: A quest coming to an end? Journal of Human
Hypertension. 2018; 32(10):641-650

4 86.
5
6

Park JH, Ovbiagele B, Hong KS, Kwon SU. Association of systolic blood pressure
with progression of symptomatic intracranial atherosclerotic stenosis. Journal of
Stroke. 2017; 19(3):304-311

7 87.
8
9
10

Penaloza-Ramos MC, Jowett S, Barton P, Roalfe A, Fletcher K, Taylor CJ et al. Costeffectiveness analysis of different systolic blood pressure targets for people with a
history of stroke or transient ischaemic attack: Economic analysis of the PAST-BP
study. European Journal of Preventive Cardiology. 2016; 23(15):1590-8

11 88.
12
13
14

Pergola PE, White CL, Szychowski JM, Talbert R, Brutto OD, Castellanos M et al.
Achieved blood pressures in the secondary prevention of small subcortical strokes
(SPS3) study: Challenges and lessons learned. American Journal of Hypertension.
2014; 27(8):1052-60

15 89.
16
17
18

Pool JL, Glazer R, Crikelair N, Levy D. The role of baseline blood pressure in guiding
treatment choice: A secondary analysis of the use of valsartan/hydrochlorothiazide as
initial therapy in hypertensive adults in a randomized, double-blind, placebocontrolled trial. Clinical Drug Investigation. 2009; 29(12):791-802

19 90.
20
21

Rakugi H, Ogihara T, Goto Y, Ishii M. Comparison of strict- and mild-blood pressure
control in elderly hypertensive patients: A per-protocol analysis of JATOS.
Hypertension Research. 2010; 33(1):1124-1128

22 91.
23
24
25

Rocco MV, Sink KM, Lovato LC, Wolfgram DF, Wiegmann TB, Wall BM et al. Effects
of intensive blood pressure treatment on acute kidney injury events in the Systolic
Blood Pressure Intervention Trial (SPRINT). American Journal of Kidney Diseases.
2018; 71(3):352-361

26 92.
27

Rosenberg K. Intensive blood pressure control lowers rate of CV Events and death in
the elderly. American Journal of Nursing. 2016; 116(9):68-9

28 93.
29
30
31

Saiz LC, Gorricho J, Garjon J, Celaya MC, Muruzabal L, Malon MDM et al. Blood
pressure targets for the treatment of people with hypertension and cardiovascular
disease. Cochrane Database of Systematic Reviews 2017, Issue 10. Art. No.:
CD010315. DOI: https://dx.doi.org/10.1002/14651858.CD010315.pub2.

32 94.
33
34

Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive blood pressure
control in normotensive type 2 diabetic patients on albuminuria, retinopathy and
strokes. Kidney International. 2002; 61(3):1086-97

35 95.
36
37

Schrier RW, Estacio RO, Mehler PS, Hiatt WR. Appropriate blood pressure control in
hypertensive and normotensive type 2 diabetes mellitus: A summary of the ABCD
trial. Nature Clinical Practice: Nephrology. 2007; 3(8):428-38

38 96.
39
40
41

Soliman EZ, Ambrosius WT, Cushman WC, Zhang ZM, Bates JT, Neyra JA et al.
Effect of intensive blood pressure lowering on left ventricular hypertrophy in patients
with hypertension: SPRINT (Systolic Blood Pressure Intervention Trial). Circulation.
2017; 136(5):440-450

42 97.
43
44
45

Solomon SD, Verma A, Desai A, Hassanein A, Izzo J, Oparil S et al. Effect of
intensive versus standard blood pressure lowering on diastolic function in patients
with uncontrolled hypertension and diastolic dysfunction. Hypertension. 2010;
55(2):241-8

© National Institute for Health and Care Excellence, 2019
31

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 98.
2
3

Song Y, Wu S, Liu X, Qi X. Association of systolic blood pressure levels with
cardiovascular and cerebrovascular events and all-cause mortality: A result from the
Kailuan study. Blood Pressure Monitoring. 2016; 21(3):149-154

4 99.
5
6

Stewart S, Carrington M. 2a.07: Impact of structured and intensive primary care
management at progressively higher blood pressure levels in individuals with
persistent hypertension. Journal of Hypertension. 2015; 33(Suppl 1):e21

7 100.
8
9
10

Still CH, Rodriguez CJ, Wright JT, Jr., Craven TE, Bress AP, Chertow GM et al.
Clinical outcomes by race and ethnicity in the systolic blood pressure intervention trial
(SPRINT): A randomized clinical trial. American Journal of Hypertension. 2017;
31(1):97-107

11 101.
12

Supiano MA, Williamson JD. Applying the systolic blood pressure intervention trial
results to older adults. Journal of the American Geriatrics Society. 2017; 65(1):16-21

13 102.
14
15
16

Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure lowering on
outcome incidence in hypertension: 2. Effects at different baseline and achieved
blood pressure levels--overview and meta-analyses of randomized trials. Journal of
Hypertension. 2014; 32(12):2296-304

17 103.
18
19
20
21

Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure lowering on
outcome incidence in hypertension: 7. Effects of more vs. less intensive blood
pressure lowering and different achieved blood pressure levels - Updated overview
and meta-analyses of randomized trials. Journal of Hypertension. 2016; 34(4):613622

22 104.
23
24
25

Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure lowering treatment
in hypertension: 8. Outcome reductions vs. discontinuations because of adverse drug
events - meta-analyses of randomized trials. Journal of Hypertension. 2016;
34(8):1451-63

26 105.
27
28

Tucker KL, Sheppard JP, Stevens R, Bosworth HB, Bove A, Bray EP et al. Individual
patient data meta-analysis of self-monitoring of blood pressure (BP-SMART): A
protocol. BMJ Open. 2015; 5(9):e008532

29 106.
30
31
32

Turnbull F, Blood Pressure Lowering Treatment Trialists Collaboration. Effects of
different blood-pressure-lowering regimens on major cardiovascular events: Results
of prospectively-designed overviews of randomised trials. The Lancet. 2003;
362(9395):1527-35

33 107.
34
35
36

Turnbull F, Neal B, Algert C, Chalmers J, Chapman N, Cutler J et al. Effects of
different blood pressure-lowering regimens on major cardiovascular events in
individuals with and without diabetes mellitus: Results of prospectively designed
overviews of randomized trials. Archives of Internal Medicine. 2005; 165(12):1410-9

37 108.
38
39
40

Ueki K, Sasako T, Kato M, Okazaki Y, Okahata S, Katsuyama H et al. Design of and
rationale for the Japan diabetes optimal integrated treatment study for 3 major risk
factors of cardiovascular diseases (J-DOIT3): A multicenter, open-label, randomized,
parallel-group trial. BMJ Open Diabetes Research and Care. 2016; 4(1):e000123

41 109.
42
43

UK Prospective Diabetes Study Group. Tight blood pressure control and risk of
macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. UK
Prospective Diabetes Study Group. BMJ. 1998; 317(7160):703-13

44 110.
45
46

Verdecchia P, Angeli F, Aita A, Bartolini C, Garofoli M, Reboldi G. Blood pressure:
The lower, the better? Maybe yes. Giornale Italiano di Cardiologia. 2016; 17(5):335338

© National Institute for Health and Care Excellence, 2019
32

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1 111.
2
3
4

Verdecchia P, Staessen JA, Angeli F, de Simone G, Achilli A, Ganau A et al. Usual
versus tight control of systolic blood pressure in non-diabetic patients with
hypertension (Cardio-Sis): An open-label randomised trial. The Lancet. 2009;
374(9689):525-33

5 112.
6
7

Volpe M, Tocci G. Redefining blood pressure targets in high-risk patients?: Lessons
from coronary endpoints in recent randomized clinical trials. American Journal of
Hypertension. 2011; 24(10):1060-8

8 113.
9
10

Wang JG, Staessen JA, Franklin SS, Fagard R, Gueyffier F. Systolic and diastolic
blood pressure lowering as determinants of cardiovascular outcome. Hypertension.
2005; 45(5):907-913

11 114.
12
13

Weber T. Hypertension news-screen: Intensive vs standard blood pressure control
and cardiovascular disease outcomes in adults aged = 75 years - A randomized
clinical trial. Journal fur Hypertonie. 2016; 20(3):81-82

14 115.
15
16

Wei Y, Jin Z, Shen G, Zhao X, Yang W, Zhong Y et al. Effects of intensive
antihypertensive treatment on Chinese hypertensive patients older than 70 years.
Journal of Clinical Hypertension (Greenwich, Conn). 2013; 15(6):420-7

17 116.
18
19

Weiss J, Freeman M, Low A, Fu R, Kerfoot A, Paynter R et al. Benefits and harms of
intensive blood pressure treatment in adults aged 60 years or older: A systematic
review and meta-analysis. Annals of Internal Medicine. 2017; 166(6):419-429

20 117.
21
22
23

Williamson JD, Supiano MA, Applegate WB, Berlowitz DR, Campbell RC, Chertow
GM et al. Intensive vs standard blood pressure control and cardiovascular disease
outcomes in adults aged >=75 years: A randomized clinical trial. JAMA. 2016;
315(24):2673-82

24 118.
25
26

Wright JT, Williamson JD, Whelton PK, Snyder JK, Sink KM, Rocco MV et al. A
randomized trial of intensive versus standard blood-pressure control. New England
Journal of Medicine. 2015; 373(22):2103-2116

27 119.
28
29

Zheng L, Li J, Sun Z, Zhang X, Hu D, Sun Y. Relationship of blood pressure with
mortality and cardiovascular events among hypertensive patients aged >=60 years in
rural areas of China: A strobe-compliant study. Medicine. 2015; 94(39):e1551

30

© National Institute for Health and Care Excellence, 2019
33

Hypertension in adults: DRAFT FOR CONSULTATION
Blood pressure targets

1

Appendices

2

Appendix A: Review protocols

3 Table 7: Review protocol: targets
Field

Content

Review question

Should targets used for antihypertensive therapy be based on blood
pressure, cardiovascular risk or a combination of both?

Type of review question

Intervention 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.

Objective of the review

To establish whether blood pressure or cardiovascular risk targets
improve outcomes more for adults with hypertension

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

Population: Adults (over 18 years) with primary hypertension

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

The following types of targets used to inform antihypertensive therapy*:
• Blood pressure targets, including systolic, diastolic or a combination
of both.
• Cardiovascular risk targets, such as:
o QRISK2
• Blood pressure and cardiovascular risk targets combined
*Note that treatment must be received for a minimum of 1 year

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

• Types of targets compared to each other
• Blood pressure and cardiovascular risk targets combined compared
to either target type alone
• No target

Outcomes and
prioritisation

All outcomes to be measured at a minimum of 12 months. Where
multiple time points are reported within each study, the longest time
point only will be extracted.
Critical
• All-cause mortality
• Health-related quality of life
• Stroke (ischaemic or haemorrhagic)
• MI
Important
• Heart failure needing hospitalisation
• Vascular procedures (including lower limb, coronary and carotid
artery procedures)
• Angina needing hospitalisation
• Discontinuation or dose reduction due to side effects
• Resource use
• Side effect 1: Acute kidney injury
• Side effect 2: New onset diabetes
• Side effect 3: Change in creatinine or eGFR
• Side effect 4: Hypotension (dizziness)
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• [Combined cardiovascular disease outcomes in the absence of MI
and stroke data]
• [Coronary heart disease outcome in the absence of MI data]
Eligibility criteria – study
design

RCTs and SRs

Other inclusion exclusion
criteria

Exclusions:
• Studies including participants with type 1 diabetes or chronic kidney
disease (A3 [heavy proteinuria)) or A2 or above for participants with
type 2 diabetes.
• Indirect populations with secondary causes of hypertension such as
tumours or structural vascular defects (Conn’s adenoma,
phaeochromocytoma, renovascular hypertension)
• Pregnant women
• Children (under 18 years)

Proposed sensitivity /
subgroup analysis, or
meta-regression

Subgroups for analysis of heterogeneity:
• Age (under 55, 55–75, over 75)*
• Severity (moderate [140–159/90–99 mmHg] versus severe [160/100
mmHg or higher])

• Family origin (African and Caribbean, White, South Asian)
*To note that evidence in those over 80 years if this evidence will also
be analysed as a separate subgroup when reported separately.
Selection process –
duplicate screening /
selection / analysis

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

Data management
(software)

Pairwise meta-analyses were performed using Cochrane Review
Manager (RevMan5).
GRADEpro was used to assess the quality of evidence for each
outcome.
Endnote for bibliography, citations, sifting and reference management.

Information sources –
databases and dates

Medline, Embase, the Cochrane Library
Language: Restrict to English only
Date cut off: from 2000
Key papers:
Cochrane review (2017):
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD010316.pub2/ful
l

Identify if an update

Yes, 2011

Author contacts

https://www.nice.org.uk/guidance/cg127

Highlight if amendment to
previous protocol

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

Search strategy – for 1
database

For details, please see appendix B

Data collection process –
forms / duplicate

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

Data items – define all
variables to be collected

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

Methods for assessing
bias at outcome / study
level

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’
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developed by the international GRADE working group
http://www.gradeworkinggroup.org/
Criteria for quantitative
synthesis

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

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

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

Meta-bias assessment –
publication bias, selective
reporting bias

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

Confidence in cumulative
evidence

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

Rationale / context –
what is known

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

Describe contributions of
authors and guarantor

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.

Sources of funding /
support

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

PROSPERO registration
number

Not registered

1 Table 8: Review protocol: blood pressure targets
Field

Content

Review question

What is the optimum blood pressure or cardiovascular risk target for
adults with treated primary hypertension?

Type of review question

Intervention 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.

Objective of the review

To establish which blood pressure or cardiovascular disease risk target
should be aimed for*
*In the absence of evidence comparing blood pressure versus
cardiovascular targets (review 3.2), this review will focus on blood
pressure targets.

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

Population: Adults (over 18 years) with primary hypertension
Stratify by:
• Presence or absence of type 2 diabetes

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

Blood pressure/cardiovascular risk targets*
• Systolic blood pressure targets:
o Below 120 mmHg
o 120–129 mmHg
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o 130–139 mmHg
o 140–59 mmHg
o 160 mmHg or higher

• Diastolic blood pressure targets:
o Below 80 mmHg
o 80–84 mmHg
o 85–89 mmHg
o 90–94 mmHg
o 95 mmHg or higher
*Note that treatment must be received for a minimum of 1 year
Eligibility criteria –
comparator(s) / control or
reference (gold) standard

Compared against each other (target versus target)

Outcomes and
prioritisation

All outcomes to be measured at a minimum of 12 months. Where
multiple time points are reported within each study, the longest time
point only will be extracted.
Critical
• All-cause mortality
• Health-related quality of life
• Stroke (ischaemic or haemorrhagic)
• MI
Important
• Heart failure needing hospitalisation
• Vascular procedures (including lower limb, coronary and carotid
artery procedures)
• Angina needing hospitalisation
• Discontinuation or dose reduction due to side effects
• Resource use
• Side effect 1: Acute kidney injury
• Side effect 2: New onset diabetes
• Side effect 3: Change in creatinine or eGFR
• Side effect 4: Hypotension (dizziness)
• [Combined cardiovascular disease outcomes in the absence of MI
and stroke data]
• [Coronary heart disease outcome in the absence of MI data]

Eligibility criteria – study
design

RCTs and SRs

Other inclusion exclusion
criteria

Exclusions:
• Studies including participants with type 1 diabetes or chronic kidney
disease (A3 [heavy proteinuria)) or A2 or above for participants with
type 2 diabetes.
• Indirect populations with secondary causes of hypertension such as
tumours or structural vascular defects (Conn’s adenoma,
phaeochromocytoma, renovascular hypertension)
• Pregnant women
• Children (under 18 years)

Proposed sensitivity /
subgroup analysis, or
meta-regression

Subgroups for analysis of heterogeneity:
• Age (under 55, 55–75, over 75)*
• Severity (moderate [140–159/90–99 mmHg] versus severe [≥160/100
mmHg])
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• Family origin (African and Caribbean, White, South Asian)
*To note that evidence in those aged over 80 years if this evidence will
also be analysed as a separate subgroup when reported separately.
Selection process –
duplicate screening /
selection / analysis

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

Data management
(software)

Pairwise meta-analyses were performed using Cochrane Review
Manager (RevMan5).
GRADEpro was used to assess the quality of evidence for each
outcome.
Endnote for bibliography, citations, sifting and reference management.

Information sources –
databases and dates

Medline, Embase, the Cochrane Library
Language: Restrict to English only
Date cut off: from 2000
Key papers:
Cochrane review (2017):
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD010316.pub2/ful
l

Identify if an update

Yes, 2011

Author contacts

https://www.nice.org.uk/guidance/cg127

Highlight if amendment to
previous protocol

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

Search strategy – for 1
database

For details, please see appendix B

Data collection process –
forms / duplicate

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

Data items – define all
variables to be collected

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

Methods for assessing
bias at outcome / study
level

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/

Criteria for quantitative
synthesis

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

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

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

Meta-bias assessment –
publication bias, selective
reporting bias

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

Confidence in cumulative
evidence

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

Rationale / context –
what is known

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

Describe contributions of
authors and guarantor

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.
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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.
Sources of funding /
support

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

PROSPERO registration
number

Not registered.

1 Table 9: Health economic review protocol
Review
question

All questions – health economic evidence

Objectives

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

Search
criteria

• 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).
• 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.)
• Unpublished reports will not be considered unless submitted as part of a call for
evidence.
• Studies must be in English.

Search
strategy

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.

Review
strategy

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 also 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).78
Inclusion and exclusion criteria
• 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.
• 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.
• If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both, then there is discretion over whether it should be included.
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Where there is discretion
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:
• UK NHS (most applicable).
• OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).
• OECD countries with predominantly private health insurance systems (for example,
Switzerland).
• 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).
• Other type of full economic evaluation (cost–benefit analysis, cost-effectiveness
analysis, cost–consequences analysis).
• Comparative cost analysis.
• Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.
Year of analysis:
• The more recent the study, the more applicable it will be.
• 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’.
• 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:
• 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.
• Generally, economic evaluations based on excludes from the clinical review will be
excluded.

1
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1

Appendix B: Literature search strategies

2 The literature searches for this review are detailed below and complied with the methodology
3 outlined in Developing NICE guidelines: the manual 2014, updated 2017.
4 For more detailed information, please see the Methodology Review.

B.1 5 Clinical search literature search strategy
6
7
8
9
10

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

11 Table 10: Database date parameters and filters used
Database

Dates searched

Search filter used

Medline (OVID)

2000–02 October 2018

Exclusions
Randomised controlled trials
Systematic review studies

Embase (OVID)

2000–02 October 2018

Exclusions
Randomised controlled trials
Systematic review studies

The Cochrane Library (Wiley)

Cochrane Reviews to Issue 8
of 12, August 2018
CENTRAL to Issue 7 of 12,
July 2018
DARE and NHS EED to Issue
2 of 4, April 2015
HTA to Issue 4 of 4, October
2016

None

12 Table 11: Medline (Ovid) search terms
1.
2.

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
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18.

letter/

19.

editorial/

20.

news/

21.

exp historical article/

22.

Anecdotes as Topic/

23.

comment/

24.

case report/

25.

(letter or comment*).ti.

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.
37.

17 not 35
(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
((target* or level* or optimum or optimal or control* or tight* or strict*) adj2 (blood
pressure or BP)).ti,ab.

40.
41.
42.
43.

(normotensive* or normotension).ti,ab.
((target* or level* or optimum or optimal) adj3 (QRISK* or Framingham or FHS or
SCORE or ASSIGN or Interheart)).ti,ab.
((target* or level* or optimum or optimal) adj3 ((Cardiovascular or CVD) adj3 (risk* or
tool*))).ti,ab.

44.

or/40-43

45.

39 and 44

46.

randomized controlled trial.pt.

47.

controlled clinical trial.pt.

48.

randomi#ed.ti,ab.

49.

placebo.ab.

50.

randomly.ti,ab.

51.

Clinical Trials as topic.sh.

52.

trial.ti.

53.

or/46-52

54.

Meta-Analysis/

55.

exp Meta-Analysis as Topic/

56.

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

57.

((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.
(reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

58.
59.

(search strategy or search criteria or systematic search or study selection or data
extraction).ab.
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60.
61.

(search* adj4 literature).ab.
(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.

62.

cochrane.jw.

63.

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

64.

or/54-63

65.

45 and (53 or 64)

1 Table 12: 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.

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
((target* or level* or optimum or optimal or control* or tight* or strict*) adj2 (blood
pressure or BP)).ti,ab.

38.
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39.
40.

(normotensive* or normotension).ti,ab.
((target* or level* or optimum or optimal) adj3 (QRISK* or Framingham or FHS or
SCORE or ASSIGN or Interheart)).ti,ab.

41.

((target* or level* or optimum or optimal) adj3 ((Cardiovascular or CVD) adj3 (risk* or
tool*))).ti,ab.

42.

or/38-41

43.

37 and 42

44.

random*.ti,ab.

45.

factorial*.ti,ab.

46.

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

47.

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

48.

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

49.

crossover procedure/

50.

single blind procedure/

51.

randomized controlled trial/

52.

double blind procedure/

53.

or/44-52

54.

systematic review/

55.

meta-analysis/

56.

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

57.
58.

((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.
(reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.
(search strategy or search criteria or systematic search or study selection or data
extraction).ab.

59.
60.
61.

(search* adj4 literature).ab.
(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.

62.

cochrane.jw.

63.

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

64.

or/54-63

65.

43 and (53 or 64)

1 Table 13: 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-#6)
((target* or level* or optimum or optimal or control* or tight* or strict*) near/2 (blood
pressure or BP)):ti,ab

#8.
#9.
#10.
#11.
#12.

(normotensive* or normotension):ti,ab
((target* or level* or optimum or optimal) near/3 (QRISK* or Framingham or FHS or
SCORE or ASSIGN or Interheart)):ti,ab
((target* or level* or optimum or optimal) near/3 ((Cardiovascular or CVD) near/3 (risk*
or tool*))):ti,ab
(or #8-#11)
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#13.

#7 and #12

B.2 1 Health Economics literature search strategy
2
3
4
5
6
7

Health economic evidence was identified by conducting a broad search relating 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.

8 Table 14: Database date parameters and filters used
Database

Dates searched

Search filter used

Medline

2014–28 August 2018

Exclusions
Health economics studies

Embase

2014–28 August 2018

Exclusions
Health economics studies

Centre for Research and
Dissemination (CRD)

HTA - Inception–28 August
2018
NHS EED - Inception to March
2015

None

9 Table 15: Medline (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/

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.
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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"/

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

1 Table 16: 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.
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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/

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

1 Table 17: 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

2
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Appendix C: Clinical evidence selection
Figure 1: Flow chart of clinical study selection for the review of targets (cardiovascular or
blood pressure)
Records identified through
database searching, n=7,848

Additional records identified through
other sources, n=0

Records screened, n=7,848

Records excluded,
n=7,848
Full-text papers assessed for
eligibility, n=117

Papers included in
cardiovascular/blood pressure
targets review, n=0

Papers excluded from review,
n=105

Papers included in blood
pressure targets review, n=10 (3
studies)

2
3
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2
Study

Accord study group 20101

Study type

RCT (Patient randomised; Parallel)

Number of studies (number of participants)

(n=4,733)

Countries and setting

Conducted in USA; Setting: USA and Canada, multiple centres

Line of therapy

First line

Duration of study

Intervention time: 4.7 years (mean follow up)

Method of assessment of guideline
condition

Adequate method of assessment or diagnosis

Stratum

With type 2 diabetes

Subgroup analysis within study

Not stratified but pre-specified: Those with and without prior cardiovascular disease (only extracting data for
those without previous CVD, 3,140 participants)

Inclusion criteria

Type 2 diabetes mellitus and a glycated haemoglobin level of 7.5% or more and were 40 years of age or
older with cardiovascular disease or 55 years of age or older with anatomical evidence of a substantial
amount of atherosclerosis, albuminuria, left ventricular hypertrophy, or at least 2 additional risk factors for
CVD (dyslipidaemia, hypertension, smoking, or obesity). Participants with a systolic BP between 130 and
180 mmHg who were taking 3 or fewer antihypertensive medications and who had the equivalent of a 24hour protein excretion rate of less than 1.0 g were also eligible for the blood-pressure trial

Exclusion criteria

Body mass index (the weight in kilograms divided by the square of the height in meters) of more than 45, a
serum creatinine level of more than 1.5 mg per decilitre (132.6 μmol per litre), and other serious illness.

Recruitment/selection of patients

77 clinical sites

Age, sex and family origin

Age - Mean (SD): 62.2 years (6.9). Sex (M:F): 2475:2258. Family origin: 60.5% Non-Hispanic White, 24.1
Black, 7% Hispanic

Further population details

1. Age: Not stated / Unclear 2. Family origin: Not stated / Unclear 3. Severity: Not applicable

Extra comments

Participants also randomised to either intensive or standard glycaemic control in a 2x2 factorial design.

Indirectness of population

No indirectness

Interventions

(n=1,558) Intervention 1: Systolic BP targets - <120 mmHg. For participants in the intensive-therapy group,
visits to assess BP were scheduled once a month for 4 months and every 2 months thereafter. Additional
visits were scheduled as needed in both groups to monitor and ensure appropriate implementation of the
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1

Funding

Academic or government funding (National Heart, Lung, and Blood Institute)

RESULTS (NUMBERS ANALYSED) AND RISK OF BIAS FOR COMPARISON: <120 mmHg versus <140 mmHg
Protocol outcome 1: Stroke (ischaemic or haemorrhagic)
- Actual outcome for with type 2 diabetes: Stroke (non-fatal), MI (non-fatal), CVD (fatal) at 1 year (outcomes given on a per year basis); Group 1: 21/1,558;
Group 2: 23/1,582
Risk of bias: All domain - High, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - High, Measurement - Low,
Crossover - Low, Subgroups - Low; Indirectness of outcome: Serious indirectness
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(n=1,582) Intervention 2: Systolic BP targets – 130–139 mmHg. Visits were scheduled at months 1 and 4
and every 4 months thereafter. Additional visits were scheduled as needed in both groups to monitor and
ensure appropriate implementation of the study intervention strategies. In both blood-pressure groups,
participants who were assigned to intensive glycaemic therapy had more frequent contacts for the
management of glycaemia, but blood pressure was not monitored at these additional visits. For standard BP
group participants, medication dose titration or addition of another drug was indicated if systolic BP was
>160 mmHg at a single visit or >140 mmHg at 2 successive visits. Down-titration was encouraged if systolic
BP was <135 mmHg on 2 successive visits or <130 mmHg at any single visit. All antihypertensive regimens
were to include a drug class that had demonstrated reduced cardiovascular events in participants with
diabetes: diuretic, beta-blocker, CCB, ACE inhibitor, or ARB. Blood pressure measured using an automated
device (Omron 907) after 5 minutes rest with the participant seated in a chair (average of 3 measurements).
Duration 4.7 years. Concurrent medication or care: Also randomised to intensive therapy (targeting a
glycated haemoglobin level below 6.0%) or standard therapy (targeting a level from 7.0 to 7.9%).
Indirectness: No indirectness
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study intervention strategies. In both blood-pressure groups, participants who were assigned to intensive
glycaemic therapy had more frequent contacts for the management of glycaemia, but blood pressure was
not monitored at these additional visits. However, all the antihypertensive regimens were to include drug
classes that had been shown to result in a reduction in cardiovascular events among participants with
diabetes. Participants in the intensive arm of the trial initiated treatment with a diuretic and either an
angiotensin-converting enzyme (ACE) inhibitor or a beta-blocker. Other drugs added were calcium channel
blockers (CCB), other diuretics and angiotensin receptor blockers (ARB). Blood pressure measured using an
automated device (Omron 907) after 5 minutes rest with the participant seated in a chair (average of 3
measurements).
Duration 4.7 years. Concurrent medication or care: Participants were also randomised to glycaemic control
(intensive or standard; intensive therapy targeted a glycated haemoglobin level below 6.0%, standard
therapy targeted a level from 7.0 to 7.9%).
Indirectness: No indirectness
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All-cause mortality; Health-related quality of life; MI; Heart failure needing hospitalisation; Vascular
procedures (including lower limb, coronary and carotid artery procedures); Angina needing hospitalisation;
Discontinuation or dose reduction due to side effects; Resource use; Acute kidney injury; New onset
diabetes; Change in creatinine or eGFR; Hypotension (dizziness)
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Protocol outcomes not reported by the
study

Study type

RCT (Patient randomised; Parallel)

Number of studies (number of participants)

(n=1,111)

Countries and setting

Conducted in Italy; Setting: 44 centres across Italy

Line of therapy

First line

Duration of study

Intervention time: 2 years

Method of assessment of guideline
condition

Adequate method of assessment/diagnosis: Hypertension diagnosis

Stratum

Without type 2 diabetes

Subgroup analysis within study

Not applicable

Inclusion criteria

(1) Systolic BP of 150 mmHg or over (2) taking antihypertensive treatment for at least 12 weeks (3) 1
additional risk factor as described in the guidelines of ESH

Exclusion criteria

(1) Fasting glucose level of 7 mmol/L or higher (2) any other disease reducing life expectancy (3) renal
dysfunction (4) clinically relevant hepatic or haematological disorders (5) heart conditions and other
conditions confusing the electrocardiogram (ECG) diagnosis of left ventricular hypertrophy (LVH). (6)
substance misuse

Recruitment/selection of patients

22 Feb 2005 to 28 Feb 2007

Age, sex and family origin

Age - Mean (SD): 67(7) years. Sex (M:F): 437:653. Family origin: Not specified

Further population details

1. Age: Systematic review: mixed (55 and older). 2. Family origin: Not stated / Unclear 3. Severity: Not
stated / Unclear (Mixed).

Indirectness of population

No indirectness

Interventions

(n=553) Intervention 1: Systolic blood pressure targets – 130–139 mmHg. Run in period to ensure systolic
BP remained above 150 mmHg at 2 visits 7–14 days apart. Participants were followed every 4 months for 2
years. At each visit, physicians measured blood pressure by auscultation, with a standard mercury
sphygmomanometer, after participants had been seated for 10 minutes. Treatment involved various
combinations of previous drugs with the addition of furosemide (25 mg per day), Ramipril (5 mg or 10 mg per
day), telmisartan (80 mg per day), amlodipine (5 mg or 10 mg per day), bisoprolol (5 mg per day), and
transdermal clonidine (2.5 mg or 5.0 mg per day). Ramipril and telmisartan were also available in fixed
combinations with hydrochlorothiazide (12.5 mg or 25.0 mg per day for Ramipril, and 12.5 mg per day for
telmisartan). At every visit, the choice of drugs in individual people was left to the discretion of the
investigators. Achievement of a systolic blood pressure below 130 mmHg entailed down titration of
treatment. Duration 2 years. Concurrent medication/care: 23% Statins, 19% Aspirin. Indirectness: No
indirectness
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Study

Study funded by industry (Associazione Nazionale Medici Cardiologi Ospedalieri (ANMCO) through grants
from Boehringer-Ingelheim, Sanofi-Aventis, and Pfizer to ANMCOv)

RESULTS (NUMBERS ANALYSED) AND RISK OF BIAS FOR COMPARISON: 130–139 mmHg versus 120–129 mmHg
Protocol outcome 1: All-cause mortality
- Actual outcome for Without type 2 diabetes: Death at 2 years; Group 1: 5/553, Group 2: 4/558
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low; Indirectness of outcome: No indirectness; Baseline details: Previous CV disease not reported:
Protocol outcome 2: Stroke (ischaemic or haemorrhagic)
- Actual outcome for Without type 2 diabetes: Stroke or transient ischaemic attack (TIA) at 2 years; Group 1: 9/583, Group 2: 4/558
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low; Indirectness of outcome: No indirectness; Baseline details: Previous CV disease not reported;
Protocol outcome 3: Myocardial infarction
- Actual outcome for Without type 2 diabetes: Myocardial infarction at 2 years; Group 1: 6/553, Group 2: 4/558
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low; Indirectness of outcome: No indirectness; Baseline details: Previous CV disease not reported
Protocol outcome 4: Heart failure needing hospitalisation
- Actual outcome for Without type 2 diabetes: Admission for heart failure at 2 years; Group 1: 7/553, Group 2: 3/558
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low; Indirectness of outcome: No indirectness; Baseline details: Previous CV disease not reported
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(n=558) Intervention 2: Systolic blood pressure targets – 120–129 mmHg. Run in period to ensure systolic
BP remained above 150 mmHg at 2 visits 7–14 days apart. Participants were followed every 4 months for 2
years. At each visit, physicians measured blood pressure by auscultation, with a standard mercury
sphygmomanometer, after participants had been seated for 10 minutes. Treatment involved various
combinations of previous drugs with the addition of furosemide (25 mg per day), Ramipril (5 mg or 10 mg per
day), telmisartan (80 mg per day), amlodipine (5 mg or 10 mg per day), bisoprolol (5 mg per day), and
transdermal clonidine (2.5 mg or 5.0 mg per day). Ramipril and telmisartan were also available in fixed
combinations with hydrochlorothiazide (12.5 mg or 25.0 mg per day for Ramipril, and 12.5 mg per day for
telmisartan). At every visit, the choice of drugs in individual people was left to the discretion of the
investigators. One systolic blood-pressure reading higher than 130 mmHg at any visit led to intensification of
treatment. Duration 2 years. Concurrent medication/care: 22% on Statins and 19% aspirin. Indirectness: No
indirectness

Protocol outcome 7: Hypotension (dizziness)
- Actual outcome for without type 2 diabetes: Dizziness at 2 years; Group 1: 4/553, Group 2: 2/558
Risk of bias: All domain - High, Selection - Low, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low,
Crossover - Low; Indirectness of outcome: No indirectness; Baseline details: Previous CVD not reported;
Protocol outcomes not reported by the
study

Health-related quality of life; Angina needing hospitalisation; Discontinuation or dose reduction due to side
effects; Acute kidney injury; New onset diabetes; Change in creatinine or eGFR
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Protocol outcome 6: Resource use
- Actual outcome for without type 2 diabetes: Mean systolic blood pressure reduction (average from all visits) at 2 years; Group 1: mean 23.5 mmHg (SD
10.6); n=553, Group 2: mean 27.3 mmHg (SD 11); n=558; Comments: Estimate standard deviation (SD) from p value <0.0001
Risk of bias: All domain - ; Indirectness of outcome: No indirectness
- Actual outcome for without type 2 diabetes: Mean diastolic blood pressure reduction (average in all visits) at 2 years; Group 1: mean 8.9 mmHg (SD 7);
n=553, Group 2: mean 10.4 mmHg (SD 7.5); n=558
Risk of bias: All domain - ; Indirectness of outcome: No indirectness
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Protocol outcome 5: Vascular procedures (including lower limb, coronary and carotid artery procedures)
- Actual outcome for Without type 2 diabetes: Coronary revascularization at 2 years; Group 1: 15/553, Group 2: 5/558
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low; Indirectness of outcome: No indirectness; Baseline details: Previous CV disease not reported;

Study type

RCT (Patient randomised; Parallel)

Number of studies (number of participants)

(n=9,361 [6,715 without CKD analysed])

Countries and setting

Conducted in USA; Setting: 102 clinical sites in the US

Line of therapy

First line

Duration of study

Intervention time: Median 3.26 years

Method of assessment of guideline
condition

Adequate method of assessment/diagnosis: >50 years

Stratum

Without type 2 diabetes

Subgroup analysis within study

Not applicable

Inclusion criteria

Participants were required to meet all the following criteria: an age of at least 50 years, a systolic blood
pressure of 130 to 180 mmHg (see the Supplementary appendix), and an increased risk of cardiovascular
events. Increased cardiovascular risk was defined by 1 or more of the following: clinical or subclinical CVD
other than stroke; CKD, excluding polycystic kidney disease, with an estimated glomerular filtration rate
(eGFR) of 20 to less than 60 ml per minute per 1.73 m2 of body-surface area, calculated with the use of the
4-variable Modification of Diet in Renal Disease equation; a 10-year risk of cardiovascular disease of 15% or
greater on the basis of the Framingham risk score; or an age of 75 years or older.

Exclusion criteria

People with diabetes mellitus or prior stroke were excluded. People with other severe health conditions that
could influence the study were excluded (such as cancer, diagnosed within the last 2 years).

Recruitment/selection of patients

From 2010 to 2013. SPRINT also recruited from nested sub-studies: SPRINT MIND and SPRINT MIND
MRI.

Age, sex and family origin

Age – Mean: 66.3 (9) years Sex (M:F)4418:2244. Family origin: 32% Black, 54% non-Hispanic white, 11.8%
Hispanic, 2.2% other

Further population details

1. Age: Systematic review: mixed 2. Family origin: Systematic review: mixed 3. Severity: Systematic review:
mixed

Indirectness of population

No indirectness

Interventions

(n=3,348) Intervention 1: Systolic blood pressure targets - <120 mmHg. Achieved average blood pressure
119 mmHg. The protocol recommended that antihypertensive regimens should include 1 or more drug
classes with the strongest evidence for capacity to prevent CVD outcomes: thiazide-type diuretics, CCBs,
ACE inhibitors, and ARBs, with priority for prescription of thiazide-type diuretics. In both groups, participants
are evaluated monthly for the first 3 months, and thereafter every 3 months. Monthly visits continue in the
Intensive Group until a systolic blood pressure <120 mmHg is achieved or no more titration is planned and in
the Standard Group whenever a systolic blood pressure ≥160 mmHg is noted. Additional visits can be
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SPRINT Study Group 2015: Wright 2015118; Ambrosius 20142; 20, 31, 81, 91
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Study (subsidiary papers)

Duration 3.26 years. Concurrent medication or care: All participants are advised to follow lifestyle
recommendations and background therapy consistent with current practice guidelines to minimize
differences in the effects of nonstory strategies that could influence systolic BP or CVD outcomes in the 2
treatment arms. Specific lifestyle recommendations include weight loss for overweight participants, a hearthealthy diet (for example, the DASH diet) with appropriate modifications for participants with CKD, reducing
sodium intake and alcohol consumption below maximum recommended levels, regular aerobic exercise, and
smoking cessation. Indirectness: No indirectness
(n=3,367) Intervention 2: Systolic blood pressure targets – 130–139 mmHg. Mean achieved BP of 134
mmHg. Titration of medications to target is based on a mean of 3 office blood pressure measurements
obtained in the seated position using an automated measurement device (Omron Healthcare, Lake Forest,
IL, USA). Blood pressure is also measured 1 minute after standing at screening, baseline, 1 month, 6
months, 12 months, and annually thereafter. For Standard Group participants, the protocol is designed to
achieve a systolic blood pressure of 135–139 mmHg, starting with the randomization visit. Dose titration or
addition of another drug occurs if systolic blood pressure is ≥160 mmHg at a single visit or ≥140 mmHg at 2
successive visits. Medication may be reduced if the systolic blood pressure is <130 mmHg at a single visit or
<135 mmHg at 2 consecutive visits. In both groups, participants are evaluated monthly for the first 3 months,
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Actual strategy for blood pressure measurement varied within SPRINT. The majority of participants
(n=4,082) were always alone when their blood pressure was measured. 2,247 participants were never alone,
1,746 were alone for the rest period and 570 were alone for blood pressure measurement. Blood pressure
did not appear to differ between the groups.
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scheduled as needed for monitoring medications and safety. For most participants in the Intensive Group, a
2- or 3-drug regimen was initiated at randomization (occasionally only 1 drug for participants ≥75 years).
Drug doses are increased or additional antihypertensive medications are added at monthly visits until the
target of <120 mmHg is reached or the investigator decides no further antihypertensive medications should
be added. “Milepost Visits” are scheduled every 6 months. If the systolic blood pressure is not <120 mmHg
at a Milepost Visit, an antihypertensive drug from an additional class is added, absent contraindications. For
Standard Group participants, the protocol is designed to achieve a systolic blood pressure of 135–139
mmHg, starting with the randomization visit. Dose titration or addition of another drug occurs if systolic blood
pressure is ≥160 mmHg at a single visit or ≥140 mmHg at 2 successive visits. Medication may be reduced if
the systolic blood pressure is <130 mmHg at a single visit or <135 mmHg at 2 consecutive visits. Titration of
medications to target is based on a mean of 3 office blood pressure measurements obtained in the seated
position using an automated measurement device (Omron Healthcare, Lake Forest, IL, USA). Blood
pressure is also measured 1 minute after standing at screening, baseline, 1 month, 6 months, 12 months,
and annually thereafter. While standing, participants are asked about symptoms of hypotension (see Safety
section).

Funding

Academic or government funding (NIH)

RESULTS (NUMBERS ANALYSED) AND RISK OF BIAS FOR COMPARISON: <120 mmHg versus 130–139 mmHg
Protocol outcome 1: All-cause mortality at 3.26 years
- Actual outcome for without type 2 diabetes: All-cause mortality at 3.26 years; Group 1: 85/3,348, Group 2: 115/3,367
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
Protocol outcome 2: Stroke (ischaemic or haemorrhagic) at 3.26 years
- Actual outcome for without type 2 diabetes: Stroke at 3.26 years; Group 1: 35/3,348, Group 2: 43/3,367
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
Protocol outcome 3: Myocardial infarction at 3.26 years
- Actual outcome for without type 2 diabetes: MI at 3.26 years; Group 1: 53/3,348, Group 2: 71/3,367
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
Protocol outcome 4: Heart failure needing hospitalisation at 3.26 years
- Actual outcome for without type 2 diabetes: Heart failure at 3.26 years; Group 1: 21/3,348, Group 2: 48/3,367
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Duration 3.26 years. Concurrent medication/care: All participants are advised to follow lifestyle
recommendations and background therapy consistent with current practice guidelines to minimize
differences in the effects of non-study strategies that could influence systolic BP or CVD outcomes in the 2
treatment arms. Specific lifestyle recommendations include weight loss for overweight participants, a hearthealthy diet (for example, the DASH diet) with appropriate modifications for participants with CKD, reducing
sodium intake and alcohol consumption below maximum recommended levels, regular aerobic exercise, and
smoking cessation. Indirectness: No indirectness
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and thereafter every 3 months. Monthly visits continue in the Intensive Group until a systolic BP <120 mmHg
is achieved or no more titration is planned and in the Standard Group whenever a systolic BP ≥160 mmHg is
noted. Additional visits can be scheduled as needed for monitoring medications and safety. The protocol
recommended that antihypertensive regimens should include 1 or more drug classes with the strongest
evidence for capacity to prevent CVD outcomes: thiazide-type diuretics, CCBs, ACE inhibitors, and ARBs,
with priority for prescription of thiazide-type diuretics. Actual strategy for BP measurement varied within
SPRINT. The majority of participants (n=4,082) were always alone when their blood pressure was
measured. 2,247 participants were never alone, 1,746 were alone for the rest period and 570 were alone for
blood pressure measurement. Blood pressure did not appear to differ between the groups

Protocol outcome 6: Acute kidney injury at 3.26 years
- Actual outcome for without type 2 diabetes: Acute kidney injury at 3.26 years; Group 1: 82/3,348, Group 2: 38/3,367
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
Stage 1, 2 and 3 AKI as defined in Rocco 2018
Protocol outcome 7: Change in creatinine or eGFR at 3.26 years
- Actual outcome for without type 2 diabetes: >30% reduction in eGFR at 3.26 years; Group 1: 140/3,348, Group 2: 40/3,367; Comments: Also taken from
Anim paper
HR per 100 patient years 3.54 (2.50 to 5.02)
mean eGFR at baseline (ml/min/1.73m3)
Intensive: 81.3 (15.5)
Standard: 81.2 (15.5)
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
- Actual outcome for without type 2 diabetes: >30% reduction in eGFR to <60ml/min/1.73m3 at 3.26 years; Group 1: 127/3,332, Group 2: 37/3,345
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
Protocol outcome 8: Hypotension (dizziness) at 3.26 years
- Actual outcome for without type 2 diabetes: Hypotension
at 3.26 years; Group 1: 59/3348, Group 2: 28/3367
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Protocol outcome 5: Resource use at 3.26 years
- Actual outcome for without type 2 diabetes: Mean reduction in systolic blood pressure at 6 months (graph depicts no change after this point); MD; 15
(95%CI 14.7 to 15.4, Units: mmHg, Comments: Baseline values: <120mmHg target: 139.9 [15.6], <140mmHg target: 139.8 [15.1]); Risk of bias: All
domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Subgroups - Low; Indirectness of outcome: Very serious indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
- Actual outcome for without type 2 diabetes: Mean number of medications at 2 years at 2 years; Group 1: mean 2.8 Number of pills (SD 1.2); n=3,348,
Group 2: mean 1.8 Number of pills (SD 1.1); n=3,367; Comments: Mean at baseline I: 1.74(1.03) and S: 1.72 (1.04) in the 89% already taking
antihypertensive medication
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: Very serious indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
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Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169

1

Health-related quality of life; Vascular procedures (including lower limb, coronary and carotid artery
procedures); Angina needing hospitalisation; Discontinuation or dose reduction due to side effects; New
onset diabetes
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Protocol outcomes not reported by the
study
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Risk of bias: All domain - High, Selection - Low, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low,
Crossover - Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
- Actual outcome for without type 2 diabetes: Orthostatic hypotension (with dizziness) at 3.26 years; Group 1: 38/3,348, Group 2: 48/3,367
Risk of bias: All domain - High, Selection - Low, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low,
Crossover - Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
- Actual outcome for without type 2 diabetes: Orthostatic hypotension (without dizziness) at 3.26 years; Group 1: 476/3,348, Group 2: 555/3,367
Risk of bias: All domain - High, Selection - Low, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low,
Crossover - Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
Protocol outcome 8: Hypotension (dizziness)
- Actual outcome for without type 2 diabetes: Syncope at 3.26 years; Group 1: 109/3,348, Group 2: 71/3,367
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
- Actual outcome for without type 2 diabetes: Injurious falls at 3.26 years; Group 1: 104/3,348, Group 2: 84/3,367
Risk of bias: All domain - Low, Selection - Low, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover
- Low, Subgroups - Low; Indirectness of outcome: No indirectness; Group 1 Number missing: 168; Group 2 Number missing: 169
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Appendix E: Forest plots

E.1 2 Below 120 mmHg versus below 140 mmHg (non-diabetic
3 population)
Figure 2: All-cause mortality at 3.26 years
Study or Subgroup
SPRINT 2015
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Figure 3: Stroke at 3.26 years
Study or Subgroup
SPRINT 2015
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Figure 4: Myocardial infarction at 3.26 years
Study or Subgroup
SPRINT 2015
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Figure 5: Heart failure at 3.26 years
Study or Subgroup
SPRINT 2015
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Figure 6: Acute kidney injury at 3.26 years
Study or Subgroup
SPRINT 2015

120mmHg
140mmHg
Events Total Events Total Weight
82 3348
38 3367 100.0%

Total (95% CI)
3348
3367 100.0%
Total events
82
38
Heterogeneity: Not applicable
Test for overall effect: Z = 3.98 (P < 0.0001)

Risk Ratio
M-H, Fixed, 95% CI
2.17 [1.48, 3.18]

Risk Ratio
M-H, Fixed, 95% CI

2.17 [1.48, 3.18]
0.1
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Figure 7: More than 30% reduction in eGFR at 3.26 years
Study or Subgroup
SPRINT 2015

120mmHg
140mmHg
Events Total Events Total Weight
140 3348
40 3367 100.0%

Total (95% CI)
3348
3367 100.0%
Total events
140
40
Heterogeneity: Not applicable
Test for overall effect: Z = 7.09 (P < 0.00001)

Risk Ratio
M-H, Fixed, 95% CI
3.52 [2.49, 4.99]

Risk Ratio
M-H, Fixed, 95% CI

3.52 [2.49, 4.99]
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Figure 8: Hypotension at 3.26 years
Study or Subgroup
SPRINT 2015

120mmHg
140mmHg
Events Total Events Total Weight
59 3348
28 3345 100.0%

Total (95% CI)
3348
Total events
59
Heterogeneity: Not applicable
Test for overall effect: Z = 3.26 (P = 0.001)

3345 100.0%

Risk Ratio
M-H, Fixed, 95% CI
2.11 [1.35, 3.29]

Risk Ratio
M-H, Fixed, 95% CI

2.11 [1.35, 3.29]

28
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Figure 9: Orthostatic hypotension with dizziness at 3.26 years
Study or Subgroup
SPRINT 2015

120mmHg
140mmHg
Events Total Events Total Weight
38 3348
48 3345 100.0%

Total (95% CI)
3348
Total events
38
Heterogeneity: Not applicable
Test for overall effect: Z = 1.09 (P = 0.28)

3345 100.0%

Risk Ratio
M-H, Fixed, 95% CI
0.79 [0.52, 1.21]

Risk Ratio
M-H, Fixed, 95% CI

0.79 [0.52, 1.21]

48
0.1

0.2
0.5
1
2
5
Favours [120mmHg] Favours [140mmHg]

10

4
Figure 10:
Study or Subgroup
SPRINT 2015

Orthostatic hypotension without dizziness at 3.26 years
120mmHg
140mmHg
Events Total Events Total Weight
476 3348
555 3345 100.0%

Total (95% CI)
3348
3345 100.0%
Total events
476
555
Heterogeneity: Not applicable
Test for overall effect: Z = 2.69 (P = 0.007)

Risk Ratio
M-H, Fixed, 95% CI
0.86 [0.77, 0.96]

Risk Ratio
M-H, Fixed, 95% CI

0.86 [0.77, 0.96]
0.1
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1
Figure 11:
Study or Subgroup
SPRINT 2015

Syncope at 3.16 years
120mmHg
140mmHg
Events Total Events Total Weight
109 3348
71 3345 100.0%

Total (95% CI)
3348
Total events
109
Heterogeneity: Not applicable
Test for overall effect: Z = 2.84 (P = 0.004)

Risk Ratio
M-H, Fixed, 95% CI
1.53 [1.14, 2.06]

3345 100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.53 [1.14, 2.06]

71
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Figure 12:
Study or Subgroup
SPRINT 2015

Injurious falls at 3.26 years
120mmHg
140mmHg
Events Total Events Total Weight
104 3348
84 3345 100.0%

Total (95% CI)
3348
Total events
104
Heterogeneity: Not applicable
Test for overall effect: Z = 1.47 (P = 0.14)

Figure 13:
Study or Subgroup
SPRINT 2015

Risk Ratio
M-H, Fixed, 95% CI
1.24 [0.93, 1.64]

3345 100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.24 [0.93, 1.64]

84
0.1

0.2
0.5
1
2
5
Favours [120mmHg] Favours [140mmHg]

10

Mean reduction in systolic blood pressure at 6 months
Mean Difference
Mean Difference
SE Weight
IV, Fixed, 95% CI
15 0.1531 100.0% 15.00 [14.70, 15.30]

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 97.98 (P < 0.00001)

Mean Difference
IV, Fixed, 95% CI

100.0% 15.00 [14.70, 15.30]
-50

-25
0
25
Favours [140mmHg] Favours [120mmHg]

50

3
Figure 14:
Study or Subgroup
SPRINT 2015

Mean number of medications at 3.26 years
120mmHg
140mmHg
Mean Difference
Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI
2.8 1.2 3348
1.8 1.1 3367 100.0%
1.00 [0.94, 1.06]

Total (95% CI)
3348
Heterogeneity: Not applicable
Test for overall effect: Z = 35.59 (P < 0.00001)

3367 100.0%

Mean Difference
IV, Fixed, 95% CI

1.00 [0.94, 1.06]
-10

4
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E.2 1 Below 120 mmHg versus below 140 mmHg (diabetic
2 population)
Figure 15:
Stroke (non-fatal), myocardial infarction (non-fatal), cardiovascular
disease (fatal) at 4.7 years
Study or Subgroup
ACCORD 2010

<120mmHg
<140mmHg
Events Total Events Total Weight
21 1558
23 1582 100.0%

Total (95% CI)
1558
Total events
21
Heterogeneity: Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)

Risk Ratio
M-H, Fixed, 95% CI
0.93 [0.52, 1.67]

1582 100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.93 [0.52, 1.67]
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E.3 4 Below 130 mmHg versus below140 mmHg (non-diabetic
5 population)
Figure 16:

All-cause mortality at 2 years

Study or Subgroup
Cardio-Sis (Verdechhia 2009)

<130mmHg
<140mmHg
Events Total Events Total Weight
4
558
5
553 100.0%

Total (95% CI)
Total events
4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.35 (P = 0.73)

558

553 100.0%

Risk Ratio
M-H, Fixed, 95% CI
0.79 [0.21, 2.94]

Risk Ratio
M-H, Fixed, 95% CI

0.79 [0.21, 2.94]
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Figure 17:

Stroke at 2 years

Study or Subgroup
Cardio-Sis (Verdechhia 2009)

<130mmHg
<140mmHg
Events Total Events Total Weight
4
558
9
583 100.0%

Total (95% CI)
Total events
4
Heterogeneity: Not applicable
Test for overall effect: Z = 1.28 (P = 0.20)

558

583 100.0%

Risk Ratio
M-H, Fixed, 95% CI
0.46 [0.14, 1.50]

Risk Ratio
M-H, Fixed, 95% CI

0.46 [0.14, 1.50]
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Figure 18:

Myocardial infarction at 2 years

Study or Subgroup
Cardio-Sis (Verdechhia 2009)

<130mmHg
<140mmHg
Events Total Events Total Weight
4
558
6
553 100.0%

Total (95% CI)
Total events
4
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

558

553 100.0%

Risk Ratio
M-H, Fixed, 95% CI
0.66 [0.19, 2.33]

Risk Ratio
M-H, Fixed, 95% CI

0.66 [0.19, 2.33]

6

8
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Figure 19:

Heart failure requiring hospitalisation at 2 years

Study or Subgroup
Cardio-Sis (Verdechhia 2009)

<130mmHg
<140mmHg
Events Total Events Total Weight
3
558
7
553 100.0%

Total (95% CI)
Total events
3
Heterogeneity: Not applicable
Test for overall effect: Z = 1.25 (P = 0.21)

558

553 100.0%

Risk Ratio
M-H, Fixed, 95% CI
0.42 [0.11, 1.63]

Risk Ratio
M-H, Fixed, 95% CI

0.42 [0.11, 1.63]
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Figure 20:

Dizziness at 2 years

Study or Subgroup
Cardio-Sis (Verdechhia 2009)

<130mmHg
<140mmHg
Events Total Events Total Weight
2
558
4
553 100.0%

Total (95% CI)
Total events
2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.81 (P = 0.42)

558

553 100.0%

Risk Ratio
M-H, Fixed, 95% CI
0.50 [0.09, 2.69]

Risk Ratio
M-H, Fixed, 95% CI

0.50 [0.09, 2.69]
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Figure 21:

Mean reduction in systolic blood pressure at 2 years

Study or Subgroup
Cardio-Sis (Verdechhia 2009)

<130mmHg
<140mmHg
Mean Difference
Mean SD Total Mean SD Total Weight
IV, Fixed, 95% CI
-27.3 11 558 -23.5 10.6
553 100.0% -3.80 [-5.07, -2.53]

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 5.86 (P < 0.00001)

558

Mean Difference
IV, Fixed, 95% CI

553 100.0% -3.80 [-5.07, -2.53]

3
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Appendix F: GRADE tables

2 Table 18: Clinical evidence summary: Below 120 mmHg versus below 140 mmHg (non-diabetic population)
Quality assessment

No of
studies

Design

Risk of
bias

No of patients

Inconsistency Indirectness Imprecision

Other
considerations

120mmHg
versus
140mmHg

Control

Effect

Relative
(95% CI)

Quality

Importance


LOW

CRITICAL

Absolute

All-cause mortality (follow-up median 3.26 years)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

serious1

Serious2

none

85/3348
(2.5%)

115/3367
(3.4%)

RR 0.74 9 fewer per 1000
(0.56 to 0.98) (from 1 fewer to
15 fewer)

serious1

very serious2 none

35/3348
(1%)

43/3367
(1.3%)

RR 0.82 2 fewer per 1000

(0.53 to 1.28) (from 6 fewer to VERY LOW
4 more)

serious1

Serious2

none

53/3348
(1.6%)

71/3367
(2.1%)

RR 0.75 5 fewer per 1000
(0.53 to 1.07) (from 10 fewer to
1 more)

serious1

no serious
imprecision

none

21/3348
(0.63%)

48/3367
(1.4%)

RR 0.44 8 fewer per 1000
IMPORTANT

(0.26 to 0.73) (from 4 fewer to MODERATE
11 fewer)

Stroke (follow-up median 3.26 years)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

CRITICAL

Myocardial infarction (follow-up median 3.26 years)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency


LOW

CRITICAL

Heart failure (follow-up median 3.26 years)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

Acute kidney injury (follow-up median 3.26 years)
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1

no
serious
risk of
bias

no serious
inconsistency

serious1

13 more per
1000 (from 5
more to 25
more)

IMPORTANT

MODERATE

no serious
imprecision

none

82/3348
(2.4%)

38/3367
(1.1%)

RR 2.17
(1.48 to 3.18)

serious1

no serious
imprecision

none

140/3348
(4.2%)

40/3367
(1.2%)

RR 3.52
30 more per
IMPORTANT

(2.49 to 4.99) 1000 (from 18 MODERATE
more to 47
more)

serious1

no serious
imprecision

none

59/3348
(1.8%)

28/3345
(0.84%)

RR 2.11 9 more per 1000
IMPORTANT

(1.35 to 3.29) (from 3 more to MODERATE
19 more)

none

38/3348
(1.1%)

48/3345
(1.4%)

RR 0.79 3 fewer per 1000
(0.52 to 1.21) (from 7 fewer to
3 more)


LOW

IMPORTANT

>30% reduction in eGFR (follow-up median 3.26 years)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

Hypotension (follow-up median 3.26 years)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

Orthostatic hypotension with dizziness (follow-up median 3.26 years)
1

no
methodology
chosen

no
serious
risk of
bias

no serious
inconsistency

serious1

Serious2

Orthostatic hypotension without dizziness (follow-up median 3.26 years)
1

no
methodology
chosen

no
serious
risk of
bias

no serious
inconsistency

serious1

Serious2

none

476/3348
(14.2%)

555/3345
(16.6%)

RR 0.86
(0.77 to 0.96)

23 fewer per
1000 (from 7
fewer to 38
fewer)


LOW

IMPORTANT

serious1

Serious2

none

109/3348
(3.3%)

71/3345
(2.1%)

RR 1.53
(1.14 to 2.06)

11 more per
1000 (from 3
more to 22
more)


LOW

IMPORTANT

Syncope (follow-up median 3.26 years)
1

no
methodology
chosen

no
serious
risk of
bias

no serious
inconsistency

Injurious falls (follow-up median 3.26 years)
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1

no
serious
risk of
bias

no serious
inconsistency

serious1

Serious2

none

104/3348
(3.1%)

84/3345
(2.5%)

none

3348

3367

-

3348

3367

-


LOW

IMPORTANT

MD 15mmHg
lower (14.7 to
15.4 higher)


LOW

IMPORTANT

MD 1 higher
(0.94 to 1.06
higher)


LOW

IMPORTANT

RR 1.24 6 more per 1000
(0.93 to 1.64) (from 2 fewer to
16 more)

Mean blood pressure (follow-up 6 months; Better indicated by lower values)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

very serious2 no serious
imprecision

Mean number of medications (follow-up median 3.26 years; Better indicated by lower values)
1

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

very serious1 no serious
imprecision

none

1 1 The majority of the evidence included an indirect outcome or intervention (downgrade by 1 increment) or a very indirect outcome or intervention (downgrade by 2
2 increments)
3 2 Downgraded by 1 increment if the confidence interval crossed 1 MID or by 2 increments if the confidence interval crossed both MIDs.
4
5 Table 19: Clinical evidence summary: Below 120 mmHg versus below 140mmHg (diabetic population)
Quality assessment

No of patients

Effect
Quality Importance

No of
studies

Design

Risk of
bias

Inconsistency

Indirectness Imprecision

Other
considerations

120mmHg versus
140mmHg (diabetic
population)

Control

Relative
(95% CI)

Absolute

Stroke (non-fatal), myocardial infarction (non-fatal), cardiovascular disease (fatal; follow-up median 3.26 years)
1

6
7

1

randomised no serious no serious
trials
risk of bias inconsistency

no serious
indirectness

Very
serious1

none

21/1558
(1.3%)

23/1582
(1.5%)

RR 0.93
(0.52 to
1.67)

Downgraded by 1 increment if the confidence interval crossed 1 MID or by 2 increments if the confidence interval crossed both MIDs.

1 fewer per 1000  CRITICAL
(from 7 fewer to 10 LOW
more)
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1

No of
studies

Design

Risk of
bias

Inconsistency

No of patients

Indirectness Imprecision

Other
considerations

Effect

<130mmHg versus
Relative
<140mmHg (nonControl
(95% CI)
diabetic population)

Quality

Importance

Absolute

All-cause mortality at 2 years (follow-up mean 2 years)
1

randomised no serious no serious
trials
risk of bias inconsistency

no serious
indirectness

Very
serious1

none

4/558
(0.72%)

5/553
(0.9%)

2 fewer per 1000
(from 7 fewer to
18 more)


LOW

CRITICAL

no serious
indirectness

Very
serious1

none

4/558
(0.72%)

9/583
RR 0.46 8 fewer per 1000
(1.5%) (0.14 to 1.5) (from 13 fewer to
8 more)


LOW

CRITICAL

Very
serious1

none

4/558
(0.72%)

6/553
(1.1%)

RR 0.66
(0.19 to
2.33)

4 fewer per 1000
(from 9 fewer to
14 more)


LOW

CRITICAL

no serious
indirectness

Very
serious1

none

3/558
(0.54%)

7/553
(1.3%)

RR 0.42
(0.11 to
1.63)

7 fewer per 1000
(from 11 fewer to
8 more)


LOW

IMPORTANT

serious3

Very
serious1

none

2/558
(0.36%)

4/553
(0.72%)

RR 0.5
(0.09 to
2.69)

4 fewer per 1000
IMPORTANT

(from 7 fewer to VERY LOW
12 more)

RR 0.79
(0.21 to
2.94)

Stroke at 2 years (follow-up mean 2 years)
1

randomised no serious no serious
trials
risk of bias inconsistency

Myocardial infarction at 2 years (follow-up mean 2 years)
1

randomised no serious no serious
trials
risk of bias inconsistency

no serious
indirectness

Heart failure admission at 2 years (follow-up mean 2 years)
1

randomised no serious no serious
trials
risk of bias inconsistency

Dizziness at 2 years (follow-up mean 2 years)
1

randomised serious2
trials

no serious
inconsistency

Mean reduction in blood pressure (follow-up mean 2 years; Better indicated by lower values)
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1 Table 20: Clinical evidence summary: Below 130 mmHg versus below 140 mmHg (non-diabetic population)

4

1

no serious
indirectness

serious1

none

558

553

-

MD 3.8 lower
(5.07 to 2.53
lower)

IMPORTANT

MODERATE

Downgraded by 1 increment if the confidence interval crossed 1 MID or by 2 increments if the confidence interval crossed both MIDs
Downgraded by 1 increment if the majority of the evidence was at high risk of bias and downgraded by 2 increments if the majority of the evidence was at very high risk of bias
3
The majority of the evidence included an indirect outcome (downgraded by 1 increment) or a very indirect outcome (downgraded by 2 increments)
2
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3

randomised no serious no serious
trials
risk of bias inconsistency
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Appendix G: Health economic evidence
selection
Figure 22:

Flow chart of health economic study selection for the guideline

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 1st sift, n=6,211
Records excluded* in 1st sift, n=5,938

Full-text papers assessed for eligibility
in 2nd sift, n=273
Papers excluded* in 2nd sift, n=238

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

Papers included, n=2

Papers selectively excluded,
n=4

Studies excluded by review:

Studies included by review:
•
•
•
•
•
•
•
•
•
•

Diagnosis: n=1
Monitoring: n=1
Initiation threshold: n=0
Type of target: n=0
Target level: n=0
Step 1 treatment: n=0
Step 2/3 treatment: n=0
Step 4 treatment: n=0
Relaxation: n=0
Same day review: n=0

Papers excluded, n=29

Studies selectively excluded
by review:
•
•
•
•
•
•
•
•
•
•

Diagnosis: n=2
Monitoring: n=2
Initiation threshold: n=0
Type of target: n=0
Target level: n=0
Step 1 treatment: n=0
Step 2/3 treatment: n=0
Step 4 treatment: n=0
Relaxation: n=0
Same day review: n=0

•
•
•
•
•
•
•
•
•
•

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 2/3 treatment: n=8
Step 4 treatment: n=0
Relaxation: n=0
Same day review: n=0

Reasons for exclusion: see
appendix I.2

Reasons for exclusion: see
appendix I.2
* Non-relevant population, intervention, comparison, design or setting; non-English language

3
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Appendix H: Health economic evidence
tables

3 None.
4

Appendix I: Excluded studies

I.1 5 Excluded clinical studies
6 Table 21: Studies excluded from the clinical review
Study (ID)

Exclusion reason

Anonymous 20173

Incorrect study design

Arguedas 20104

Literature review

Arima

20067

Aronow

Asayama
Bai

Incorrect population

20188

Systematic review, references checked

20179

Incorrect comparison, Incorrect population

201510

Incorrect interventions

Baker 200011

Incorrect population

Bangalore

201313

Not guideline condition

Bangalore

201412

Not guideline condition

Bangalore

201614

Editorial paper

Bangalore

201715

Not guideline condition

Barry 201616

Conference abstract

Bavishi

201717

Systematic review, references checked

Beddhu

201819

CKD subgroup of ACCORD and SPRINT

Beddhu

201818

Subgroup analysis, not relevant

Benavente

201321

Incorrect population

Berlowitz 201722

No relevant outcomes

Blackburn 201323

Study protocol

Blood Pressure Lowering Treatment Trialists
200824

Systematic review, references checked

Bohm 201825

Incorrect study population

Brubaker

201626

Literature review

Brunström 201827
Burla

Incorrect population

Cardio-sis study group
Chang
Chi

No relevant outcomes

201428
201730

Systematic review, references checked

201833

Cushman 199835
Daskalopoulou
Drawz

201737

Protocol
No relevant outcomes

201832

Chrysant

200829

201236

Incorrect study design - literature review
No useable outcomes, Incorrect comparison
Guideline
No relevant outcomes

Estacio

200039

Incorrect population

Estacio

200638

Incorrect population

Fan 201740

Incorrect comparison
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Excluded studies
Study (ID)
Feldstein

Exclusion reason

201041

Literature review

Fletcher

201642

Incorrect population

Garrison

201743

Systematic review, references checked

Gould

201344

Conference abstract

Gradman 201745
Hassanein
Ho

Literature review

200946

Less than minimum duration

201747

Hosohata
Howard

Protocol
200748

No relevant outcomes

200849

Incorrect comparison (combination with statins)

Hyman 200950
Ichihara

Literature review

200351

Ishikawa

No relevant outcomes

200852

Ismail-Beigi

Incorrect study design
Incorrect comparison (combination with
glycaemia targets)

201253

Jafar 201554

Incorrect comparison

Janssen 200955

Incorrect comparison

JATOS study group

200556

Incorrect intervention(not available in the UK)

JATOS study group

200857

Incorrect intervention(not available in the UK)

Johnson

201858

Wrong comparisons

Jonsson

200359

Published before cut off date

Karmali 201860

Systematic review, references checked

Kawano

201161

Incorrect intervention(not available in the UK)

Kjeldsen

200862

Incorrect population

Lachouri

200963

Incorrect study design

Lee

Incorrect study population - diastolic
hypotension subgroup of SPRINT trial

201864

Liu 201765
Ma

Systematic review, references checked

201566

Incorrect population

Mancia

201668

Incorrect study design

Mancia

201867

Systematic review, references checked

Manning

201469

Mariampillai 201670
McBrien

201271

McCormick
McManus
Miskulin

201672

201473

201874

Incorrect population
Meta-analysis, references checked
Systematic review, references checked
Letter to editor
Incorrect comparison
Incorrect population

Moon 201175

Abstract

Mosenkis 200476

Not article

Nielsen
Odden

201680

201682

Incorrect population
Incorrect population

Ogihara

200883

Incorrect study design, Incorrect population

Ogihara

201084

Incorrect population

Papadopoulou 201885
Park

201786

Pergola
Pool

201488

200989

Systematic review, references checked
Incorrect population
Incorrect population
Incorrect comparison
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Study (ID)
Rakugi

Rosenberg
Saiz

Exclusion reason

201090

Incorrect intervention(not available in the UK)

201692

Literature review

201793

Schrier

Incorrect comparison

200294

Incorrect comparison

Schrier 200295

Incorrect comparison

201796

Soliman

Solomon
Song

SPRINT subgroup analysis (not relevant)

201097

Less than minimum duration

201698

Stewart

Incorrect study design

201599

Abstract

Still 2017100
Supiano

Subgroup analysis, not relevant

2017101

Literature review

Thomopoulos

2014102

Incorrect population

Thomopoulos

2016103

Systematic review, references checked

Thomopoulos

2016104

Incorrect comparison

Tucker 2015105

Incorrect comparison

Turnbull 2003106

Incorrect comparison

Turnbull
Ueki

2005107

Systematic review, references checked

2016108

Incorrect comparison

UK Prospective Diabetes Study Group
Verdecchia

2016110

Volpe 2011112
Wang

2005113

Weber
Wei

2016114

2013115

Weiss

2017116

Williamson 2016117
Zheng

2015119

1998109

Before cut-off date
Not available
Not available
Systematic review, Incorrect comparison
Not available
Incorrect population
Systematic review, references checked
SPRINT subgroup analysis (not relevant)
Incorrect study design

I.2 1 Excluded health economic studies
2 Table 22: Studies excluded from the health economic review
Reference

Reason for exclusion

Clarke 200534

This study was assessed as not applicable because the clinical trial
the economic evaluation is based on is dated prior to the clinical
protocol date cut-off of 2000.

Jonsson 200359

This study was assessed as not applicable because the clinical trial
the economic evaluation is based on is dated prior to the clinical
protocol date cut-off of 2000.

Penaloza-Ramos 201687

This study was assessed as not applicable as it was a high risk
population of people with a history of stroke.

3
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1

Appendix J: Research recommendations

J.1 2 Targets
3 Research question: What is the optimum blood pressure target for people aged over
4 80 with treated primary hypertension?
5 Why this is important:
6
7
8
9
10
11

Stroke and heart failure are major causes of mortality and morbidity in older people. These
conditions can result in loss of independence and a severe reduction in quality of life. A
major modifiable risk factor for both stroke and heart failure is hypertension, and evidence
exists to show that drug treatment can reduce rates of death from stroke and heart failure in
selected older populations. However, considerable observational data confirms a U-shaped
relationship between blood pressure and mortality in people aged 80 and over.

12
13
14
15
16
17

Antihypertensive medication has potential side effects to which older people are particularly
prone. There is a need to find the optimal balance between lowering blood pressure with
medication and the frequency with which adverse reaction to medication occurs. How
intensive should blood pressure treatment in the older person be, and how should treatment
targets be modified in those who are frail, have cognitive impairment or who have a low
diastolic blood pressure (BP)?

18 Criteria for selecting high-priority research recommendations:
PICO question

Population: People aged 80 and over diagnosed with hypertension
(including subgroups: presence or absence of frailty, cognitive impairment,
or low diastolic BP at baseline).
Intervention(s): Treatment of hypertension to a target blood pressure of
below140/90 as measured in the UK general practice clinical setting or a
home or ambulatory blood pressure target of below 135/85.
Comparison: Treatment of hypertension to a target blood pressure of
below 150/90 as measured in the UK general practice clinical setting or a
home or ambulatory blood pressure target of below 145/85.
Outcome(s): All-cause mortality, stroke (ischaemic or haemorrhagic),
myocardial infarction, hospitalisation due to angina, heart failure, acute
kidney injury or falls, discontinuation or dose reduction of antihypertensive
agents due to side-effects and comparison of health related quality of life.

Importance to
patients or the
population

Evidence indicates that in selected older people treating to a target blood
pressure of below 150/90 reduces the rate of all-cause mortality, stroke
and heart failure with an acceptable rate of adverse reaction to
medication. A recent study suggested that there might be additional
benefit to treating to a lower target. However, the positive results seen in
selected populations may not be replicated when the same treatments are
applied to those who are at higher risk of adverse effects of medication.

Relevance to NICE
guidance

Evidence on treating to a lower blood pressure target in people aged over
80 would inform future updates of this guidance. Current guidance
recommends a lower blood pressure target for people aged under 80 of
below 140/90, as evidence is lacking for more intensive treatment in those
aged 80 and over, especially. Current guidance recommends a target of
below 150/90 in those aged 80 and over.

Relevance to the
NHS

There is the potential to reduce mortality and morbidity in people aged 80
and over. This could in turn results in cost savings.

National priorities

This is consistent with the National Service Framework for Older People

Current evidence
base

The only randomised controlled clinical trial of treatment targets for
hypertension in older people was comparing a target of below 150 mmHg
to no treatment, which was included in the previous guideline iteration.
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Other studies comparing more intensive targets to less intensive targets
were included within this review, but none of these looked specifically at
people aged over 80. Further research is therefore required to determine if
the benefits of intensive treatment outweigh the risks in UK general
practice.
Equality

The frail elderly are more at risk of adverse reaction to antihypertensive
agents and therefore need special consideration

Study design

Randomised clinical trial (RCT)

Feasibility

Feasibility issues relate to funding and recruitment. The study would be
based in UK primary care and may utilise the existing primary care
research networks. The previous study recruited 2,510 people aged 75
and over. A comparative cohort design may help overcome some of the
recruitment issues in this population, however it may be less informative to
future updates of the guideline and hasn’t been recommended for that
reason.

Other comments

None

Importance

High: the research is essential to inform future updates of key
recommendations in the guideline.

1
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