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Online Appendix 1. Unpublished study methods.
Meta-analysis 1.

Picone et al

52 participants undergoing cardiac catheterization at the Royal Hobart Hospital were studied. Exclusion criteria
included arrhythmia or acute myocardial infarction. Upon completion of the diagnostic cardiac catheterization, a
fluid-filled catheter was positioned in the ascending aorta and confirmed by fluoroscopy. The catheter was
flushed and continuous, stable pressure waveform recordings were made for 20 seconds. The catheter was then
immediately pulled back to the brachial artery (mid-humerus and confirmed by fluoroscopy) and flushed before
recordings were made. A brachial cuff (placed on the contra-lateral upper arm as part of concurrent studies) was
then inflated. Stable brachial pressure waveform recordings 20 seconds prior to the completion of cuff deflation
were used in the analysis. No major haemodynamic shift between the aortic and brachial BP measurements was
observed. The intra-arterial pressure signal was converted from Volts to mm Hg via a 2-point calibration
method (LabChart version 7.1, AD Instruments, Colorado Springs, CO, USA). The University of Tasmania
Health and Medical Human Research Ethics Committee approved the study protocol and participants signed
informed consent.

Cheng et al
Study methods were the same as those for Cheng et al, 2010.

Pucci et al

29 participants undergoing diagnostic catheterization were studied. Exclusion criteria were: history of peripheral
arterial disease, aortic aneurysm, absent brachial or radial pulses or known obstructive large artery
atherosclerotic disease, active malignancy, hypotension (SBP <90mmHg), valvular heart disease, known left
ventricular dysfunction (ejection fraction <50%) or arrhythmias (including frequent ventricular and
supraventricular premature beats). A fluid-filled catheter was used for all haemodynamic recordings. Firstly,
intra-arterial ascending aortic BP was recorded and then the catheter was pulled back to the brachial artery site
(using a pre-defined length) in about 5-10 seconds. Intra-arterial brachial artery BP was then recorded. The
fluid-filled catheter-manometer system (ACIST medical systems, Eden Prairie, MN, USA). The study protocol
was reviewed and approved by the institutional

ethics committee. Written informed consent was obtained from each patient.

Meta-analysis 2.

Picone et al

40 participants undergoing cardiac catheterization at the Royal Hobart Hospital were studied. Exclusion criteria
included arrhythmia or acute myocardial infarction. Upon completion of the diagnostic cardiac catheterization, a
fluid-filled catheter was positioned mid-humerus. A brachial cuff (placed on the contra-lateral upper arm) was
then inflated whilst intra-arterial BP waveforms were simultaneously recorded. The intra-arterial pressure 20
seconds prior to the completion of cuff deflation was used in the analysis. The intra-arterial pressure signal was
converted from Volts to mm Hg via a 2-point calibration method (LabChart version 7.1, AD Instruments,
Colorado Springs, CO, USA). The University of Tasmania Health and Medical Human Research Ethics
Committee approved the study protocol and every participant signed informed consent.

Cheng et al
Study methods were the same as those for Cheng et al, 2010.

Pucci et al

29 participants undergoing diagnostic catheterization were studied. Exclusion criteria were: history of peripheral
arterial disease, aortic aneurysm, absent brachial or radial pulses or known obstructive large artery
atherosclerotic disease, active malignancy, hypotension (SBP <90mmHg), valvular heart disease, known left
ventricular dysfunction (ejection fraction <50%) or arrhythmias (including frequent ventricular and
supraventricular premature beats). A fluid-filled catheter was used for brachial artery recordings (ACIST
medical systems, Eden Prairie, MN, USA). Brachial cuff BP was measured simultaneously with intra-arterial
brachial artery BP from the contralateral arm. The study protocol was reviewed and approved by the
institutional

ethics committee. Written informed consent was obtained from each patient.



Meta-analysis 3.

Broyd et al

Patients undergoing diagnostic angiography were recruited. Prior to angiography the brachial cuff of an
oscillometric device was applied to the left upper arm. Intra-arterial access was achieved through either a radial
or femoral approach and a 6 French catheter was inserted into the ascending aortic under fluoroscopic guidance
and positioned approximately 1cm above the aortic valve. Central pressure was collected intra-arterially from
the tip of the fluid-filled catheter using a Combomap console (Volcano Corporatino, San Diego, CA). Prior to
each measurement, catheters were flushed and the BP trace visually inspected for quality. During all recordings,
transducers were maintained at heart level. A simultaneous non-invasive measure was recorded using the
suprasystolic blood pressure device (Pulsecor R6.5; Auckland, New Zealand), ensuring a signal quality was
excellent. Meticulous attention was paid to the timing of the non-invasive data acquisition and the identical
portion of the intra-arterial data was exported.

Cheng et al
Study methods were the same as those for Cheng et al, 2010.

Korolkova et al
Study methods were the same as those for Park et al, 2014.

Picone et al

We studied 146 participants undergoing cardiac catheterization at the Royal Hobart Hospital. Exclusion criteria
included arrhythmia, aortic stenosis or acute myocardial infarction. Prior to the cardiac angiogram, a fluid-filled
catheter was positioned in the ascending aorta, confirmed by fluoroscopy. The catheter was flushed and
recording commenced. An oscillometric cuff was then inflated to obtain brachial cuff BP. Ten seconds of steady
state intra-arterial aortic BP was analysed, and this was recorded approximately 10 seconds after the brachial
cuff BP, to coincide with non-invasive central BP estimation. The intra-arterial pressure signal was converted
from Volts to mm Hg via a 2-point calibration method (LabChart version 7.1, AD Instruments, Colorado
Springs, CO, USA). The University of Tasmania Health and Medical Human Research Ethics Committee
approved the study protocol and every participant signed informed consent.

Pucci et al

29 participants undergoing diagnostic catheterization were studied. Exclusion criteria were: history of peripheral
arterial disease, aortic aneurysm, absent brachial or radial pulses or known obstructive large artery
atherosclerotic disease, active malignancy, hypotension (SBP <90mmHg), valvular heart disease, known left
ventricular dysfunction (ejection fraction <50%) or arrhythmias (including frequent ventricular and
supraventricular premature beats). A fluid-filled catheter was used for intra-arterial aortic BP recordings
(ACIST medical systems, Eden Prairie, MN, USA). Intra-arterial ascending aortic BP was recorded and then the
catheter was pulled back to the brachial artery site (using a pre-defined length) in about 5-10 seconds. Brachial
cuff BP was measured simultaneously with intra-arterial brachial artery BP. Brachial cuff BP and intra-arterial
aortic BP data was extracted and used in the present meta-analysis.



Online Appendix 2. Methods for data extraction from published tables.
Meta-analysis 1
Gould and Shariff et al, 1969*

Data were extracted from Table 1 on page 35 of the publication. Intra-arterial aortic BP was extracted from the
column labelled “Aorta”, and intra-arterial brachial BP from the column labelled “B.A”.

Kavanagh-Gray, 19642

Data were extracted from Table | page 1469 of the publication. Clinical characteristics were extracted from the
“Sex” and “Age” columns. Intra-arterial brachial systolic and diastolic BP was extracted from the column
“Brachial artery pressure (mm. Hg) S/D”. Intra-arterial aortic systolic and diastolic BP were extracted from the
column “Central aortic pressure (mm. Hg) S/D”.

Kelly et al, 19903

Data were extracted from Table | on page 141 of the publication. Clinical characteristics were extracted from
the “Age” and “Sex” columns. Intra-arterial ascending aortic systolic and diastolic BP were extracted from the
columns labelled “AA systolic” and “AA diastolic”. Intra-arterial brachial systolic and diastolic BP were
extracted from the columns labelled “BA systolic” and “BA diastolic”. Heart rate data was extracted from the
column labelled “Heart rate”. In all cases only the data labelled “C” were extracted because this was collected
under control (baseline conditions.

Meta-analysis 2
Berliner et al, 1961*
Table 1 (pages 11-12) of the publication reported the brachial cuff BP and the highest and lowest intra-arterial
brachial BP taken during a simultaneous recording period. The highest and lowest intra-arterial brachial BP
values were averaged and used in the meta-analysis.
Freis et al, 1968°
Data was extracted from Table 5 of the publication (page 1093) and used for analysis.
Gelman et al, 1981°
Table 2 of the publication (page 370) reported a “representative raw data sample” of Group 3 (Cardiac

catheterizations). Data from five subjects was reported and the IBP column (brachial cuff BP) and the BAP
column (intra-arterial brachial BP) were extracted and used in the meta-analysis.

Hunyor et al, 19787

This study compared seven different brachial cuff BP device against intra-arterial brachial BP in nine
participants. The individual data was presented in Table 2 (page 161). Data from the comparison between
brachial cuff BP device “Accoson” (a standard mercury sphygmomanometer) and intra-arterial brachial BP was
used in the meta-analysis.

Raftery and Ward, 19682

Data were extracted from Table 1 (page 212) of the publication. Age, height, weight were extracted as clinical
characteristics. Brachial cuff systolic and diastolic BP data were extracted from the “indirect” column in the
“systolic” section and the “Phase V diastolic” section. Intra-arterial brachial BP were extracted from the “direct”

columns of the same sections of the table.

Roberts et al, 1953°



Table 1 of the publication (pages 234-235) reported the individual brachial cuff and intra-arterial brachial BP
data. Column 4 reported the brachial cuff data and was labelled “Cuff”. This column corresponded to the intra-
arterial brachial column labelled “Sanb.” Both these columns were extracted and used in analysis. The diastolic
BP extracted was from the 5™ Korotkoff sound, unless this value was 0, in which case, the 4" Korotkoff sound
was extracted.

Meta-analysis 3
Borow et al, 19821° Y

Clinical data (age, sex and heart rate) were extracted from Table | on page 881 of the publication. Systolic and
diastolic blood pressure data from the “Mean Ao” and “Mean Din” columns were extracted from Table II on
page 882 of the publication. “Din” refers to the brachial cuff device that was used in the study, the Dinamap
845.

Nagle et al, 1966

This study comprised two subjects. The supine resting “direct recording” and “auscultation” systolic and
diastolic blood pressures were extracted from Table 1. Heart rate during supine rest was extracted from Table 2,
as well as subject age and weight. Under the heading “Procedures” in the text of the publication, the authors
state that both subjects are male.



Online Appendix 3. Description of study quality score attributes

Meta-analysis 1

A study quality score was developed to assess the methods used in each study included in the meta-analysis.
The scoring system considered five study attributes and one point was awarded per attribute when the highest
standard was achieved. If the highest standard was not achieved for an attribute, then a zero was assigned for
that attribute. Thus a study could achieve a score from 0 to 5 points. A description is presented below.

1. Type of catheter
a) micromanometer tip: 1 point OR
b) fluid filled catheter manometer system — description of frequency and damping characteristics: 1 point
OR
c) Fluid filled catheter manometer system — insufficient detail for b): 0 points

2. Sequence of aortic and brachial BP measurements
a) Simultaneous: 1 point] OR
b) sequential, describing the time between measurements and that no major haemodynamic changes
occurred: 1 point[1 OR
c) sequential, insufficient detail for b): 0 points

3. Position of catheter in aorta/brachial artery
a) described with sufficient detail to ascertain position (aortic BP was required to be measured in the
proximal aorta or aortic arch): 1 point OR
b) general description: 0 points

4. Pressure wave capture length
a) > 1 beat of continuously captured data, with a description that the recording was of good quality (i.e
period of capture was stable): 1 point OR
b) 1 beat: 0 points OR
c) or no description: 0 points

5. Participant characteristics

a) description of patient inclusion/exclusion criteria (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 1 point OR

b) detailed description of the patient clinical characteristics (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 1 point OR

€) no, or poor, description of the patient inclusion/exclusion criteria (with reference to conditions that may
cause haemodynamic instability / difficulty to obtain accurate measurements): 0 points OR

d) no or poor description of patient clinical characteristics (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): O points

Meta-analysis 2

A study quality score was developed to assess each study included in the meta-analysis. The scoring system
considered six study attributes and one point was awarded per attribute when the highest standard was achieved.
If the highest standard was not achieved for an attribute, then a zero was assigned for that attribute. Thus a study
could achieve a score from 0 to 6 points. A description is presented below.
1. Type of catheter used

a) micromanometer tip: 1 point OR

b) fluid filled catheter manometer system — description of frequency and damping characteristics: 1 point

OR
c) Fluid filled catheter manometer system — insufficient detail for b): 0 points
2. Sequence of brachial cuff and intra-arterial brachial BP measurement protocol

a) Simultaneous: 1 point OR [



b) sequential, describing the time between measurements and that no major haemodynamic changes
occurred: 1 point OR
c) sequential, insufficient detail for b): O points

3. Position of catheter in brachial artery

a) described with sufficient detail to ascertain position: 1 point OR
b) general description: 0 points

4. Pressure wave capture length

a) > 1 beat of continuously captured data, with a description that the recording was of good quality (i.e
period of capture was stable): 1 point OR

b) 1 beat: 0 points OR

c) or no description: 0 points

5. Patient characteristics description

a) description of patient inclusion/exclusion criteria (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 1 point OR

b) detailed description of the patient clinical characteristics (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 1 point OR

c) no, or poor, description of the patient inclusion/exclusion criteria (with reference to conditions that may
cause haemodynamic instability / difficulty to obtain accurate measurements): 0 points OR

d) no or poor description of patient clinical characteristics (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 0 points

Meta-analysis 3

A study quality score was developed to assess the risk of bias for each study included in the meta-analysis. The
scoring system considered five study attributes and one point was awarded per attribute when the highest
standard was achieved. If the highest standard was not achieved for an attribute, then a zero was assigned for
that attribute. Thus a study could achieve a score from 0 to 5 points. A description is presented below.

1. Type of catheter

a) micromanometer tip: 1 point OR

b) fluid filled catheter manometer system — description of frequency and damping characteristics: 1 point
OR

c) Fluid filled catheter manometer system — insufficient detail for b): 0 points

2. Sequence of aortic and brachial BP measurements

a) Simultaneous: 1 point] OR

b) sequential, describing the time between measurements and that no major haemodynamic changes
occurred: 1 pointl] OR

c) sequential, insufficient detail for b): 0 points

3. Position of catheter in aorta/brachial artery

a) described with sufficient detail to ascertain position (aortic BP was required to be measured in the
proximal aorta or aortic arch): 1 point OR
b) general description: 0 points

4. Pressure wave capture length

a) > 1 beat of continuously captured data, with a description that the recording was of good quality (i.e
period of capture was stable): 1 point OR

b) 1 beat: 0 points OR

c) or no description: 0 points



5. Participant characteristics

a)
b)
c)
d)

description of patient inclusion/exclusion criteria (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 1 point OR

detailed description of the patient clinical characteristics (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): 1 point OR

no, or poor, description of the patient inclusion/exclusion criteria (with reference to conditions that may
cause haemodynamic instability / difficulty to obtain accurate measurements): 0 points OR

no or poor description of patient clinical characteristics (with reference to conditions that may cause
haemodynamic instability / difficulty to obtain accurate measurements): O points



Online Appendix 4. Additional statistical methods

Mean absolute difference was calculated as the absolute value of the BP difference at the
individual participant level. This approach provides a measure of agreement between a
“predicted” value (cuff BP) and “observed” value (intra-arterial BP). Linear mixed modelling
was used for one-stage meta-analysis to account for the clustering of individuals within
studies.

Each individual data set was normally distributed except for mean absolute difference data
which were square root transformed to obtain normal distributions and back transformed for
presentation.

In several studies, multiple brachial cuff devices were tested on the same subjects. In each of
these cases, the preference was to use mercury sphygmomanometry data, because this is the
current brachial cuff reference standard. This protocol was used to ensure that each subject
was included once in the analysis so that there was not greater weighting toward certain data
where variance may be reduced due to data being from the same subject.

Subject characteristic analysis (Online Tables 13-15) was derived from individual data, and
in the cases that this was unavailable, aggregate data extracted from published studies was
used. Therefore, two-stage meta-analysis was used to calculate the subject characteristics.

Using linear mixed modelling, clinical and demographic factors (Online Tables 19-20) were
assessed to determine correlations and potential predictors of the difference between cuff BP
and intra-arterial brachial or aortic BP. This analysis was performed in a subset of studies
where the variables (e.g. age, sex, body mass index) were available.

Sensitivity analyses were among studies that received the maximum study quality score to
assess whether results were influenced by study design factors (Online Tables 20-22) and
separately to assess published, compared with unpublished data sources (Online Tables 23-
25). These analyses were completed using linear mixed modelling, with the study score or
publication status included as a variable (0=non-maximum rated study, 1=maximum rated
study and O=published, 1=published). Linear mixed models were also used for sensitivity
analysis of the number of cuff BP measures (O=single cuff BP or uncertain, 1=average of
multiple cuff BP) and type of catheter (O=fluid-filled, 1=micromanometer-tipped). BP
classification analysis was performed separately for single cuff BP (or uncertain number of
measurements) compared with average of multiple cuff BP measurements.
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Online Appendix 5. Reasons for discrepancies between number of subjects analysed
with number of subjects reported in publication.

Meta-analysis 1

Kavanagh-Gray, 19642

50 subjects in publication, 49 used in analysis.

One extreme data point judged to be non-physiological was identified whereby aortic SBP was 120 mm Hg and
brachial SBP 250 mm Hg. 2 The subject was a 24-year-old male with aortic valvular incompetence. This data
was extracted from a published table and we were unable to contact the relevant author to verify this result and,
therefore, removed this subject from all analyses.

Meta-analysis 2
Bos et al, 199212
76 subjects in publication, 57 used in analysis.
Group A (n=19) was excluded because the intra-arterial BP was measured in the aorta.

Gelman et al, 1981°

20 subjects in publication, 5 used in analysis.

Data was extracted from a table in the publication (see Online Appendix 2), however, individual data was only
reported for five subjects.

Gould et al, 198413
26 subjects in publication, 28 used in analysis.
Extra data available from the raw thesis data provided.

Melamed et al, 2012

53 subjects in publication, 3 used in analysis.

47 patients excluded because the radial artery was used for intra-arterial BP measurement. A further three
subjects were excluded due to data being recorded in the presence of a blood conserving device that was
determined to influence the natural frequency of the intra-arterial pressure system and therefore may affect the
accuracy of these measurements.

Muecke et al, 20093
18 subjects in publication, 2 used in analysis.
16 patients excluded because the radial artery was used for intra-arterial BP measurement.

Sagiv et al, 1999%°
14 subjects in publication, 12 used in analysis.
Data was extracted from a scatter plot (see Online Table 3), however, could not be extracted for two subjects.

Vardan et al, 198316
26 subjects in publication, 24 used in analysis.
Data was extracted from a scatter plot (see Online Table 3), however, could not be extracted for two subjects.

Meta-analysis 3

Aakhus et al, 1993%
26 subjects in publication, 28 used in analysis.
Extra data was available from the author that was not used in the original publication.

Bos et al, 199212

76 subjects in publication, 19 used in analysis.

Groups B, C and D (n=13, 15, 29) were excluded because the intra-arterial BP was measured in the brachial
artery.

Cremer et al, 2012

145 subjects in publication, 144 used in SBP analysis, 142 in DBP and PP analysis.
One data point unavailable for all analysis. 2 subjects did not have intra-arterial DBP available.

11



Laugesen et al 2014%/Rossen et al, 2014%°

34 subjects in Laugesen et al, 22 in Rossen et al. 37 total used in analysis.

Data were pooled for analysis due to use of identical study protocols except for the type of cuff BP device.
Many subjects were included in both studies, therefore, all data from Laugesen et al was used, and additional
subjects from the Rossen et al study were subsequently pooled for the analysis.

Lin ACetal, 2012 2°
37 subjects in publication, 35 used in analysis.
2 subjects excluded due to intra-arterial aortic BP recording in subclavian root.

Lowe et al, 2009%
16 subjects in publication, 37 used in analysis.
Extra data was available from the author that was not used in the original publication.

Pucci et al, 2013%2

50 subjects in publication, 58 used in analysis.

8 subjects excluded from publication due to poor quality radial tonometry waveforms. These are included in the
current analysis because the brachial cuff and intra-arterial aortic BP data was good quality.

Saul et al, 1995%
100 subjects in publication, 97 used in analysis.
Data was extracted from a scatter plot (see Online Table 3), however, could not be extracted for three subjects.

Smulyan et al, 2003%*
50 subjects in publication, 25 used in analysis.
25 subjects excluded due to recording of intra-aortic BP from the descending aorta.

Takazawa et al, 20122
66 subjects in publication, 52 used in analysis.
14 subjects excluded due to identical data in Takazawa et al, 20072,

Weber et al, 1999%

33 subjects in publication, 36 used in analysis.
Extra data was available from the author that was not used in the original publication.
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Online Appendix 6. Meta-analysis one results

In meta-analysis 1, brachial artery SBP was significantly higher than aortic SBP and PP (p<0.0001; Online
Figure 7A, C). On the other hand, brachial DBP was marginally, but significantly lower than aortic DBP
(p=0.038; Online Figure 7B). The range of differences for SBP, DBP and PP was large (-9 to 62 mmHgq, -22 to
25 mmHg and -17 to 62 mmHq respectively, Online Figure 8). The pooled correlation coefficients showed
strong associations between intra-arterial brachial and aortic SBP (r=0.92, 95%CI 0.88 to 0.95), DBP (r=0.93,
95%CI 0.91 to 0.95) and PP (r=0.89, 95%CI 0.86 to 0.93, p<0.0001 all, Online Figure 9).

Sensitivity analysis

Participants were significantly older and had higher intra-arterial brachial SBP and intra-arterial aortic PP in the
maximum rated compared to the non-maximum rated studies in meta-analysis 1. There were no other significant
differences between the maximum rated and non-maximum rated studies (p>0.05 all, Online Table 20). There
were no significant differences in BP values for published versus unpublished data (p>0.05, Online Tables 23).

13



Online Table 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses-

individual participant data (PRISMA-IPD) checklist.

PRISMA-IPD Item | Checklist item Reported
Section/topic No on page
Title
Title |1 | Identify the report as a systematic review and meta-analysis of individual participant data. | 1
Abstract
Structured 2 Provide a structured summary including as applicable: 3
summary - — —— - —

Background: state research question and main objectives, with information on participants,

interventions, comparators and outcomes.

Methads: report eligibility criteria; data sources including dates of last bibliographic

search or elicitation, noting that IPD were sought; methods of assessing risk of bias.

Results: provide number and type of studies and participants identified and number (%)

obtained; summary effect estimates for main outcomes (benefits and harms) with

confidence intervals and measures of statistical heterogeneity. Describe the direction and

size of summary effects in terms meaningful to those who would put findings into practice.

Discussion: state main strengths and limitations of the evidence, general interpretation of

the results and any important implications.

Other: report primary funding source, registration number and registry name for the

systematic review and IPD meta-analysis.
Introduction
Rationale 3 Describe the rationale for the review in the context of what is already known. 5-6
Obijectives 4 Provide an explicit statement of the questions being addressed with reference, as 6

applicable, to participants, interventions, comparisons, outcomes and study design

(PICOS). Include any hypotheses that relate to particular types of participant-level

subgroups.
Methods
Protocol and 5 Indicate if a protocol exists and where it can be accessed. If available, provide registration | Protocol
registration information including registration number and registry name. Provide publication details, available

if applicable. on request
Eligibility 6 Specify inclusion and exclusion criteria including those relating to participants, 7-8
criteria interventions, comparisons, outcomes, study design and characteristics (e.g. years when

conducted, required minimum follow-up). Note whether these were applied at the study or

individual level i.e. whether eligible participants were included (and ineligible participants

excluded) from a study that included a wider population than specified by the review

inclusion criteria. The rationale for criteria should be stated.
Identifying 7 Describe all methods of identifying published and unpublished studies including, as 7
studies - applicable: which bibliographic databases were searched with dates of coverage; details of
information any hand searching including of conference proceedings; use of study registers and agency
sources or company databases; contact with the original research team and experts in the field;

open adverts and surveys. Give the date of last search or elicitation.
Identifying 8 Present the full electronic search strategy for at least one database, including any limits Online
studies - search used, such that it could be repeated. Table 2
Study selection 9 State the process for determining which studies were eligible for inclusion. 7-8
processes
Data collection 10 Describe how IPD were requested, collected and managed, including any processes for 8
processes querying and confirming data with investigators. If IPD were not sought from any eligible

study, the reason for this should be stated (for each such study).

If applicable, describe how any studies for which IPD were not available were dealt with.

This should include whether, how and what aggregate data were sought or extracted from

study reports and publications (such as extracting data independently in duplicate) and any

processes for obtaining and confirming these data with investigators.

14




Data items 11 Describe how the information and variables to be collected were chosen. List and define 8
all study level and participant level data that were sought, including baseline and follow-
up information. If applicable, describe methods of standardising or translating variables
within the IPD datasets to ensure common scales or measurements across studies.
IPD integrity Al Describe what aspects of IPD were subject to data checking (such as sequence generation, | 8, Online
data consistency and completeness, baseline imbalance) and how this was done. Table 3
Risk of bias 12 Describe methods used to assess risk of bias in the individual studies and whether this was | 8
assessment in applied separately for each outcome. If applicable, describe how findings of IPD checking
individual were used to inform the assessment. Report if and how risk of bias assessment was used in
studies. any data synthesis.
Specification of | 13 State all treatment comparisons of interests. State all outcomes addressed and define them | 6, 8-9
outcomes and in detail. State whether they were pre-specified for the review and, if applicable, whether
effect measures they were primary/main or secondary/additional outcomes. Give the principal measures of
effect (such as risk ratio, hazard ratio, difference in means) used for each outcome.
Synthesis 14 Describe the meta-analysis methods used to synthesise IPD. Specify any statistical 9-10,
methods methods and models used. Issues should include (but are not restricted to): Online
Appendix
e Use of a one-stage or two-stage approach. 4
o How effect estimates were generated separately within each study and combined
across studies (where applicable).
e Specification of one-stage models (where applicable) including how clustering of
patients within studies was accounted for.
e Use of fixed or random effects models and any other model assumptions, such as
proportional hazards.
e How (summary) survival curves were generated (where applicable).
e Methods for quantifying statistical heterogeneity (such as 12 and ?).
e How studies providing IPD and not providing IPD were analysed together (where
applicable).
e How missing data within the IPD were dealt with (where applicable).
Exploration of A2 If applicable, describe any methods used to explore variation in effects by study or 9
variation in participant level characteristics (such as estimation of interactions between effect and
effects covariates). State all participant-level characteristics that were analysed as potential effect
modifiers, and whether these were pre-specified.
Risk of bias 15 Specify any assessment of risk of bias relating to the accumulated body of evidence, 9-10
across studies including any pertaining to not obtaining IPD for particular studies, outcomes or other
variables.
Additional 16 Describe methods of any additional analyses, including sensitivity analyses. State which of | 10
analyses these were pre-specified.
Results
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the systematic 10, Online
and IPD review with reasons for exclusions at each stage. Indicate the number of studies and Figures 1-6
obtained participants for which IPD were sought and for which IPD were obtained. For those
studies where IPD were not available, give the numbers of studies and participants for
which aggregate data were available. Report reasons for non-availability of IPD. Include a
flow diagram.
Study 18 For each study, present information on key study and participant characteristics (such as Online
characteristics description of interventions, numbers of participants, demographic data, unavailability of Tables 7-
outcomes, funding source, and if applicable duration of follow-up). Provide (main) 15
citations for each study. Where applicable, also report similar study characteristics for any
studies not providing IPD.
IPD integrity A3 Report any important issues identified in checking IPD or state that there were none. 11
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Risk of bias 19 Present data on risk of bias assessments. If applicable, describe whether data checking led | Online
within studies to the up-weighting or down-weighting of these assessments. Consider how any potential Tables 20-
bias impacts on the robustness of meta-analysis conclusions. 25
Results of 20 For each comparison and for each main outcome (benefit or harm), for each individual Figure 1,
individual study report the number of eligible participants for which data were obtained and show 2,3
studies simple summary data for each intervention group (including, where applicable, the number
of events), effect estimates and confidence intervals. These may be tabulated or included
on a forest plot.
Results of 21 Present summary effects for each meta-analysis undertaken, including confidence intervals | 11-13,
syntheses and measures of statistical heterogeneity. State whether the analysis was pre-specified, and | Figure 1,
report the numbers of studies and participants and, where applicable, the number of events | 2, 3
on which it is based.
When exploring variation in effects due to patient or study characteristics, present
summary interaction estimates for each characteristic examined, including confidence
intervals and measures of statistical heterogeneity. State whether the analysis was pre-
specified. State whether any interaction is consistent across trials.
Provide a description of the direction and size of effect in terms meaningful to those who
would put findings into practice.
Risk of bias 22 Present results of any assessment of risk of bias relating to the accumulated body of Online
across studies evidence, including any pertaining to the availability and representativeness of available Tables 20-
studies, outcomes or other variables. 25
Additional 23 Give results of any additional analyses (e.g. sensitivity analyses). If applicable, this should | 13-14,
analyses also include any analyses that incorporate aggregate data for studies that do not have IPD. | Online
If applicable, summarise the main meta-analysis results following the inclusion or Tables 6-
exclusion of studies for which IPD were not available. 19
Discussion
Summary of 24 Summarise the main findings, including the strength of evidence for each main outcome. 14-15
evidence
Strengths and 25 Discuss any important strengths and limitations of the evidence including the benefits of 18
limitations access to IPD and any limitations arising from IPD that were not available.
Conclusions 26 Provide a general interpretation of the findings in the context of other evidence. 18-19
Implications A4 Consider relevance to key groups (such as policy makers, service providers and service 14-19
users). Consider implications for future research.
Funding
Funding 27 Describe sources of funding and other support (such as supply of IPD), and the role in the No funding

systematic review of those providing such support.
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Online Table 2. A search of four online databases (PubMed [Medline], Scopus, Web
of Knowledge and Embase) was conducted from the earliest available records to 9
May 2016. There were slight modifications of the search terms for each meta-
analysis, as outlined in this table. The search terms were similar across the
databases, with the exception of differences in the controlled language between each.
Manual searches of reference lists within identified articles were also undertaken.

Meta-analysis 1. Intra-arterial aortic and intra-arterial brachial BP

PubMed

(((invasive OR invasively OR intra arterial OR direct OR true OR catheter* OR
simultaneous* OR pull back OR needle OR wire)) AND (aorta OR aortic OR
central)) AND (brachi* OR ((upper) AND (limb OR arm)) OR peripher*)) AND
(pulse OR arterial pressure[MeSH Major Topic] OR pressure* OR blood pressure
determination[MeSH Major Topic])))) NOT (animals [mh] not (humans [mh] and
animals [mh])))

Scopus

TITLE-ABS-KEY (invasive*) OR TITLE-ABS-KEY (intra arterial) OR TITLE-
ABS-KEY (direct) OR TITLE-ABS-KEY (true) OR TITLE-ABS-

KEY ( catheter*) OR TITLE-ABS-KEY ( simultaneous*) OR TITLE-ABS-

KEY (pull back) OR TITLE-ABS-KEY (needle) OR TITLE-ABS-

KEY (wire) AND TITLE-ABS-KEY (aorta) OR TITLE-ABS-

KEY (aortic) OR TITLE-ABS-KEY (central ) AND TITLE-ABS-

KEY (brachi*) OR TITLE-ABS-

KEY ((upper) AND (limb OR arm)) OR TITLE-ABS-

KEY ( peripher*) AND TITLE-ABS-KEY ( pressure*) OR TITLE-ABS-

KEY (pulse) OR INDEXTERMS (blood pressure determination) OR INDEXTE
RMS (arterial pressure) AND SRCTYPE (j) AND KEY (human*) AND (EXC
LUDE (DOCTYPE, "re"))

Web of
Knowledge

((invasive OR invasively OR intra arterial OR direct OR true OR catheter* OR
simultaneous* OR pull back OR needle OR wire) AND (aorta OR aortic OR central)
AND ((brachi* OR ((upper) AND (limb OR arm)) OR peripher*)) AND (pulse OR
pressure* ))

Refined by: RESEARCH AREAS: ( CARDIOVASCULAR SYSTEM
CARDIOLOGY ) AND [excluding] DOCUMENT TYPES: (REVIEW )

Timespan: All years.

Search language=Auto

Embase

invasive OR invasively OR intra AND arterial OR direct OR true OR catheter* OR
simultaneous* OR (pull AND back) OR needle OR wire AND (aorta OR aortic OR
central) AND (brachi* OR (upper AND (limb OR arm)) OR peripher*) AND (pulse
OR pressure* OR blood AND pressure AND measurement OR ‘arterial pressure")
NOT (animal NOT (human AND animal)) AND ([article]/lim OR [article in
press)/lim OR [conference abstract])/lim OR [conference paper]/lim OR [erratum]/lim
OR [letter]/lim OR [note]/lim)

Meta-analysis 2. Cuff BP and intra-arterial brachial BP

PubMed

(((invasive OR invasively OR intra arterial OR direct OR true OR catheter* OR
simultaneous* OR needle OR wire OR blood pressure determination[MeSH Major
Topic]) AND (noninvasive OR indirect OR oscillometr* OR cuff OR auscultat* OR
accura* OR casual OR office OR clinic) AND (brachi* OR ((upper) AND (limb OR
arm)) OR peripher* OR oscillometr* OR cuff OR auscultat* OR sphygmomano* OR
korotko*) AND (pulse OR arterial pressure[MeSH Major Topic] OR pressure*)))
NOT (animal* NOT (human AND animal))

Scopus

TITLE-ABS-KEY (invasive) OR TITLE-ABS-KEY (invasively) OR TITLE-
ABS-KEY (intra arterial) OR TITLE-ABS-KEY (direct) OR TITLE-ABS-
KEY (true) OR TITLE-ABS-KEY ( catheter*) OR TITLE-ABS-

KEY ( simultaneous*) OR TITLE-ABS-KEY (needle) OR TITLE-ABS-

KEY (wire) OR INDEXTERMS ( blood pressure determination) AND TITLE-
ABS-KEY ( noninvasive) OR TITLE-ABS-KEY (indirect) OR TITLE-ABS-
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KEY (oscillometr*) OR TITLE-ABS-KEY (cuff) OR TITLE-ABS-

KEY (auscultat*) OR TITLE-ABS-KEY (accura*) OR TITLE-ABS-

KEY (casual ) OR TITLE-ABS-KEY ( office) OR TITLE-ABS-

KEY (clinic) AND TITLE-ABS-KEY ( brachi*) OR TITLE-ABS-

KEY ((upper) AND (limb OR arm)) OR TITLE-ABS-

KEY ( peripher*) OR TITLE-ABS-KEY ( oscillomet*) OR TITLE-ABS-

KEY (cuff) OR TITLE-ABS-KEY (auscultat*) OR TITLE-ABS-

KEY ( korotko*) OR TITLE-ABS-KEY ( sphygmomanomet* ) AND TITLE-ABS-
KEY ( pressure*) OR TITLE-ABS-

KEY (pulse) OR INDEXTERMS ( arterial pressure) AND SRCTYPE (j) AND
KEY (human*)

Web of
Knowledge

invasive OR invasively OR intra arterial OR direct OR true OR catheter* OR
simultaneous* OR needle OR wire OR 'blood pressure determination’) AND
(noninvasive OR indirect OR oscillometr* OR cuff OR auscultat* OR accura* OR
casual OR office OR clinic) AND (brachi* OR ((upper) AND (limb OR arm)) OR
peripher* OR oscillometr* OR cuff OR auscultat* OR sphygmomano* OR korotko*)
AND (pulse OR ‘arterial pressure' OR pressure*))) NOT (animal* NOT (human
AND animal))) Refined by: RESEARCH AREAS: ( CARDIOVASCULAR
SYSTEM CARDIOLOGY )

Timespan: All years.

Search language=Auto

Embase

invasive OR invasively OR intra AND arterial OR direct OR true OR catheter* OR
simultaneous* OR needle OR wire OR 'blood pressure measurement' AND
(noninvasive OR indirect OR oscillometr* OR cuff OR auscultat* OR accura* OR
casual OR office OR clinic) AND (brachi* OR (upper AND (limb OR arm)) OR
peripher* OR oscillometr* OR cuff OR auscultat* OR sphygmomano* OR
korotko*) AND (pulse OR "arterial pressure’ OR pressure*) NOT (animal* NOT
(‘human* AND 'animal’))

Meta-analysis 3.

Cuff BP and intra-arterial aortic BP

PubMed

((invasive OR invasively OR intra arterial OR direct OR true OR catheter* OR
simultaneous™ OR pull back OR needle OR wire)) AND (aorta OR aortic OR
central)) AND (brachi* OR ((upper) AND (limb OR arm)) OR peripher* OR
oscillometr* OR cuff OR auscultat* OR korotko* OR sphygmoman* OR
noninvasive OR indirect)) AND (pulse OR arterial pressure[MeSH Major Topic] OR
pressure* OR blood pressure determination[MeSH Major Topic])))) NOT (animals
[mh] not (humans [mh] and animals [mh]))

Scopus

TITLE-ABS-KEY (invasive*) OR TITLE-ABS-

KEY (intra arterial) OR TITLE-ABS-KEY (direct) OR TITLE-ABS-

KEY (true) OR TITLE-ABS-KEY ( catheter*) OR TITLE-ABS-

KEY ( simultaneous*) OR TITLE-ABS-KEY ( pull back) OR TITLE-ABS-
KEY (needle) OR TITLE-ABS-KEY (wire) AND TITLE-ABS-

KEY (aorta) OR TITLE-ABS-KEY (aortic) OR TITLE-ABS-

KEY (central) AND TITLE-ABS-KEY ( brachi*) OR TITLE-ABS-

KEY ((upper) AND (limb OR arm)) OR TITLE-ABS-

KEY ( peripher*) OR TITLE-ABS-KEY (oscillomet*) OR TITLE-ABS-

KEY (cuff) OR TITLE-ABS-KEY (auscultat*) OR TITLE-ABS-

KEY ( korotko*) OR TITLE-ABS-KEY ( sphygmomanomet*) OR TITLE-ABS-
KEY ( noninvasive ) OR TITLE-ABS-KEY (indirect) AND TITLE-ABS-

KEY ( pressure*) OR TITLE-ABS-

KEY (pulse) OR INDEXTERMS ( blood pressure determination) OR INDEXT
ERMS (arterial pressure) AND SRCTYPE (j) AND KEY (human*) AND (E
XCLUDE ( DOCTYPE , "re"))

Web of
Knowledge

invasive OR invasively OR intra arterial OR direct OR true OR catheter* OR
simultaneous* OR pull back OR needle OR wire) AND (aorta OR aortic OR central)
AND ((brachi* OR ((upper) AND (limb OR arm)) OR peripher* OR oscillometr*
OR cuff OR auscultat* OR korotko* OR sphygmoman* OR noninvasive OR indirect
)) AND (pulse OR pressure*))))
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Refined by: RESEARCH AREAS: ( CARDIOVASCULAR SYSTEM
CARDIOLOGY ) AND [excluding] DOCUMENT TYPES: ( REVIEW )
Timespan: All years.

Search language=Auto

Embase

invasive OR invasively OR intra AND arterial OR direct OR true OR catheter* OR
simultaneous* OR (pull AND back) OR needle OR wire AND (aorta OR aortic OR
central) AND (brachi* OR (upper AND (limb OR arm)) OR peripher* OR
oscillometr* OR cuff OR auscultat* OR korotko* OR sphygmoman* OR
noninvasive OR indirect) AND (pulse OR pressure* OR blood AND pressure AND
measurement OR 'arterial pressure’) NOT (animal NOT (human AND animal)) AND
([article]/lim OR [article in press]/lim OR [conference abstract]/lim OR [conference
paper]/lim OR [erratum]/lim OR [letter]/lim OR [note]/lim)
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Meta-analysis 1.

Online Table 3. Validation of individual data extracted from scatter plots.

Study name Intra-arterial Intra-arterial Brachial - aortic SBP Correlation Published figure used for data extraction
brachial SBP aortic SBP (mm (mm Hg) coefficient
(mm Hg) Hg)
Kobayashi et al, 2013% 141.8+19.8 140.1 + 185 1.7+£52 0.97 Figure 4 on page 1678 of the publication. Intra-arterial brachial
(published data) SBP was on the x-axis and intra-arterial aortic SBP on the y-axis.
Kobayashi et al, 2013 141.6 +18.9 140.0 £ 20.8 16+54 0.97
(extracted data)
Meta-analysis 2.
Study name Cuff SBP Intra-arterial Cuff — intra-arterial Correlation Published figure used for data extraction
(mm Hg) brachial SBP brachial SBP (mm Hg) coefficient
(mm Hg)
Blank et al, 1988%° -15 0.94 Figure 4 (left), on page 1301 of the publication. Intra-arterial
(published data) brachial SBP was on the x-axis and brachial cuff (auscultatory)
Blank et al, 1988 (extracted 138.4 (38.1) 152.7 (35) -14.3 0.95 SBP on the y-axis.
data)
Kobayashi et al, 2013% 133.5(18.6) 141.8 (19.8) -8.3(8.7) 0.89 Figure 3 (left), on page 1677 of the publication. Brachial cuff
(published data) SBP was on the x-axis and intra-arterial brachial SBP on the y-
Kobayashi et al, 2013 133.5(18.6) 141.6 (19.3) -8.2 (8.8) 0.89 axis.
(extracted data)
Sagiv et al, 1999% 107 (7) 101 (6) - 0.68 Figure 1 (top left), on page 277 of the publication. Intra-arterial
(published data) brachial SBP was on the x-axis and brachial cuff (auscultatory)
Sagiv et al, 1999 (extracted 106 (8) 100 (5) - 0.67 SBP on the y-axis.
data)
Vardan et al, 19836 183.1 (17.6) 182.2 (21.0) - - Figure (top left) on page 937 of the publication. Brachial cuff
(published data) SBP was on the x-axis and intra-arterial brachial SBP on the y-
Vardan et al, 1983 183.6 (17.9) 181.6 (22.1) - - axis. The ‘x’ plot markers, which corresponded to the first SBP
(extracted data) measurement were extracted.
Meta-analysis 3.
Study name Cuff SBP Intra-arterial Cuff — intra-arterial Correlation Published figure used for data extraction
(mm Hg) aortic SBP aortic SBP (mm Hg) coefficient
(mm Hg)
Davies et al, 2003%° 137.0 (26) 134.0 (28) 3.4 (10.5) 0.92 Figure 2 (top), on page 574 of the publication. Intra-arterial aortic

(published data)
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SBP was on the x-axis and brachial cuff SBP on the y-axis.



Davies et al, 2003 (extracted
data)

Kobayashi et al, 2013%
(published data)
Kobayashi et al, 2013
(extracted data)

Saul et al, 1995 (published
data)

Saul et al, 1995 (extracted
data)

137.2 (27)
1335 (18.6)
1335 (18.6)

150.0

150.3

133.8 (26)
138.1 (18.5)
138.3 (18.5)

149.0

149.2

3.4 (10.4)
-4.7 (9.0)
-4.8(9.1)
0.9 (11.1)

1.0 (11.4)
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0.92

0.88

0.88

0.91

0.91

Figure 2 (left), on page 1677 of the publication. Brachial cuff
SBP was on the x-axis and intra-arterial aortic SBP on the y-axis.

Figure 2 (top, labelled Abb. 2 in publication). Brachial cuff SBP
(labelled RR syst. Oberarm links) was on the x-axis and intra-
arterial aortic SBP (labelled RR syst. Aorta) on the y-axis.



Online Table 4. Individual quality scores of each study included in meta-analysis 1.

Sequence of aortic and
Type of brachial blood pressure Position of catheter in Pressure wave Participant
Study catheter measurements aorta/brachial artery capture length characteristics Total
Cheng et al, 20103 1 1 1 1 1 5
Cheng et al, unpublished 1 1 1 1 1 5
Davies et al, 2010% 1 0 1 1 1 4
Ding et al, 2013% 1 1 1 1 1 5
Gould and Shariff, 19692 0 0 1 0 1 2
Kavanagh-Gray, 19642 0 0 1 0 1 2
Kelly et al, 1990° 1 1 1 0 1 4
Kobayashi et al, 201328 1 0 1 0 1 3
Liang et al, 2015% 1 1 1 1 1 5
Lin et al, 2012% 1 1 1 1 1 5
Picone et al, unpublished 1 1 1 1 1 5
Pucci et al, unpublished 0 1 1 1 1 4
Westerhof et al, 2008%¢ 1 1 1 0 0 3

The study quality score was developed in consideration of 5 study attributes. One point was awarded per attribute when the highest standard was achieved, whilst if the
highest standard was not achieved then a zero was assigned for that attribute. The maximum score of 5/5 indicated the highest study quality. Studies with a rating of 5/5 were
used in sensitivity analysis to assess any impact of study protocols on the analysis.
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Study

Online Table 5. Individual quality scores of each study included in meta-analysis 2.

Type of
catheter

Sequence of
measurement protocol

Position of catheter in
brachial artery

Pressure wave
capture length

Participant
characteristics
description

Arm used or
description of
differences

Total

Berliner et al, 1961*
Blank et al, 19882%°

Bos et al, 1992*12
Cheng et al, 2010%!
Cheng et al, unpublished
Ding et al, 2013%

Freis et al, 1968°
Gelman et al, 19816
Gould et al, 19843
Hayashi et al, 201437
Hunyor et al, 19787
Kobayashi et al, 2013%
Lin et al, 20123
Melamed et al, 20124
Muecke et al, 200938
Omboni et al, 1997%°
Picone et al, unpublished
Pucci et al, unpublished
Raftery and Ward, 19688
Roberts et al, 1953°
Sagiv et al, 1999%°
Vardan et al, 198316
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The study quality score was developed in consideration of 6 study attributes. One point was awarded per attribute when the highest standard was achieved, whilst if the highest
standard was not achieved then a zero was assigned for that attribute. The maximum score of 6/6 indicated the highest study quality. Studies with a rating of 6/6 were used in
sensitivity analysis to assess any impact of study protocols on the analysis. *In the study of Bos et al, 1992, 13/57 patients had an inter-arm BP difference > 5mmHg and thus
received a study quality score of 5/6. From the same study, 46/57 patients had an inter-arm BP difference < 5mmHg and received a study quality score of 6/6.
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Study

Online Table 6. Individual quality scores of each study included in meta-analysis 3

Type of
catheter

Sequence of measurement
protocol

Position of catheter in
aorta

Pressure wave
capture length

Participant characteristics
description

Total

Aakhus et al, 19937
Bhatt et al, 20114
Borow et al, 1982%°

Bos et al, 199212

Broyd et al, unpublished
Cheng et al, 2010%!
Cheng et al, unpublished
Costello et al, 2015%
Cremer et al, 20124
Davies et al, 2003%
Ding et al, 2013%

Kobayashi et al, 2013%
Korolkova et al,
unpublished
Laugesen'®/Rossen et al*?,
2014

Lin AC et al, 2012%°
Lin MM et al, 2012%°
Lowe et al, 2009%*
Milne et al, 20154
Nagle et al, 1966
Nakagomi et al, 2016*
Ohte et al, 20074

Ott et al, 201246

Park et al, 20144
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Pereira et al, 2014
Picone et al, unpublished
Pucci et al, 2013%2
Pucci et al, unpublished
Rajani et al, 20084
Saul et al, 1995%
Smulyan et al, 2003%
Smulyan et al, 2008
Smulyan et al, 2010%*
Sueta et al, 2015%2
Takazawa et al, 20072
Takazawa et al, 20122°
Weber et al, 1999%
Weber et al, 201153
Williams et al, 2011

B B P Pk O Pk O Fr O Fr O O Kk O

1

R = e e T o T T e S e S S S =

1

R = = = T T S S e S e S S N

R = = e T = T N e S e S e N i

R O P P O R B P O R B RFP B B

1

o o~ OO NN OB O W ol BB O01Bb

The study quality score was developed in consideration of 5 study attributes. One point was awarded per attribute when the highest standard was achieved, whilst if the highest standard
was not achieved then a zero was assigned for that attribute. The maximum score of 5/5 indicated the highest study quality. Studies with a rating of 5/5 were used in sensitivity analysis

to assess any impact of study protocols on the analysis.
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Online Table 7. Details of each study included in meta-analysis 1.

No  Study n Age (years) Male  Measurement Catheter type Pressure wave Study exclusion criteria
(%) protocol capture time
1 Cheng et al, 100 62.1+126 78 Sequential Micromanometer tip Aorta: 30 beats Acute coronary syndrome, peripheral arterial disease,
2010 (brachial to Brachial: 20-30 abnormal sinus rhythm and > 3mm Hg pressure difference
aorta) beats between left and right arms
2 Cheng et al, 15 61.6 £ 13.9 70 Sequential Micromanometer tip Aorta: 30 beats Same as No 1 (Cheng et al, 2010)
unpublished (brachial to Brachial: 20-30
aorta) beats
3 Davies et al, 12 54 +10 67 Simultaneous Micromanometer tip 1 minute Previous coronary intervention, valvular pathology,
2010 * regional wall motion abnormality, arrhythmia, use of
nitrates < 24hrs before procedure
4 Ding et al, 33 60.1+8.7 64 Simultaneous Fluid-filled At least 10 stable  Failure to measure central SBP, arrhythmia, severe
2013 beats valvular disease, heart failure defined as left ventricular
ejection fraction <50%, >5 mm Hg difference in SBP
between left and right arms
5 Gould and 23 N/A N/A Unclear Fluid-filled Not reported None reported
Shariff, 1969 1
6 Kavanagh- 49 31.4+£16.5 48 “Either Fluid-filled Not reported None reported
Gray, 1964 2 simultaneously
or in quick
succession”
7 Kelly et al, 14 53.7+9.8 93 Sequential Micromanometer tip Not reported None reported. Note: no patients had evidence of valvular
1990 3 (brachial to disease or left ventricular dysfunction
aorta)
8 Kobayashiet 20 68.9+£8.1 65 Sequential Micromanometer tip Not reported >10 mm Hg difference in BP between left and right arms
al, 2013 %8 (aortato
brachial)
9 Liang et al, 40 63.0+10.9 60 Sequential Micromanometer tip 10 stable beats >10% variation of heart rate or mean arterial pressure
2015 % (brachial to during measurements
aorta)
10 Linetal, 2012 78 659+ 129 80 Simultaneous Micromanometer tip At least two Acute coronary syndrome, peripheral arterial disease,

35
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respiratory cycles
/ at least 20 beats

abnormal sinus rhythm



11 Picone et al, 52
unpublished

12 Pucci et al, 29
unpublished

13 Westerhof et 50
al, 2008 3¢

60.5 + 10.3

68.3 + 10.9

51.3+8.5

68

86

86

Sequential Fluid-filled
(aorta to
brachial)

Sequential Fluid-filled
(brachial to
aorta)

Sequential Fluid-filled
(brachial to
aorta)

Aorta and
brachial 20
seconds of stable
data

At least 10
seconds

One beat

>5 mm Hg difference in BP between left and right arms

History of peripheral arterial disease, aortic aneurysm,
absent brachial or radial pulses or known obstructive large
artery atherosclerotic disease, active malignancy,
hypotension (<90 mm Hg), valvular heart disease, known
left ventricular dysfunction (ejection fraction <50%) or
arrhythmias (including frequent ventricular and
supraventricular premature beats)

None reported

Data are mean # standard deviation, n or percentage. SBP, systolic blood pressure
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Online Table 8. Details of the studies included in meta-analysis 2.

No Study n Age (years) Male (%) Brachial cuff method Intra-arterial Pressure wave capture time
measurement method
1 Berliner et al, 1961* 100 55.8 + 13.2 56 Mercury 20 Gauge needle and 50-80 seconds pre non-intra-
sphygmomanometry electromanometer arterial BP and 20-30 seconds
during non-invasive BP
2 Blank et al, 1988% 11 - - Mercury Fluid-filled or Unclear
sphygmomanometry micromanometer tip
3 Bos et al, 1992 (groups B, C, 57 61 (52-83) 61 Mercury Fluid-filled One beat corresponding to the
D)2 sphygmomanometry non-invasive Korotkoff sounds
4 Cheng et al, 20103 100 60+ 11 74 Oscillometric device Micromanometer tip 20-30 beats (at least two
respiratory cycles)
5 Cheng et al, unpublished 14 61.6 £13.9 70 Oscillometric device Micromanometer tip 20-30 beats (at least two
respiratory cycles)
6 Ding et al, 2013% 33 60.1 £ 8.7 64 Oscillometric device Fluid-filled At least 10 stable beats
7 Freis et al, 1968° 6 Range: 26-38 100 Mercury 16 Gauge needle and strain One beat corresponding to the
sphygmomanometry gauge pressure transducer non-invasive Korotkoff sounds
8 Gelman et al, 1981° 5 63.1 +10.3 66 Auscultatory Fluid-filled Unclear
sphygmomanometry
9 Gould et al, 1984*® 28 50 (23-67) 75 Mercury Fluid-filled Unclear
sphygmomanometry
10 Hayashi et al, 2014% 55 Unclear Unclear Oscillometric device Fluid-filled Unclear
11 Hunyor et al, 19787 9 25-80 Unclear Mercury Fluid-filled Average of 15 complexes
sphygmomanometry immediately proceeding cuff
inflation
12 Kobayashi et al, 2013% 20 68.9+£8.1 65 Oscillometric device Micromanometer tip Unclear
13 Linetal, 2012% 78 61+ 10 83 Oscillometric device Micromanometer tip Mean of 10 stable consecutive
pulses immediately prior to
brachial BP measurement
14 Melamed et al, 20124 3 68.7 £ 9.6 50 Oscillometric device Fluid-filled 10 seconds
15 Muecke et al, 2009% 2 38.5+19.1 100 Oscillometric device Fluid-filled 60 seconds
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17

18
19

20

21

22

Omboni et al, 19972°

Picone et al, unpublished

Pucci et al, unpublished
Raftery and Ward, 19688

Roberts et al, 1953°
Sagiv et al, 1999%°

Vardan et al, 198316

12

40

29
50

47

12

24

45.9 £10.8

61.4+10.9

68.3+10.9
26.7 (18-44)

Unclear
60.4

59.4 +10.9

75

70

86
0

Unclear

82

53

Mercury
sphygmomanometry

Oscillometric device

Oscillometric device
Mercury
sphygmomanometry
Mercury
sphygmomanometry
Mercury
sphygmomanometry
Mercury
sphygmomanometry

Fluid-filled

Fluid-filled

Fluid-filled

Thin walled needle and
inductance manometer
Cournand needle and
electromanometer
Fluid-filled

Fluid-filled

Unclear — non-invasive brachial
BP taken every 2 minutes over a
20 minute period

Average of 20 seconds of stable
data

Unclear

Unclear

Several respiratory cycles

Unclear
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Details of the studies included in meta-analysis 2 (continued)

No

1
2
3

15

16

17
18

Measurement protocol

Simultaneous
Simultaneous
Simultaneous

Sequential (intra-arterial then brachial cuff BP)

Sequential (intra-arterial then brachial cuff BP)
Simultaneous

Simultaneous

Sequential (intra-arterial then brachial cuff BP)
Simultaneous

Simultaneous

Sequential (brachial cuff then intra-arterial)

Sequential intra-arterial brachial then brachial cuff

Simultaneous

Sequential (intra-arterial then brachial cuff)

Simultaneous

Simultaneous
Simultaneous

Study exclusion criteria

Atrial fibrillation
Unclear

Left/right arm BP difference > 10 mmHg, valvular disease or
arrhythmia

Acute coronary syndrome, PAD, abnormal sinus rhythm and
left/right arm BP difference >3mmHg

Acute coronary syndrome, peripheral arterial disease, abnormal
sinus rhythm and >3mmHg pressure difference between left and
right arms

Failure to measure central systolic BP, arrhythmia, severe valvular
disease, heart failure defined as left ventricular EF <50%, left/right
arm BP difference >5mmHg

Obesity or cardiovascular abnormalities

Unclear

Bundle branch block, pacemaker, severe aortic failure

Moderate or severe mitral/aortic valve disease, LV outflow tract
obstruction

None listed

Left/right arm BP difference > 10 mmHg

Acute coronary syndrome, PAD, abnormal sinus rhythm and
>3mmHg pressure difference between L/R arms

Lower extremity catheter, inability to measure non-invasive BP in
the same arm as the arterial line, lack of oscillations suitable for
measurement despite optimal fast flush test technique

Past history of hypertension or > 60 years of age. Participants were
also excluded if arm circumference exceeded brachial cuff
manufacturer recommendations (n=1) and if hypothermic (n=1)
“None of the patients had TOD or other major diseases in addition to
HTN”

>5 mm Hg difference between left and right arms.

History of peripheral arterial disease, aortic aneurysm, absent
brachial or radial pulses or known obstructive large artery
atherosclerotic disease, active malignancy, hypotension (<90 mm

30

Same or different arms for
measurement
Same

Same
Different

Different

Different

Different

Same
Different
Different
Unclear

Same
Different
Different

Same

Same

Different

Different
Different

DBP 4t or 5th
Korotkoff sound
Unclear

Unclear
5th

N/A

N/A

N/A

4th
5th
5th
N/A

5th
N/A
N/A

N/A

N/A

5th

N/A
N/A



Hg), valvular heart disease, known left ventricular dysfunction
(ejection fraction <50%) or arrhythmias (including frequent
ventricular and supraventricular premature beats)

19  Simultaneous Unclear Same 5th

20  Simultaneous Unclear Same Sl

21 Simultaneous None stated, however no participants were judged to have coronary Different 5t
artery disease or any major risk factors.

22 Simultaneous Unclear Different G

Data are presented as mean * standard deviation, range (minimum-maximum) or percentage. BP, blood pressure; DBP, diastolic BP
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13

14
15
16
17
18

19
20
21
22

23

Study
Aakhus et al, 19937

Bhatt et al, 20114
Borow et al, 19821°
Bos et al, 1992 (group A)*?

Broyd et al, unpublished

Cheng et al, 20103
Cheng et al, unpublished
Costello et al, 20154
Cremer et al, 2012%
Davies et al, 2003%
Ding et al, 2013%
Kobayashi et al, 20132

Korolkova et al, unpublished

Laugesen'®/Rossen et al, 2014%°

Lin AC et al, 2012%°
Lin MM et al, 20123
Lowe et al, 2009%
Milne et al, 2015

Nagle et al, 1966'*
Nakagomi et al, 20164
Ohte et al, 20074

Ott et al, 20124

Park et al, 201447

Online Table 9. Details of the studies included in meta-analysis 3.

n

28

98
30
19

25

100
17
40
144
28
33
20

14

37
35
78
37

139
82
52

Age (years)

62.9+9.9

58 +12
60 £ 11
63+114

58.3 + 10.2

61.9+13.2
61.9 +13.2
63.1+10.3
60.8 £ 12.7
60 £ 10
60.1+8.7
68.9+8.1

68.8+09.1

64.8+10.4
64 +12
64.1+14
N/A
10.5+£5

48.5+12
66.7 £ 12.2
64.3+94
63.7x11

65 + 20

Male (%)

89

55
73
84

72

74
74
66
66
71
64
65

64

84
68
74
N/A
44

100
76
79
58

67

Brachial cuff method

Oscillometric

Oscillometric
Oscillometric
Mercury
sphygmomanometer
Oscillometric

Oscillometric
Oscillometric
Oscillometric
Oscillometric
Oscillometric
Oscillometric
Oscillometric

Oscillometric

Oscillometric
Oscillometric
Oscillometric
Oscillometric
Aneroid
sphygmomanometer
Auscultation
Oscillometric
Oscillometric
Oscillometric

Oscillometric

32

Intra-arterial

measurement method

Fluid-filled

Fluid-filled
Fluid-filled
Fluid-filled

Fluid-filled

Micromanometer tip
Micromanometer tip
Fluid-filled
Fluid-filled
Fluid-filled
Fluid-filled
Micromanometer tip

Fluid-filled

Fluid-filled
Fluid-filled
Micromanometer tip
Fluid-filled
Micromanometer tip

Fluid-filled
Fluid-filled
Micromanometer tip
Fluid-filled

Micromanometer tip

Pressure wave capture time

At least five cardiac cycles (aortic)

Not reported
Not reported
Not reported

7-10 cardiac cycles

30 seconds (aortic)

30 seconds (aortic)

10-15 seconds (aortic)

Mean of 5 consecutive beats (aortic)
Unclear

At least 10 stable beats

Unclear

7-10 cardiac cycles

10 seconds
Unclear
20-30 beats
10 seconds
5-10 seconds

30-40 pressure pulses
At least 10 seconds
Mean of 5 cardiac cycles
Unclear

7-10 cardiac cycles



24
25
26

27

28
29
30
31
32
33
34

35
36
37

38

Pereira et al, 201448
Picone et al, unpublished
Pucci et al, 2013%

Pucci et al, unpublished

Rajani et al, 20084
Saul et al, 19953
Smulyan et al, 20032
Smulyan et al, 2008
Smulyan et al, 2010%!
Sueta et al, 2015%
Takazawa et al, 200726

Takazawa et al, 20122
Weber et al, 201153
Weber et al, 1999

Williams et al, 20115

15
146
58

29

14
97
25
100
25
85
18

52
30
36

20

62.1 +10.6
62.3 = 10.6
61+11

68.3 + 10.9

74 = N/A
59.3 + N/A
54.4+124
60.4+11.9
57.2+10.9
69.8 £10.0
61+10

63.4+9.7
50+11
53.3+ 104

61+8.6

53
70
62

86

71
69
52
82
82
74
83

74
87
85

75

Oscillometric
Oscillometric
Oscillometric

Oscillometric

Oscillometric
Oscillometric
Oscillometric
Oscillometric
Oscillometric
Oscillometric
Oscillometric

Oscillometric
Oscillometric
Automatic Korotkoff
sounds
Oscillometric

33

Fluid-filled
Fluid-filled
Fluid-filled

Fluid-filled

Micromanometer tip
Fluid-filled
Micromanometer tip
Fluid-filled
Micromanometer tip
Unclear
Micromanometer tip

Micromanometer tip
Micromanometer tip
Fluid-filled

Micromanometer tip

15 seconds
10 seconds
Unclear

Unclear

At least 20 consecutive waveforms
Unclear

Several respiratory cycles

Several respiratory cycles

Several respiratory cycles

Unclear

Mean of 10 stable consecutive pulses
immediately prior to brachial BP
measurement

10 stable consecutive pulses

3-4 minutes

10 beats (5 before oscillometric mark
on trace and 5 after)

10, ten second blocks



Details of the studies included in meta-analysis 3 (continued)

No
1

o0 hAOWDN

11

12
13
14

15

16
17

18
19
20

Measurement protocol

Sequential (brachial cuff then aorta then
brachial cuff. Average of brachial cuff BP
used in analysis)

Simultaneous

Simultaneous

Simultaneous

Simultaneous
Sequential (intra-arterial aortic then brachial
cuff)

Sequential (intra-arterial aortic then brachial
cuff)

Sequential (oscillometric brachial then
ascending aortic)

Simultaneous

Sequential (oscillometric brachial then
ascending aortic)

Simultaneous

Simultaneous

Simultaneous

Sequential oscillometric brachial then
ascending aortic

Sequential

Simultaneous

Sequential oscillometric brachial then
ascending aortic

Sequential

Simultaneous

Simultaneous

Study exclusion criteria
Aortic valvular disease, arrhythmias, clinical signs of subclavian arterial disease (neck vessel murmurs or left or right arm pressure
differences > 10 mmHg)

Acute coronary syndrome, contraindication to BP cuff placement on either arm, arrhythmia, upper extremity arterial disease.
“No patients had peripheral vascular disease”
Valvular disease, arrhythmia

Failure to obtain satisfactory intra-arterial and/or non-invasive waveforms
Acute coronary syndrome, PAD, abnormal sinus rhythm and >3mmHg pressure difference between L/R arms

Acute coronary syndrome, PAD, abnormal sinus rhythm and >3mmHg pressure difference between L/R arms
Unclear

Bundle branch block, pacemaker, severe aortic failure
Left radial artery easily palpated and history of subclavian or brachial stenosis

Failure to measure cSP, arrhythmia, severe valvular disease, heart failure defined as LV ejection fraction <50%, >5mmHg
difference in SBP between left and right arms
>10 mmHg difference in brachial BP

Failure to obtain satisfactory intra-arterial and/or non-invasive waveforms
Atrial fibrillation or other cardiac arrhythmias, diagnosis of subclavian or brachial artery stenosis

Age <30 or >80 years, atrial fibrillation or atrial flutter, aortic stenosis or aortic regurgitation of any severity, mitral stenosis or
mitral regurgitation graded more than mild in severity, severe pulmonary hypertension, ventricular septal defect or other significant
intracardiac shunt, aortic coarctation, ventricular pacemaker, haemodynamic instability, active ischaemic symptoms, use of
intravenous vasoactive or inotropic medications, history of coronary artery bypass surgery, history of aortic valve replacement,
history of thoracic or abdominal aortic surgery and history of left

mastectomy with axillary node dissection.

Acute coronary syndrome, PAD, abnormal sinus rhythm and >3mmHg pressure difference between L/R arms

Cardiovascular instability causing aortic and brachial mean pressure differences of > 9mmHg

Arrhythmia, clinical evidence of heart failure

Unclear
Prior coronary surgical revascularization, haemodynamically significant valvular heart disease, left ventricular outflow tract
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21
22

23
24

25

26

27

28

29
30
31

32
33
34
35
36
37
38

Simultaneous

Sequential aortic then oscillometric brachial
then aortic

Simultaneous

Sequential oscillometric brachial then
ascending aortic

Sequential oscillometric brachial then
ascending aortic

Sequential

Sequential

Sequential oscillometric brachial then
ascending aortic

Sequential aortic then oscillometric brachial
Sequential (aortic then brachial cuff)
Simultaneous

Simultaneous

Simultaneous

Sequential aortic then oscillometric brachial
Sequential aortic then oscillometric brachial
Simultaneous

Simultaneous

Sequential oscillometric brachial then
ascending aortic

obstruction and renal insufficiency, patients with arrhythmias
Acute coronary syndrome, primary valvular heart disease or atrial fibrillation
Arrhythmia

Failure to obtain satisfactory intra-arterial and/or non-invasive waveforms
PAD, large artery atherosclerotic disease, aortic aneurysm, active malignancy, hypotension - SBP<90mmHg, valvular heart disease,
LV dysfunction (EF<50%), frequent arrhythmias

Arrhythmia, acute myocardial infarction, aortic stenosis

History of peripheral arterial disease, aortic aneurysm, absent brachial or radial pulses or known obstructive large artery
atherosclerotic disease, active malignancy, hypotension (SBP <90mmHg), valvular heart disease, known left ventricular dysfunction
(ejection fraction <50%) or arrhythmias (including frequent ventricular and supraventricular premature beats)

History of peripheral arterial disease, aortic aneurysm, absent brachial or radial pulses or known obstructive large artery
atherosclerotic disease, active malignancy, hypotension (SBP <90mmHg), valvular heart disease, known left ventricular dysfunction
(ejection fraction <50%) or arrhythmias (including frequent ventricular and supraventricular premature beats)

Atrial fibrillation, significant ventricular ectopy

Unclear
Arrhythmia, significant valvular disease or any constitutional illnesses
"More than mild valvular heart disease", atrial fibrillation, frequent premature beats

Frequent atrial or ventricular premature beats, atrial fibrillation, significant valve disease
Unclear

Arrhythmia

Arrhythmia, inadequate quality data

Unstable clinical conditions, arrhythmias, valvular heart disease

Upper arm >35cm, arrhythmia

Atrial fibrillation or significant valvular disease

35



Online Table 10. Reasons individual participant data was not obtained from studies

eligible for meta-analysis 1.

Studies where IPD was not sought

Reason

1. Bazaral et al, 1990%°

Studies where IPD not provided

Corresponding author passed away, unable

to contact others

Reason

De Hert et al, 19945
O’Rourke, 1970%7
VanBeck et al, 1993%
Gravlee et al, 1989
Gravlee et al, 198950
Karamanoglu et al, 19935

© a0k~ wnPE

Author unable to access data
Author unable to access data
No response

Author unable to access data
Author unable to access data
Author unable to access data

IPD, individual participant data
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Online Table 11. Reasons individual participant data was not obtained from studies

eligible for meta-analysis 2.

Studies where IPD was not sought

Reason

Bachmann et al, 198162

Baeriswyl et al, 198253
Breit et al, 1974%

> W N e

Fagher et al, 1994

Forsberg et al, 1970%°
Ginsburg and Duncan 1969%”
He et al, 199458

Julien et al, 1988

© ® N o o

Karlefors et al, 19667
10. Kuwajima et al, 19907
11. London et al, 196772

12. Molhoek et al, 19847
13. Moss et al, 19657

14. Murray 19917

15. Netea et al, 19987

16. Ochiai et al, 199777

17. Sanchez et al, 197778
18. Turjanmaa et al, 19887°
19. Turjanmaa, 1989%°

Studies where IPD not provided

Could not find contact information

Incorrect details available and could not find new information
Could not find contact information

Could not find contact information

Could not find contact information
Could not find contact information
Could not find contact information
Could not find contact information

Could not find contact information
Incorrect details available and could not find new information

Could not find contact information

Could not find contact information

Author passed away

Could not find contact information

Incorrect details available and could not find new information
Incorrect details available and could not find new information
Could not find contact information

Could not find contact information

Could not find contact information

Reason

Casadei et al, 19888!
Elseed et al, 1973%
Fukuoka et al, 1987%
Gould et al, 1985
Gould et al, 1986%°
Graettinger et al, 1988%
Gravlee et al, 199087

No o ~owdhd e

8. Groppelli et al, 1992%

9. Holland and Humerfelt, 19648
10. Hunyor et al, 1978%

11. Lemson et al, 2009°%

12. Mejia et al, 1990

13. Milsom et al, 19869

Data unavailable to author
No response
No response
Data unavailable to author

Data unavailable to author
No response
Data unavailable to author

Data unavailable to author

Data unavailable to author

No response

Data not provided after initial contact
No response

Unable to assist
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14.Nielsen et al, 1974%
15. Nielsen et al, 1979%
16. Nielsen et al, 1983%
17. Pereira et al, 19859
18. Pitlik et al, 1986%

19. Robhinson et al, 1988%

20. Sagiv et al, 1995

21. Stolt et al, 199001
22.Stolt et al, 1993102

23. Stolt et al, 1993103
24.Van Egmond et al, 199314
25. Villani et al, 199219

26. White et al, 1989106

27. White et al, 198917

28. White et al, 1990108

29. Wiecek et al, 199010

No response
No response
No response
No response
No response

No response

No response
No response
No response
No response

No response

Data unavailable to author
Data unavailable to author
Data unavailable to author

Data unavailable to author

No response

IPD, individual participant data
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Online Table 12. Reasons individual participant data was not obtained from studies
eligible for meta-analysis 3.

Studies where IPD was not sought Reason

1. Lietal, 1999110 Unable to find contact information

Studies where IPD not provided Reason

1.

2. Baguet et al, 20132 No response
3. Brettetal, 201213 No response
4. Choietal, 2010 No response
5. Cloud et al, 2013 1% No response
6. Eckertetal, 1994 116 No response
7. Eckertetal, 1996 17 No response
8. Fleming et al, 1983 118 No response
9. Guilcher et al, 2011%° No response
10. Hgegholm et al, 199212 No response
11. Hope et al, 20041 No response
12. Horvath et al, 2010122 No response
13. Kayrak et al, 20083 No response
14. Kayrak et al, 2010%%* No response
15. Klaus et al, 1991'% No response
16. Lehmann et al, 199826 No response
17. Park et al, 2011'%" No response
18. Shangguan et al, 20158 No response
19. Sharir et al, 199312° Data unavailable to the author
20. Sugawara et al, 201530 No response
21. Umana et al, 20063! No response
22. Zuo et al, 2010 No response

Alihanoglu et al, 2013%*

No response

IPD, individual participant data
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Online Table 13. Subject characteristics from meta-analysis 1

Mean (95%CI) or n (%) n=individual subjects, S=studies
Age (years) 58.6 (53.7 to 63.6) n=487, S=12
Male sex 353 (72) n=490, S=12
Height (cm) 165.5 (162.5 to 168.6) n=382, S=7
Weight (kg) 70.9 (67.6 to 74.3) n=382, S=7
Body mass index (kg/m?) 26.0 (24.9 t0 26.7) n=382, S=7
Intra-arterial aortic systolic blood pressure | 131.8 (126.4 to 137.0) n=515, S=13
(mm Hg)
Intra-arterial brachial systolic blood 140.3 (135.7 to 144.7) n=515, S=13
pressure (mm Hg)
Intra-arterial aortic diastolic blood pressure | 70.9 (68.6 to 73.1) n=495, S=12
(mm Hg)
Intra-arterial brachial diastolic blood 69.9 (67.2t0 72.5) n=495, S=12
pressure (mm Hg)
Intra-arterial aortic pulse pressure (mm 60.3 (55.3 t0 65.2) n=495, S=12
Hg)
Intra-arterial brachial pulse pressure (mm 70.3 (65.9 to 74.6) n=495, S=12
Hg)

Data are mean (95% confidence interval (CI)) or n (percentage). Subject characteristics were not available for all
studies, and the numbers available are reported in the right hand column of the table. The maximum data available
was n=515 from 13 studies. Subject characteristic data was derived from individual data, and when this was
unavailable, aggregate data extracted from published studies.
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Online Table 14. Subject characteristics from meta-analysis 2.

Mean (95%CI) or n (%) n=individual participants, S=studies

Age (years) 53.0 (42.7 t0 63.4) n=538, S=13
Male sex 261 (62%) n=418, S=11
Height (cm) 164.0 (162.0 to 166.1) n=494, S=10
Weight (kg) 73.8 (68.7 t0 79.0) n=494, S=10
Body mass index (kg/m?) 27.3(26.3t0 28.4) n=494, S=10
Brachial cuff systolic blood pressure 141.5 (133.4 to 149.3) n=735, S=22
(mm Hg)

Intra-arterial brachial systolic blood 147.5 (139.4 to 155.5) n=735, S=22
pressure (mm Hg)

Brachial cuff diastolic blood pressure 78.8 (73.8 t0 83.6) n=668, S=18
(mm Hg)

Intra-arterial brachial diastolic blood 73.6 (69.6 to 77.6) n=668, S=18
pressure (mm Hg)

Brachial cuff pulse pressure (mm Hg) 62.8 (57.3 10 68.1) n=668, S=18
Intra-arterial brachial pulse pressure 74.6 (70.0 t0 79.2) n=668, S=18
(mm Hg)

Data are mean (95% confidence interval (CI)) or n (percentage). Subject characteristics were not available for all studies, and
the numbers available are reported in the right hand column of the table. The maximum data available was n=735 from 22
studies. Subject characteristic data was derived from individual data, and when this was unavailable, aggregate data extracted
from published studies.
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Online Table 15. Subject characteristics from meta-analysis 3.

n=1823 subjects Mean (95%CI) or n (%) n=individual subjects, S=studies
Age (years) 60.4 (57.2-63.5) n=1640, S=35
Male sex 1222 (70) n=1751, S=35
Height (cm) 166.5 (164.7-168.4) n=1447, S=26
Weight (kg) 76.9 (72.8-81.0) n=1447, S=26
Body mass index (kg/m?) 27.1(26.2-28.1) n=1447, S=26
Brachial cuff systolic blood pressure 135.3 (132.2-138.4) n=1823, S=39
(mm Hg)

Intra-arterial aortic systolic blood 135.1 (132.0-138.2) n=1823, S=39
pressure (mm Hg)

Brachial cuff diastolic blood pressure 76.4 (74.2-78.5) n=1676, S=36
(mm Hg)

Intra-arterial aortic diastolic blood 70.9 (69.3-72.4) n=1676, S=36
pressure (mm Hg)

Brachial cuff pulse pressure (mm Hg) 58.5 (55.8-61.1) n=1676, S=36
Intra-arterial aortic pulse pressure (mm 63.8 (61.3-66.3) n=1676, S=36
Hg)

Data are mean (95% confidence interval (Cl)) or n (percentage). Subject characteristics were not available for all studies,
and the numbers available are reported in the right hand column of the table. The maximum data available was n=1823
from 39 studies. Subject characteristic data was derived from individual data, and when this was unavailable, aggregate
data extracted from published studies.
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Online Table 16. Mean differences, mean absolute differences, range of differences and heterogeneity between studies using
oscillometric cuff BP or mercury sphygmomanometry in comparison with intra-arterial brachial SBP, DBP and PP.

vt Mnsowe
Oscillometric devices iﬁcnig'(gi;;fTgas'ﬁjré?g;‘;' brachial SBP, 8.0 (-11.1 to -4.8) 8.1 (5.8 t0 10.8) 671036 89.4%
aﬁcgig'(ﬁi‘;fs;fg”s"’mritee;)ia' brachial DBP, | 4 5 4 10 6.6)* 6.1 (5310 7.0) 3210 41 83.2
Ega‘(:;":ﬂsc:f;;tL”;if;”e”a' brachial PP, mm | 15 & (15910 -9.7)* 12.4 (10.3 to 14.6) -47 t0 38 82.2%
s'\gﬁ%%manometry aﬁcgig'(ﬁigsgf”ltias'&r;?g:;' brachial SBP, | 34 (-6.9t0-02)~ 75(5.7109.6) 46 10 62 93.1*
E}ﬁcgig'(ﬁi‘;fo‘gf%”;;ritgga' brachial DBP, | ¢ 5 ) g1 9.8)* 8.4 (6.5 10 10.5) -36 10 43 94.0%
ﬁga‘(:r?i:ﬂocgulf;;tL”;ir:S"”e”a' brachial PP, mm | 11 4 (15710 -7.1)* 11.8 (9.1 t0 14.7) 15210 34 94.0%

Data are mean (95% confidence intervals), range (minimum — maximum) or I? statistic. *p<0.0001, ~p=0.0637. Gelman et al® (n=5) not included in this analysis
because it was not clear the specific type of cuff BP device used in that study.
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Online Table 17. Number of subjects and percentage concordance between brachial cuff and intra-arterial brachial (panel A) and aortic
(panel B) systolic blood pressure (BP) for classification of BP control.

A Intra-arterial brachial systolic blood pressure
N=735 Normal Prehypertension Stage 1 hypertension Stage 2 hypertension
Brachial cuff systolic Normal 54 (32) 6 (4) 11
blood pressure Prehypertension 15 (6) 77 (37) 7(5)
Stage 1 hypertension 0 (0) 15 (10) 51 (36)
Stage 2 hypertension 0 (0) 1(0) 26 (14)
B Intra-arterial aortic systolic blood pressure
N=1823 Normal Prehypertension Stage 1 hypertension Stage 2 hypertension
Brachial cuff systolic Normal 91 (20) 6 (2) 2 (0)
blood pressure Prehypertension 125 (19) 150 (22) 14 (4)
Stage 1 hypertension 14 (3) 96 (22) 104 (21)
Stage 2 hypertension 1(0) 73) 44 (19)

Data are presented as n (%) and each row adds to 100%. Linear mixed modelling was used to account for clustering of subjects within studies. Brachial cuff SBP
measurements were classified based on JNC7 guidelines, and compared for concordance with classification of the corresponding intra-arterial brachial (panel A) and
aortic (panel B) SBP. The proportion of intra-arterial brachial or aortic measurements concordant with brachial cuff SBP is reported as a percentage. A value of 100%
within the shaded boxes is equal to complete concordance of SBP classification. According to JNC 7, based on SBP only, normal range <120 mmHg; prehypertension
120-139 mmHg; stage 1 hypertension 140-159 mmHg and stage 2 hypertension >160 mmHg.
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Online Table 18. Univariable and multivariable analysis of associations with systolic BP, diastolic BP and pulse pressure difference between
brachial cuff and intra-arterial brachial BP.

Systolic BP difference Univariable Multivariable

n=474, 9 studies Estimate 95%ClI P value Estimate 95%CI P value
Age (years) -0.1 -0.2t0-0.0 0.033 -0.067 -0.2t0 0.0 0.13
Body mass index (kg/m?) 0.4 0.2t00.5 <0.0001 0.33 0.2t00.5 0.0003
Type of brachial cuff device (O=oscillometric, 8.2 0.6 to 15.7 0.034 6.38 -1.2t013.8 0.098
1=mercury)

Diastolic BP difference Univariable Multivariable

n=518, 12 studies Estimate 95%ClI P value Estimate 95%CI P value
Age (years) 0.08 0.02t00.1 0.014 - - -

Pulse pressure difference Univariable Multivariable

n=474, 9 studies Estimate 95%ClI P value Estimate 95%ClI P value
Age (years) -0.2 -0.3t0-0.1 <0.0001 -0.16 -0.2t0-0.1 0.0002
Body mass index (kg/m?) 0.3 0.1to0.4 0.001 0.24 0.1t00.4 0.006
Type of brachial cuff device (O=oscillometric, 8.4 3.0t013.7 0.002 5.70 -1.1t012.4 0.10
1=mercury)

Linear mixed modelling used to account for participant clustering within studies. BP, blood pressure; 95%CI, 95% confidence interval. Clinical and demographic data was not
available from all studies, therefore this analysis is on a subset of subjects and studies as reported in the table.
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Online Table 19. Univariable and multivariable analysis of clinical and demographic associations with the difference between brachial

cuff and intra-arterial aortic systolic BP, diastolic BP and pulse pressure.

Systolic BP difference Univariable Multivariable

n=1225, 21 studies Estimate 95%CI P value Estimate 95%Cl P value
Age (years) -0.2 -0.3--0.1 <0.0001 -0.2 -0.2-0.1 <0.0001
Sex (0=female, 1=male) 5.0 35-64 <0.0001 4.1 2.3-59 <0.0001
Heart rate (bpm) 0.1 0.1-0.2 <0.0001 0.1 0.1-0.2 <0.0001
Body mass index (kg/m?) 0.2 0.0-0.3 0.015 0.1 -0.0-0.2 0.13
Measurement protocol (O=simultaneous, 6.6 1.0-12.2 0.02 7.3 1.5-13.0 0.014
1=sequential)

Diastolic BP difference Univariable Multivariable

n=1373, 25 studies Estimate 95%CI P value Estimate 95%ClI P value
Age (years) 0.2 0.1-0.2 <0.0001 0.2 0.1-0.2 <0.0001
Sex (O=female, 1=male) 1.2 02-21 0.021 1.3 03-22 0.008
Body mass index (kg/m?) -0.2 -0.3--0.1 <0.0001 -0.1 -0.2--0.1 0.001
Pulse pressure difference Univariable Multivariable

n=1225, 21 studies Estimate 95%Cl P value Estimate 95%ClI P value
Age (years) -0.4 -04--03 <0.0001 -0.3 -0.4--0.3 <0.0001
Sex (0=female, 1=male) 3.9 24-54 <0.0001 4.1 2.7-55 <0.0001
Heart rate (bpm) 0.2 0.1-0.2 <0.0001 0.2 0.1-0.2 <0.0001
Body mass index (kg/m?) 0.2 0.2-0.2 <0.0001 0.3 0.1-0.4 0.0001

Linear mixed modelling used to account for participant clustering within studies. BP, blood pressure; 95%CI, 95% confidence interval. Clinical and demographic data was

not available from all studies, therefore this analysis is on a subset of subjects and studies as reported in the table.
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Online Table 20. Comparison of meta-analysis 1 participant characteristics and blood pressure
between maximum rated studies (5/5) based on our study quality rating versus those studies that did
not receive the maximum rating.

Mean difference (95%CI) between non- P value of
maximum rated studies (<5) and maximum difference
rated (=5) or %
Age (years) 12.4 (1.2t0 23.3) 0.031
Male sex 72% (max rated) vs 73% (non-max rated) 0.95
Height (cm) -7.8 (-15.7 t0 -0.02) 0.055
Weight (kg) -1.1 (-13.310 10.8) 0.86
Body mass index (kg/m?) 2.0 (-0.5t0 4.4) 0.12
Heart rate (beats/min) -3.0 (-7.3t0 1.3) 0.18
Intra-arterial brachial — intra-arterial aortic SBP, mmHg -0.2 (-6.6 t0 6.1) 0.96
Intra-arterial brachial — intra-arterial aortic DBP, mmHg 15(-0.2t03.2) 0.078
Intra-arterial brachial — intra-arterial aortic PP, mmHg -3.0(-9.6 to 3.5) 0.37
Intra-arterial brachial SBP (mmHg) 8.7 (0.7 to 16.5) 0.033
Intra-arterial aortic SBP (mmHg) 9.1 (-0.7 to 18.6) 0.069
Intra-arterial brachial DBP (mmHg) 2.4 (-3.0t07.7) 0.38
Intra-arterial aortic DBP (mmHg) 1.0(-3.8t05.8) 0.68
Intra-arterial brachial PP (mmHg) 7.4 (-1.1 to 15.6) 0.084
Intra-arterial aortic PP (mmHg) 10.6 (2.2 to 18.8) 0.014

Data are mean (95% confidence interval (95%CIl)) or percentage. A positive mean difference indicates a higher value for the
maximum rated studies versus the non-maximum rated studies, whereas a negative mean difference indicates a higher value for the
non-maximum rated studies compared with the maximum rated studies. SBP, systolic blood pressure; DBP, diastolic blood
pressure; PP, pulse pressure.
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Online Table 21. Comparison of meta-analysis 2 participant characteristics and blood
pressure between maximum rated studies (6/6) based on our study quality rating versus those
studies that did not receive the maximum rating.

Mean difference (95%CI) between non- P value of
maximum rated studies (=0) and maximum difference
rated (=1) or %
Age (years) -1.6 (-8.1t0 4.9) 0.64
Male sex 71% (max rated) vs 59% (nhon-max rated) 0.002
Height (cm) 2.0 (-1.7t05.7) 0.29
Weight (kg) 2.1 (-6.0 to 10.0) 0.61
Body mass index (kg/m?) -0.2 (-3.0t0 2.5) 0.90
Heart rate (beats/min) No data in non-maximum rated studies -
Brachial cuff — intra-arterial brachial SBP, mm -2.0 (-6.6 t0 2.4) 0.38
Hg
Brachial cuff — intra-arterial brachial DBP, mm -20(-5.4t01.4) 0.27
Hg
Brachial cuff — intra-arterial brachial PP, mm Hg  -0.2 (-4.5t0 4.0) 0.91
Brachial cuff SBP (mm Hg) 5.0 (-7.3t0 16.9) 0.43
Intra-arterial brachial SBP (mm Hg) 6.2 (-6.1 t0 18.2) 0.32
Brachial cuff DBP (mm Hg) -1.2 (-8.0t0 5.5) 0.74
Intra-arterial brachial DBP (mm Hg) 0.9 (-5.3106.9) 0.78
Brachial cuff PP (mm Hg) 4.7 (-4.1t0 13.4) 0.30
Intra-arterial brachial PP (mm Hg) 3.0(-5.1t011.0) 0.47

Data are mean (95% confidence interval (95%CIl)) or percentage. A positive mean difference indicates a higher value
for the maximum rated studies versus the non-maximum rated studies, whereas a negative mean difference indicates a
higher value for the non-maximum rated studies compared with the maximum rated studies. SBP, systolic blood
pressure; DBP, diastolic blood pressure; PP, pulse pressure.
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Online Table 22. Comparison of meta-analysis 3 participant characteristics and blood
pressure between maximum rated studies (5/5) based on our study quality rating versus those
studies that did not receive the maximum rating.

Mean difference (95%CI) between non- P value of

maximum rated studies (=0) and maximum difference

rated (=1) or %
Age (years) -4.1 (-10.6t0 2.2) 0.21
Male sex 72% (max rated) vs 67% (non-max rated) 0.032
Height (cm) -4.0(-9.9t01.7) 0.18
Weight (kg) -11.2 (-22.5t0 -0.1) 0.053
Body mass index (kg/m?) -2.8(-5.8100.2) 0.072
Heart rate (beats/min) -0.7(-3.1t0 1.7) 0.57
Brachial cuff — intra-arterial aortic SBP, mmHg 2.0(-2.0t05.8) 0.33
Brachial cuff — intra-arterial aortic DBP, mm Hg 0.3 (-3.3t0 3.7) 0.89
Brachial cuff — intra-arterial aortic PP, mm Hg 1.7 (-3.1t0 6.5) 0.48
Brachial cuff SBP (mm Hg) -3.2(-9.5t02.9) 0.31
Intra-arterial aortic SBP (mm Hg) -5.1(-11.2t0 0.9) 0.10
Brachial cuff DBP (mm Hg) -1.4 (-5.810 2.9) 0.52
Intra-arterial aortic DBP (mm Hg) -1.6 (-4.7t0 1.4) 0.31
Brachial cuff PP (mm Hg) -1.2 (-6.6 t0 4.0) 0.65
Intra-arterial aortic PP (mm Hg) -2.8(-7.9t02.1) 0.27

Data are mean (95% confidence interval (95%CIl)) or percentage. A positive mean difference indicates a higher value
for the maximum rated studies versus the non-maximum rated studies, whereas a negative mean difference indicates a
higher value for the non-maximum rated studies compared with the maximum rated studies. SBP, systolic blood
pressure; DBP, diastolic blood pressure; PP, pulse pressure.
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Online Table 23. Comparison of meta-analysis 1 participant characteristics and blood pressure
between published and unpublished data

Mean difference (95%CI) or n (%) between published P value of
studies (=0) and unpublished studies (=1) difference
N 416 (81%) published, 99 (19%) unpublished
Age (years) 7.3(-6.91t021.1) 0.31
Male sex 71% (published) vs 78% (unpublished) 0.20
Height (cm) -0.6 (-8.8t0 7.5) 0.90
Weight (kg) 5.5(-2.6t0 13.4) 0.19
Body mass index (kg/m?) 1.9 (0.1t03.7) 0.043
Heart rate (beats/min) -1.3(-6.4t03.7) 0.62
Intra-arterial brachial — intra-arterial -0.4 (-791t0 7.0) 0.92
aortic SBP, mm Hg
Intra-arterial brachial — intra-arterial -1.6 (-3.510 0.3) 0.10
aortic DBP, mm Hg
Intra-arterial brachial — intra-arterial 0.4 (-7.41t0 8.0) 0.93
aortic PP, mm Hg
Intra-arterial brachial SBP (mm Hg) 4.4 (-6.6 t0 15.2) 0.43
Intra-arterial aortic SBP (mm Hg) 5.0(-7.91t0 17.6) 0.45
Intra-arterial brachial DBP (mm Hg) -2.8 (-9.0t0 3.3) 0.38
Intra-arterial aortic DBP (mm Hg) -1.2 (-6.8t04.2) 0.66
Intra-arterial brachial PP (mm Hg) 7.4 (-2.310 17.0) 0.13
Intra-arterial aortic PP (mm Hg) 7.1(-4.21018.3) 0.22

Data are mean (95% confidence interval (95%CI)) or percentage. A positive mean difference indicates a higher value for
the unpublished studies versus the published studies, whereas a negative mean difference indicates a higher value for the
published studies compared with the unpublished studies. SBP, systolic blood pressure; DBP, diastolic blood pressure; PP,
pulse pressure.
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Online Table 24. Comparison of meta-analysis 2 participant characteristics and blood
pressure between published and unpublished data

Mean difference (95%CI) or n (%) between P value of
published studies (=0) and unpublished studies  difference
(=1)
N 648 (88%) published, 87 (12%) unpublished
Age (years) 10.3 (-5.2 t0 24.9) 0.20
Male sex 58% (published) vs 77% (unpublished) 0.002
Height (cm) 1.3(-4.7t07.2) 0.66
Weight (kg) 0.2 (-13.1t0 13.2) 0.98
Body mass index (kg/m?) -0.7 (-5.3 10 3.9) 0.77
Heart rate (beats/min) -2.5(-10.81t05.7) 0.56
Brachial cuff — intra-arterial brachial -5.2(-12.71t02.1) 0.17
SBP, mm Hg
Brachial cuff — intra-arterial brachial -0.8 (-6.4 to 4.6) 0.77
DBP, mm Hg
Brachial cuff — intra-arterial brachial -4.1 (-10.2 t0 2.0) 0.20
PP, mm Hg
Brachial cuff SBP (mm Hg) -8.8 (-31.810 13.7) 0.45
Intra-arterial brachial SBP (mm Hg) -3.6 (-27.11t0 19.4) 0.76
Brachial cuff DBP (mm Hg) -7.9 (-20.6 to 4.4) 0.22
Intra-arterial brachial DBP (mm Hg) -7.2 (-17.31t0 2.7) 0.16
Brachial cuff PP (mm Hg) -1.4 (-16.0 t0 12.9) 0.85
Intra-arterial brachial PP (mm Hg) 2.4 (-10.0 to 14.6) 0.70

Data are mean (95% confidence interval (95%CIl)) or percentage. A positive mean difference indicates a higher
value for the unpublished studies versus the published studies, whereas a negative mean difference indicates a
higher value for the published studies compared with the unpublished studies. SBP, systolic blood pressure; DBP,
diastolic blood pressure; PP, pulse pressure.
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Online Table 25. Comparison of meta-analysis 3 participant characteristics and blood
pressure between published and unpublished data

Mean difference (95%CI) or n (%) between P value of
published studies (=0) and unpublished studies difference
(1)
N 1493 (81%) published, 351 (19%) unpublished
Age (years) 4.1(-3.8t011.7) 0.31
Male sex 68% (published) vs 73% (unpublished) 0.057
Height (cm) 2.5(-5.0t09.9) 0.51
Weight (kg) 0.4 (-14.310 14.7) 0.96
Body mass index (kg/m?) -0.3(-4.0t0 3.3) 0.87
Heart rate (beats/min) -1.7(-49t0 1.4) 0.29
Brachial cuff — intra-arterial brachial SBP, -0.9 (-6.0t0 4.1) 0.73
mm Hg
Brachial cuff — intra-arterial brachial DBP, -1.3(-3.1t0 5.6) 0.56
mm Hg
Brachial cuff — intra-arterial brachial PP, mm  -2.3 (-8.3t0 3.7) 0.47
Hg
Brachial cuff SBP (mm Hg) 1.9 (-6.3109.8) 0.66
Intra-arterial aortic SBP (mm Hg) 2.4 (-5.810 10.4) 0.56
Brachial cuff DBP (mm Hg) -1.0 (-6.5t0 4.4) 0.72
Intra-arterial aortic DBP (mm Hg) -2.2 (-6.0t0 1.6) 0.27
Brachial cuff PP (mm Hg) 3.5(-3.0t0 10.0) 0.30
Intra-arterial aortic PP (mm Hg) 5.0(-1.4t011.2) 0.12

Data are mean (95% confidence interval (95%CI)) or percentage. A positive mean difference indicates a higher value
for the unpublished studies versus the published studies, whereas a negative mean difference indicates a higher value
for the published studies compared with the unpublished studies. SBP, systolic blood pressure; DBP, diastolic blood
pressure; PP, pulse pressure.
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Online Figure 1. Study flow diagram for systolic blood pressure in meta-analysis 1,
formatted as recommended by the Preferred Reporting Items for Systematic reviews
and Meta-Analysis of individual participant data (PRISMA-IPD).
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Online Figure 2. Study flow diagram for systolic blood pressure in meta-analysis 2,

formatted as recommended by the Preferred Reporting Items for Systematic reviews

and Meta-Analysis of individual participant data (PRISMA-IPD).
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Online Figure 3. Study flow diagram for systolic blood pressure in meta-analysis 3,
formatted as recommended by the Preferred Reporting Items for Systematic reviews
and Meta-Analysis of individual participant data (PRISMA-IPD).
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Online Figure 4. Study flow diagram formatted as recommended by the Preferred
Reporting Items for Systematic reviews and Meta-Analysis of individual participant
data (PRISMA-IPD) statement for diastolic blood pressure and pulse pressure in meta-

analysis 1.
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Online Figure 5. Study flow diagram formatted as recommended by the Preferred
Reporting Items for Systematic reviews and Meta-Analysis of individual participant
data (PRISMA-IPD) statement for diastolic blood pressure and pulse pressure in meta-
analysis 2.
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Online Figure 6. Study flow diagram formatted as recommended by the Preferred
Reporting Items for Systematic reviews and Meta-Analysis of individual participant
data (PRISMA-IPD) statement for diastolic blood pressure and pulse pressure in meta-
analysis 3.
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Online Figure 7. Forest plot of intra-arterial aortic and brachial BP difference.
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Online Figure 87. Agreement plots for systolic blood pressure (SBP), diastolic BP (DBP)
and pulse pressure (panels A-C respectively) for meta-analysis 1.
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mean difference of the data.
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Online [ppP2jFigure 89. Association between intra-arterial aortic and brachial systolic
blood pressure (SBP), diastolic BP (DBP) and pulse pressure (panels A-C respectively)
for meta-analysis 1.
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coefficient and corresponding p-value are reported on each plot. Each colour represent a different study from the
meta-analysis.
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Online Figure 109. Scatter plots for brachial cuff and intra-arterial brachial systolic

blood pressure (SBP), diastolic BP (DBP) and pulse pressure (panels A-C respectively)
for meta-analysis 2.
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coefficient and corresponding p-value are reported on each plot. This analysis does not inform individual risk
stratification, see Table 1 of the main article for this detail.
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Online Figure 161. Scatter plots for brachial cuff and intra-arterial brachial systolic

blood pressure (SBP), diastolic BP (DBP) and pulse pressure (panels A-C respectively)
for meta-analysis 3.
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and corresponding p-value are reported on each plot. This analysis does not inform individual risk stratification,
see Table 1 of the main article for this detail.

63



]Online \[Dps]Figure 112. Agreement plot of brachial cuff DBP and intra-arterial brachial
and aortic DBP
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