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Expanded Methods.

Description of the order of the cuff BP measurements.

Cuff and invasive BP were measured simultaneously in seventeen studies (n=1078). Cuff BP was measured just
prior to the invasive BP in seven studies (n=313), whereas invasive BP was measured just prior to cuff BP in
five studies (n=204). In one study (n=27), duplicate cuff BP measurements were recorded, then invasive BP,
then duplicate cuff BP again with the average of the four cuff values used for analysis. In another study (n=52),
an invasive BP was recorded, then cuff BP and then another invasive BP with the average of the duplicate
invasive BP recordings used for analysis.

Description of the study quality score used. One point was awarded for each of the five attributes when the
highest standard of study quality was met.

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 pointl_ OR
b) sequential, describing the time between measurements and that no major hemodynamic changes
occurred: 1 point” OR
c) sequential, insufficient detail for b): 0 points
3. Position of catheter in aorta
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
hemodynamic instability / difficulty to obtain accurate measurements): 1 point OR
b) detailed description of the patient clinical characteristics (with reference to conditions that may cause
hemodynamic 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 hemodynamic 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
hemodynamic instability / difficulty to obtain accurate measurements): 0 points



Online supplement Table S1. Studies included in the cuff versus invasive aortic BP analyses.
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Online supplement Table S2. Studies included in the cuff versus invasive brachial BP sensitivity analyses.
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Online supplement Table S3. Cuff blood pressure compared with invasive aortic
systolic, diastolic and pulse pressure differences across decades of age.

Cuff — invasive aortic
systolic blood pressure

40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
80 to 89 years

Cuff — invasive aortic
diastolic blood pressure

40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
80 to 89 years

Cuff — invasive aortic pulse

pressure
40 to 49 years
50 to 59 years
60 to 69 years
70 to 79 years
80 to 89 years

Difference

3.4
1.2
-0.6
-2.7
-3.7

3.8
54
6.1
7.9
9.9

-0.4
-4.2
-6.7
-10.7
-13.6

95% confidence interval p-value

0.5t06.3 <0.0001
-1.3t0 3.7
-3.1t01.8
-5.210-0.2
-7.0t0-0.4

1.6t06.1 <0.0001
34t07.4

4.1t08.0

5.9t0 10.0

7410125

-3.6t02.7 <0.0001
-7.0to-1.4

-9.4t0-4.0

-13.4 t0-7.9

-17.2 t0-10.1

The ‘difference’ column is the marginal effects of the mean calculated for cuff minus invasive aortic BP at each age decade. The
number of subjects in each age decade is as follows: 40 to 49 years, n=168; 50 to 59 years, n=403; 60 to 69 years, n=550; 70 to 79
years, n=447; 80 to 89 years, n=106. Units for all BP data are mm Hg.
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Online supplement Table S4. Cuff blood pressure compared with invasive aortic
systolic, diastolic and pulse pressure differences across decades of age and adjusted for
Sex.

Estimate 95% confidence interval p-value
Cuff — invasive aortic
systolic blood pressure
Age category -1.7 -2.3t0-1.2 <0.0001
Sex 4.8 3.41t06.1 <0.0001
Cuff — invasive aortic
diastolic blood pressure
Age category 1.5 1.05t01.9 <0.0001
Sex 1.9 09t029 0.00020
Cuff — invasive aortic pulse
pressure
Age category -3.2 -3.8t0-2.6 <0.0001
Sex 2.9 1.5t04.2 <0.0001

Linear mixed modelling was used to account for participant clustering within individual studies. The age category refers to subjects
grouped according to the following age decades: 40 to 49 years, n=166; 50 to 59 years, n=398; 60 to 69 years, n=537; 70 to 79 years,
n=440; 80 to 89 years, n=106. There was no interaction between the age category and sex.
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Online supplement Table S5. Cuff blood pressure compared with invasive aortic
systolic, diastolic and pulse pressure differences across decades of age, adjusted for mean
arterial pressure, heart rate and body mass index.

Estimate 95% confidence interval p-value
Cuff — invasive aortic
systolic blood pressure
Age category -1.4 -2.0t0-0.8 <0.0001
Invasive mean arterial -0.40 -0.44 10 -0.36 <0.0001
pressure
Heart rate 0.15 0.10 to 0.20 <0.0001
Body mass index 0.18 0.0551t00.31 0.0051
Cuff — invasive aortic
diastolic blood pressure
Age category 1.6 11to2.1 <0.0001
Invasive mean arterial 013 -0.16 t0 -0.092 <0.0001
pressure
Heart rate -0.029 -0.071t0 0.013 0.18
Body mass index -0.097 -0.20 to 0.0095 0.075
Cuff — invasive aortic pulse
pressure
Age category -3.0 -3.6t0-2.3 <0.0001
Invasive mean arterial -0.28 -0.32 10 -0.23 <0.0001
pressure
Heart rate 0.18 0.13t00.24 <0.0001
Body mass index 0.28 0.14t00.42 <0.0001

Linear mixed modelling was used to account for participant clustering within individual studies. The age category refers to subjects
grouped according to the following age decades: 40 to 49 years, n=150; 50 to 59 years, n=350; 60 to 69 years, n=443; 70 to 79 years,
n=355; 80 to 89 years, n=84.
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Online supplement Table S6. Sample characteristics across each decade of age for the cuff and invasive brachial blood pressure measurements.

40 to 49 years 50 to 59 vyears 60 to 69 years 70 to

79 years 80 to 89 \years

(n=71) (n=141) (n=159) (n=118) (n=31)
Subject characteristics
Age, years 45.4+3 54.8+3 64.0 [61.0 to 66.0] 74.6%3 81 [80.0 to 82.5]
Female sex, %* 21 (27) 36 (32) 47 (37) 29 (26) 1(4)
Height, cm' 166.5+9.6 165.249.1 165.6+10.5 164.749.8 164.4+6.7
Weight, kg 82.3+20.6 81.0+21.5 79.4+17.4 72.6+14.8 67.3+11.5
Body mass index, kg/m®® 29.7+7.3 29.7+7.6 28.9+6.0 26.7+5.3 24.9+3.6
Heart rate, beats/min ! 69+13 67+11 68+12 66+12 63+9
Blood pressure
Cuff systolic blood pressure  143+38 138+26 147430 149+28 150+27
Cuff diastolic blood 85+21 82+15 78+16 78+13 7513
pressure
Cuff pulse pressure 58+20 56x17 69122 71+22 75+25
Invasive brachial systolic 145+32 143124 153+30 156+27 157427
blood pressure
Invasive brachial diastolic 80+18 76+14 73£15 71+13 66+11
blood pressure
Invasive  brachial pulse 65+18 67+17 80+22 84121 91425
pressure

Data are meanzstandard deviation or median [interquartile range]. All blood pressure units are mm Hg. *n=433; 'n=477; n=481; *n=477; h=364.
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Online supplement Table S7. Unadjusted data for cuff blood pressure compared with invasive brachial systolic, diastolic and pulse

pressure differences across 10-year age groups.

Decade of age n Difference  95% confidence interval p-value (trend)
Cuff — invasive brachial systolic blood pressure

40 to 49 years 71 -4.2 -8.8100.3 0.025
50 to 59 years 141 -71 -11.3t0-2.9

60 to 69 years 159 -75 -11.7t0-3.4

70 to 79 years 118 -8.1 -12.4t0-3.8

80 to 89 years 31 -95 -15.1t0-3.9

Cuff — invasive brachial diastolic blood pressure

40 to 49 years 71 4.4 13to7.4 0.015
50 to 59 years 141 5.0 23107.8

60 to 69 years 159 46 19t07.3

70 to 79 years 118 6.2 3.4109.0

80 to 89 years 31 9.3 5.61t013.1

Cuff — invasive brachial pulse pressure

40 to 49 years 71 -8.6 -12.9t0-4.2 <0.0001
50 to 59 years 141 -12.1 -16.1t0-8.1

60 to 69 years 159 -12.2 -16.1t0 -8.2

70 to 79 years 118 -14.3 -18.4t0 -10.2

80 to 89 years 31 -18.8 -24.2t0-13.5

The ‘difference’ column is the marginal effects of the mean calculated for cuff minus invasive brachial BP at each age group. Units for all BP data are mm Hg.
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Online supplement Table S8. Cuff blood pressure compared with invasive brachial
systolic, diastolic and pulse pressure differences across decades of age and adjusted for

Sex.
Estimate 95% confidence interval p-value

Cuff — invasive aortic

systolic blood pressure

Age category -0.58 -1.5t00.3 0.20

Sex 0.41 -1.7t02.6 0.71

Cuff — invasive aortic

diastolic blood pressure

Age category 1.1 0.45t0 1.7 0.00068

Sex 1.3 -0.22t0 2.8 0.096

Cuff — invasive aortic pulse

pressure

Age category -1.6 -2.510 -0.67 0.0006

Sex -0.87 -3.1t0 1.3 0.44

Linear mixed modelling was used to account for participant clustering within individual studies. The age category refers to subjects
grouped according to the following age decades: 40 to 49 years, n=56; 50 to 59 years, n=111; 60 to 69 years, n=128; 70 to 79 years,
n=110; 80 to 89 years, n=28. There was no interaction between the age category and sex.

16



Online supplement Table S9. Cuff blood pressure compared with invasive brachial
systolic, diastolic and pulse pressure differences across decades of age, adjusted for mean
arterial pressure, heart rate and body mass index.

Cuff — invasive brachial
systolic blood pressure
Age category

Invasive mean arterial
pressure

Heart rate

Body mass index

Cuff — invasive brachial
diastolic blood pressure
Age category

Invasive mean arterial
pressure

Heart rate

Body mass index

Cuff — invasive brachial
pulse pressure

Age category

Invasive mean arterial
pressure

Heart rate

Body mass index

Estimate

-0.48
-0.33

0.022
0.077

1.2
-0.030

0.036
-0.29

-1.7
-0.30

-0.013
0.35

959% confidence interval

-1.5t0 0.53
-0.42t0-0.24

-0.069t0 0.11
-0.17t0 0.33

0.47to 1.96
-0.097 t0 0.034

-0.032 t0 0.010
-0.47 to -0.095

-2.710 -0.69
-0.38t0-0.21

-0.10t0 0.078
0.096 to 0.60

p-value

0.35
<0.0001

0.63
0.55

0.0016
0.37

0.30
0.0030

0.0011
<0.0001

0.78
0.0064

Linear mixed modelling was used to account for participant clustering within individual studies. The age category refers to subjects
grouped according to the following age decades: 40 to 49 years, n=40; 50 to 59 years, n=86; 60 to 69 years, n=106; 70 to 79 years,

n=79; 80 to 89 years, n=21.
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Online supplement Table S10. Influence of age on cuff blood pressure (BP) compared
with invasive aortic BP when adjusted for the difference in invasive brachial and invasive
aortic systolic, diastolic or pulse pressure (BP amplification).

Cuff-aortic SBP Cuff-aortic DBP Cuff-aortic PP
Age -1.1[-2.1t0-0.2] 1.3[0.56 to 2.0] -2.5[-3.4t0-1.5]
P=0.018 P=0.00043 P<0.0001

Invasive brachial - 0.47 [0.35 to 0.59] 0.68 [0.49 to 0.88] 0.42 [0.29 to 0.54]

invasive aortic blood P<0.0001 P<0.0001 P<0.0001
pressure

Data are estimate [95% confidence interval] and calculated using linear mixed modelling. SBP, systolic blood pressure; DBP, diastolic
blood pressure; PP, pulse pressure.
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1881 subjects within cuff and
invasive aortic blood pressure
measurements

144 subjects without age variable

1737 subjects after removal of
those missing the age variable

63 subjects <40 or >90 years of age

1674 subjects in primary
analysis

27 subjects missing sex variable

1647 subjects in\bnalysis
adjusting for sex

292 subjects missing heart rate or
body mass index variables

1382 subjects in analysis
adjusting for heart rate, body mass
index and invasive aortic mean
arterial pressure

Online supplement Figure S1. Flow of subjects according to the study inclusion criteria from the database of cuff and
invasive aortic blood pressure measurements.
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Online su pplement Flgure S2. cuff blood pressure (BP) compared with invasive aortic systolic (SBP; A), diastolic (DBP;
B) and pulse pressure (PP; C) measurements (y-axis) stratified by the type of catheter (fluid-filled or micromanometer tip) across decades of
age (x-axis). Data are mean difference and 95% confidence interval (error bars). The number of subjects in each age and catheter type
grouping is shown in the table on the middle right of the figure. Data above the solid horizontal zero line indicates cuff BP is higher than
invasive aortic BP and vice versa below the zero line.
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Online su pplement Figure S3. cuff blood pressure (BP) compared with invasive aortic systolic (SBP; A), diastolic (DBP;
B) and pulse pressure (PP; C) measurements (y-axis) stratified by the study quality score (maximum or non-maximum score) across ten-year
age groups (x-axis). Data are mean difference and 95% confidence interval (error bars). The number of subjects in each age and study
quality score grouping is shown in the table on the middle right of the figure. Data above the solid horizontal zero line indicates cuff BP is
higher than invasive aortic BP and vice versa below the zero line.
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750 subjects within cuff and
invasive brachial blood pressure
measurements

150 subjects without age variable

\

600 subjects after removal of
those missing the age variable

80 subjects <40 or >90 years of age

520 subjects in primary analysis

87 subjects missing sex, heart rate or
body mass index variables

188 subjects missing heart rate or
body mass index variables

332 subjects in analysis adjusting
for heart rate, body mass index
and invasive brachial mean
arterial pressure

433 subjects in analysis adjusting
for sex

Online supplement Figure S4. Flow of subjects according to the study inclusion criteria from the database of cuff and
invasive brachial blood pressure measurements.
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Online su pplement Figure S5. cuff blood pressure (BP) compared with invasive brachial systolic BP (red), diastolic BP (green) and pulse pressure (blue) measurements across age decades. Data are
mean difference and 95% confidence interval (error bars). Data above the solid horizontal zero line indicates cuff BP is higher than invasive brachial BP and vice versa below the zero line. The trend for age related
difference in cuff BP compared with invasive aortic BP was significant for each of BP variable, p=0.025 systolic BP, p=0.015 diastolic BP and p<0.0001 pulse pressure.
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Online su pplement Flgure S6. cuff blood pressure (BP) compared with invasive brachial systolic BP (SBP; A), diastolic
BP (DBP; B) and pulse pressure (PP; C) measurements across decades of age and stratified according to the category of cuff BP control
(according to the 2017 American Heart Association/American College of Cardiology arterial hypertension guidelines). Data are mean
difference and 95% confidence interval (error bars). Data above the solid horizontal zero line indicates cuff BP is higher than invasive
brachial BP and vice versa below the zero line. The number of subjects in each age and BP guideline grouping is shown in the table on the
middle right of the figure. Within each BP category, there were only significant trends for the influence of age on cuff BP compared with
invasive brachial BP for SBP in stage 2 hypertension, DBP in the elevated category and PP in stage 1 and 2 hypertension. Circles, normal
BP; triangles, elevated BP; squares, stage 1 hypertension; crosses; stage 2 hypertension.
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Online su pplement Flgure S7. cuff blood pressure (BP) compared with invasive brachial systolic (SBP; A), diastolic
(DBP; B) and pulse pressure (PP; C) measurements (y-axis) stratified by the type of catheter (fluid-filled or micromanometer tip) across ten-
year age groups (x-axis). Data are mean difference and 95% confidence interval (error bars). The number of subjects in each age and
catheter type grouping is shown in the table on the middle right of the figure. Data above the solid horizontal zero line indicates cuff BP is

higher than invasive aortic BP and vice versa below the zero line.
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Online supplement Figu re S8. cuff blood pressure (BP) compared with invasive brachial systolic (SBP; A), diastolic
(DBP; B) and pulse pressure (PP; C) measurements (y-axis) stratified by the type of sphygmomanometer used (oscillometric or mercury)
across decades of age (x-axis). Data are mean difference and 95% confidence interval (error bars). The number of subjects in each age and
sphygmomanometer grouping is shown in the table on the middle right of the figure. Data above the solid horizontal zero line indicates cuff
BP is higher than invasive brachial BP and vice versa below the zero line.
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Online su pplement FIgU re S9. The difference between cuff systolic blood pressure (SBP) and invasive aortic (circles) or
invasive brachial (triangles) SBP is plotted alongside SBP amplification (SBP amp; invasive brachial SBP— invasive aortic SBP; squares) in
panel A. The difference between cuff pulse pressure (PP) and invasive aortic (circles) or invasive brachial (triangles) PP isplotted with PP
amplification (invasive brachial PP — invasive aortic PP; squares) in panel B. Data are mean and 95% confidence interval (error bars). Data
above the solid horizontal zero line indicates cuff BP is higher than invasive BP and vice versa below the zero line. Data is from a subset of

372 subjects.
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Number of participants according to
order of measurements and decades of age

Simultaneous (n=1078)
40-49 years (n=98)
50-59 years (n=251)
60-69 years (n=358)
70-79 years (n=300)
80-89 years (n=71)

Invasive then cuff (n=204)
40-49 years (n=29)
50-59 years (n=54)
60-69 years (n=55)
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Online supplement FIgU re S10. cuff blood pressure (BP) compared with invasive aortic systolic BP (SBP; A), diastolic
BP (DBP; B) and pulse pressure (PP; C) measurements across decades of age and stratified according to the order of BP measurements.
Data are mean difference and 95% confidence interval (error bars). Circles, cuff and invasive BP measured simultaneously; triangles,
invasive BP measured just prior to cuff BP; squares, cuff BP measured just prior to invasive BP; crosses; all data together.
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