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Summary
Background Diff erences in systolic blood pressure (SBP) of 10 mm Hg or more or 15 mm Hg or more between arms 
have been associated with peripheral vascular disease and attributed to subclavian stenosis. We investigated whether 
an association exists between this diff erence and central or peripheral vascular disease, and mortality.

Methods We searched Medline, Embase, Cumulative Index to Nursing and Allied Health Literature, Cochrane, and 
Medline In Process databases for studies published before July, 2011, showing diff erences in SBP between arms, with 
data for subclavian stenosis, peripheral vascular disease, cerebrovascular disease, cardiovascular disease, or survival. 
We used random eff ects meta-analysis to combine estimates of the association between diff erences in SBP between 
arms and each outcome.

Findings We identifi ed 28 eligible studies for review, 20 of which were included in our meta-analyses. In fi ve invasive 
studies using angiography, mean diff erence in SBP between arms was 36·9 mm Hg (95% CI 35·4–38·4) for proven 
subclavian stenosis (>50% occlusion), and a diff erence of 10 mm Hg or more was strongly associated with subclavian 
stenosis (risk ratio [RR] 8·8, 95% CI 3·6–21·2). In non-invasive studies, pooled fi ndings showed that a diff erence of 
15 mm Hg or more was associated with peripheral vascular disease (nine cohorts; RR 2·5, 95% CI 1·6–3·8; sensitivity 
15%, 9–23; specifi city 96%, 94–98); pre-existing cerebrovascular disease (fi ve cohorts; RR 1·6, 1·1–2·4; sensitivity 8%, 
2–26; specifi city 93%, 86–97); and increased cardio vascular mortality (four cohorts; hazard ratio [HR] 1·7, 95% CI 
1·1–2·5) and all-cause mortality (HR 1·6, 1·1–2·3). A diff erence of 10 mm Hg or higher was associated with peripheral 
vascular disease (fi ve studies; RR 2·4, 1·5–3·9; sensitivity 32%, 23–41; specifi city 91%, 86–94).

Interpretation A diff erence in SBP of 10 mm Hg or more, or of 15 mm Hg or more, between arms might help to 
identify patients who need further vascular assessment. A diff erence of 15 mm Hg or more could be a useful indicator 
of risk of vascular disease and death.

Funding Royal College of General Practitioners, South West GP Trust, and Peninsula Collaboration for Leadership in 
Applied Health Research and Care.

Introduction
Peripheral vascular disease is a risk factor for future 
cardiovascular events and mortality,1 and it is associated 
with reduced arterial pressures in legs.2,3 Early detection 
of the disease is important because interventions to 
promote smoking cessation, lower blood pressure, or 
off er statin therapy can reduce mortality.4–6 Most cases, 
however, are clinically silent,7 and gold-standard non-
invasive identifi cation of this disease requires detection of 
a reduced ankle-brachial pressure index at rest or after a 
stress test.8 This measurement requires time, experience, 
and training;9 it is not routinely undertaken in primary-
care assessment of hypertensive patients and is not 
proposed within the UK vascular check programme.10,11

Data suggest that a diff erence in systolic blood pressure 
(SBP) of 10 mm Hg or more or of 15 mm Hg or more 
between arms might, like a reduced ankle-brachial 
pressure, suggest poor prognosis.12–15 Researchers have 
linked a diff erence of more than 15 mm Hg with subclavian 
stenosis14,16,17 and atherosclerotic plaque,18,19 although no 
radiological investigation of atherosclerotic lesions in 

unselected populations has been undertaken. The latest 
guidance from the European Society of Hypertension and 
European Society of Cardiology advises that a diff erence 
between arms is due to peripheral vascular disease.20 
Although these guidelines are the fi rst to identify the 
disorder as the pathological basis for diff erences, no 
evidence is cited to justify this statement and thus it seems 
to be based on consensus (Dominiczak, A, University of 
Glasgow, and Parati, G, Università degli Studi Milano-
Bicocca, personal communications).

The new National Institute for Health and Clinical 
Excellence (NICE) clinical guideline for hypertension21 
states that a diff erence of less than 10 mm Hg can be 
regarded as normal; however, a diff erence of more than 
20 mm Hg between arms is unusual, occurring in less 
than 4% of people and usually associated with underlying 
vascular disease. Our previous meta-analysis of studies of 
opportunistic populations at low risk of bias22 showed a 
pooled prevalence for a diff erence of 20 mm Hg or more 
of 4·2%, but we also reported a prevalence of 19·6% for a 
diff erence of 10 mm Hg or more. The NICE guideline21 
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does not address diff erences of 10–20 mm Hg, perhaps 
because their clinical signifi cance is unknown.

Bilateral brachial blood-pressure measurements can be 
easily done and are recommended in assessment of new 
hypertensive patients.23 Detection of a diff erence in SBP 
between arms could be a pragmatic way to select patients 
at high risk of asymptomatic peripheral vascular disease 
in primary care. Although the need to check blood pressure 
in both arms is recognised in present guidelines,21,23 the 
advice is not followed by most UK general practitioners,24 
which could be because of inertia in adoption of the 
workload25 or because a clearly presented synthesis of the 
evidence for this intervention is lacking.26

How diff erences are measured is important; a simul-
taneous method obtaining repeated pairs of measure-
ments with one or two automated sphygmomanometers 
avoids overestimation of prevalence.27 However, this 
method needs additional resources, and many studies 
have used a pragmatic sequential measurement protocol22 
that can still detect the probable presence of diff erences 
between arms.28

We aimed to establish whether a diff erence in SBP 
between arms is associated with ipsilateral angio-
graphically proven subclavian stenosis on the side of the 
arm with the lowest pressure, with peripheral or 
cardiovascular disease, and with an increased risk of 
cardiovascular-related or all-cause mortality.

Methods
Search strategy and selection criteria
We undertook a systematic review in accordance with 
recognised methods.29 We searched the Medline, Embase, 
Cumulative Index to Nursing and Allied Health Literature, 
Cochrane Library, and Medline In Process databases for 
reports published between each database’s start date, and 
July 31, 2011. We used various search terms (webappendix). 
We searched one author’s (CEC) reference archive and 
reference lists of included primary studies for additional 

studies. Included study authors were contacted for further 
information and unpublished data if necessary.

Reports were reviewed by one author (CEC) and 
decisions were checked by a second (ACS or RST). We 
included cohort or cross-sectional studies of diff erences 
in blood pressure between arms in any adult population 
(aged ≥18 years) with data for central vascular disease, 
peripheral vascular disease, or death (table). Case reports 
were excluded, and no language exclusion criteria were 
applied. Information about study design, population, 
method of blood-pressure measurement, and outcomes 
were extracted to a standardised data form.

Statistical analysis
Data were processed in accordance with the Cochrane 
handbook.30 We compared (as dichotomous outcomes) 
subclavian stenosis, peripheral vascular disease, 
cerebrovascular disease, and cardiovascular disease status 
(table) between groups defi ned by diff erence in SBP 
between arms with prespecifi ed thresholds of either 
10 mm Hg or more or 15 mm Hg or more, and calculated 
risk ratios (RRs) and 95% CIs. Mortality outcomes were 
compared with hazard ratios (HRs). The weighted mean 
diff erence in SBP between groups was reported for 
individuals with angiographically proven subclavian 
stenosis. When estimates could be combined, RRs, HRs, 
and means were pooled with a conservative random eff ects 
model; otherwise individual study estimates are reported.

We undertook two a priori specifi ed subgroup analyses 
to assess whether associations varied by method of 
measurement of SBP diff erence (ie, sequential vs 
simultaneous) or by baseline cardiovascular risk of the 
cohort (ie, community vs hospital population). We 
estimated pooled sensitivity and specifi city values with 
the hierarchical summary receiver operating characteristic 
model when four or more studies were available.31,32 
When fewer than four studies were available, we reported 
sensitivity and specifi city values from individual studies. 
We did analyses with RevMan (version 5.1) and Stata 
(version 11.1).

Role of the funding source
The sponsors of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. All authors agreed to fi nal submission. The 
corresponding author had full access to the data.

Results
We identifi ed 691 unique reports by database searches and 
159 from personal collections and citations. 28 studies 
met the inclusion criteria and 20 reported quantitative 
data for inclusion (fi gure 1; webappendix).

Studies typically included groups of individuals with 
raised cardiovascular risk compared with the general 
population—eg, patients undergoing cardiac surgery or 
angiography (nine studies),16,33–40 those with known 
peripheral vascular disease (four studies),41–44 hospital 

See Online for webappendix

Invasive assessment Non-invasive assessment

Central vascular diseases

Coronary Angiography* Documented history of cardiac disease 
(myocardial infarction or angina)

Cerebrovascular (carotid or cerebral) Angiography* Documented history of cerebrovascular event 
or transient ischaemic attack

Aortic arch Angiography* NA

Peripheral vascular diseases

Subclavian stenosis Angiography* NA

Leg NA Measurement of reduced ankle brachial index 
(<0·9) or documented history of peripheral 
vascular disease in the leg

Mortality

All cause NA Prospective recording of events

Cardiovascular related NA Prospective recording of events

NA=no data available. *Percentage stenosis varied between individual reports.

Table: Vascular diseases and mortality outcomes assessed
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inpatients (two studies),45,46 or cardiology and vascular 
outpatients (four studies).13,14,47,48 Investigators of nine 
studies collected data in primary-care settings or from 
community-based populations.12,15,17,18,49–53 Two studies were 
of the same cohort; therefore, data for objective 
assessment of peripheral vascular disease were used 
in cross-sectional analyses51 and prospective data in 
survival analyses.12 Researchers of 12 studies (13 cohorts) 
used a method of repeated simultaneous bilateral 
blood-pressure measurements,14,16,37,39,45–47,49–53 and seven 
repeated sequential measurements.12–15,17,18,41 The rest used 
pairs of brachial blood-pressure measurements33,34,44,48 or 
methods that were unclear.35,36,38,40,42,43

From fi ve case series of patients with angiographically 
proven asymptomatic subclavian stenosis (defi ned as 
>50% occlusion for two studies,35,43 but not defi ned for the 
other three; 135 cases),39,40,44 we estimated mean blood 
pressure to be 36·9 mm Hg (95% CI 35·4–38·4) lower in 
the arm with stenosis than in the other. The diff erence 
was similar in two other studies that could not be pooled 
(41 mm Hg33 and 21 mm Hg36 ); one further study37 showed 
a mean intra-arterial pressure gradient of 28 mm Hg 
(95% CI 14·4–41·6) across stenoses of more than 75% in 
ten patients. A subgroup analysis showed no variation in 
the mean diff erence between studies with repeated 
simultaneous blood-pressure measurements and those 
with sequential single measurements (mean 33·5 mm Hg 
vs 37·1 mm Hg; mean diff erence 3·6 mm Hg, 95% CI 
–3·9 to 11·1, p>0·20).39

Investigators of three studies,34,38,42 all using a sequential 
method of measurement, recorded prevalence of 
subclavian stenosis at angiography and between-arm 
diff erences. We could pool two of these datasets (n=532), 
to give an RR of 8·8 (95% CI 3·6–21·2, p<0·0001) for 
subclavian stenosis of more than 50% occlusion at 
angiography and a diff erence of 10 mm Hg or 
more.34,42 English and colleagues34 analysed diff erences of 
20 mm Hg or higher in 458 patients to give an RR of 7·4 
(2·9–18·7, p<0·0001). Sensitivity was 65% (95% CI 
35–86) and specifi city 85% (82–88) for identifi cation of 
subclavian stenosis with a diff erence of 10 mm Hg or 
more; sensitivity was 35% (14–62) and specifi city 94% 
(92–96) with a diff erence of 20 mm Hg or higher. In 
Calligaro and co-workers’ investigation,42 sensitivity was 
75% (19–99) and specifi city 75% (58–88) for identifi cation 
of subclavian stenosis with a cutoff  of 10 mm Hg or 
higher. Osborn and colleagues38 reported that all four 
patients with a diff erence of 15 mm Hg or higher had a 
subclavian stenosis of more than 50% occlusion 
compared with none of 55 with a diff erence less than 
15 mm Hg.

Only one study reported coronary angiogram fi ndings 
and diff erences in SBP between arms.16 Disease of at least 
one coronary artery was identifi ed in 12 (63%) of 19 patients 
with diff erences of 15 mm Hg or more, compared with 
153 (58%) of 264 patients with diff erences of less than 
15 mm Hg (RR 1·1, 95% CI 0·8–1·6, p=0·64).

Seven non-invasive cohorts reported an association 
between a diff erence between arms and history of coronary 
artery disease. When we compared groups with and 
without a diff erence of 15 mm Hg or higher, the pooled RR 
across six studies16,18,41,47,50,51 showed no signifi cant association 
(fi gure 2). Subgroup analysis showed that method of 
measurement of blood-pressure diff erence (simultaneous 
vs non-simultaneous) had no eff ect on this association 
(fi gure 2). When we restricted analysis to the four 
community-recruited cohorts,18,47,50,51 the fi ndings did not 
change (data not shown). Investigators of four non-invasive 
studies estimated the association between a diff erence of 
10 mm Hg or more and coronary artery disease;41,47,50,51 when 
pooled, we noted little evidence for an association (fi gure 2). 
Other studies that could not be included in a meta-analysis 
did not show an association between a diff erence and 
ischaemic heart disease (data not shown).15,45,46 One 
angiographic study33 (n=228) showed an association 
between a diff erence in SBP between arms of 15 mm Hg 
or more and aortic arch disease (RR 3·7, 95% CI 2·6–11·2, 
p<0·0001) and carotid  stenosis (occlusion of more than 
80%; RR 3·0, 95% CI 1·9–4·9, p<0·0001).

Five cohorts (four non-invasive studies)18,33,50,51 reported 
prevalence of previous cerebrovascular accident or 
transient ischaemic attack (from clinical records). Pooled 
analysis showed a signifi cant association between 
cerebrovascular disease and diff erences of 15 mm Hg or 
more (fi gure 3). Pooled sensitivity was 8% (95% CI 2–26) 
and specifi city 93% (86–97). However, we noted no 
association when analysis was restricted to non-invasive 
studies using a simultaneous measurement method 
(fi gure 3).50,51 Data for a diff erence of 10 mm Hg or more 
were available from two studies (both using simultaneous 

Figure 1: Study selection

691 records identified
by database search

159 records identified
from personal archives
and citation lists

850 records screened
740 records excluded

on the basis of title
and abstract

82 full-text articles
excluded

6 reports not retrieved
65 no data relevant to

review
5 letters or editorials
3 commentaries
2 case reports
1 systematic review

8 reports not suitable
for meta-analysis

110 full-text articles
assessed for eligibility

28 studies included in
qualitative synthesis

20 studies included in
quantitative synthesis
(meta-analysis)
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measurement methods);50,51 we identifi ed no association 
between a diff erence of 10 mm Hg or more and 
cerebrovascular disease (fi gure 3).

We identifi ed no studies showing a diff erence in SBP 
between arms associated with angiographically proven 

peripheral vascular disease in the leg. However, nine 
non-invasive studies showed that a diff erence of 
15 mm Hg or more was linked with peripheral vascular 
disease in the leg, defi ned by direct measurement of 
ankle-brachial pressure index of less than 0·9 (fi ve 
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1·80 (0·83–3·93)

1·11 (0·61–2·01)

1·11 (0·61–2·01)

1·58 (0·84–2·98)

Difference ≥10 mm Hg
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Difference <10 mm Hg

Risk ratio (95% CI)
A
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Subtotal
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Test for overall effect: Z=0·65 (p=0·52)
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 0/4

 12/19

 1/4

 14/33

 3/3
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 28/145

 42/178

Difference ≥15 mm Hg

Events/total Weight
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Risk ratio (95% CI)
B
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 21/88

 20/99

 133/264

 97/361

 271/812

 35/73

 345/1140

 182/2830
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 833/4855

 3·7%

 1·8%

 28·4%

 4·2%

 38·1%

 25·2%

 28·1%

 8·6%

 61·9%

 100·0%

0·70 (0·11–4·34)

0·49 (0·03–6·96)

1·25 (0·87–1·80)

0·93 (0·17–5·12)

1·19 (0·84–1·69)

1·82 (1·17–2·83)

0·84 (0·58–1·21)

0·85 (0·28–2·57)

1·13 (0·55–2·31)

1·13 (0·78–1·63)

Figure 2: Risk ratios for pre-existing coronary artery disease with and without diff erences in systolic blood pressure between arms of 10 mm Hg or more (A) 
and 15 mm Hg or more (B)
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studies)16–18,48,51 or by history of peripheral vascular 
disease (four studies; fi gure 4).33,41,50,53 We noted little 
evidence that pooled RRs diff ered between studies that 
measured ankle-brachial pressure index (RR 2·7, 
95% CI 1·3–5·5),16–18,51 and those using history of 
peripheral vascular disease (RR 2·1, 95% CI 1·6–2·9; 
p=0·55).33,41,50,53 Similarly, we detected little evidence that 
pooled values diff ered between studies using 
simultaneous16,50,51,53 and sequential measurement 
methods17,18,33,41 (fi gure 4). Pooled RRs did not diff er 
signifi cantly for community-recruited (3·4, 95% CI 
2·0–6·0) and hospital-recruited (2·0, 1·0–2·9) cohorts 
(p=0·11). Pooled sensitivity for a diff erence of 15 mm Hg 
or more for peripheral vascular disease was 15% 
(95% CI 9–23) and specifi city 96% (94–98).

Pooled data from fi ve non-invasive studies with 
diff erences in SBP of 10 mm Hg or more41,48,50,51,53 showed 

a signifi cant association with peripheral vascular disease 
(fi gure 4). RRs did not diff er between community-based 
cohorts, which all used simultaneous measurements,50,51,53 
and hospital-based cohorts, which used non-simul-
taneous methods (fi gure 4).41,48 The RR was, however, 
higher for studies assessing peripheral vascular disease 
by ankle-brachial pressure index (RR 3·3, 95% CI 
2·1–5·2)48,51 than for those in which the disorder was 
defi ned by history alone (1·7, 1·3–2.7; p=0·02).41,50,53 
Pooled sensitivity of a diff erence of 10 mm Hg or higher 
for peripheral vascular disease was 32% (95% CI 23–41) 
and specifi city 91% (86–94).

One other study49 (which presented no numerical data 
that could be extracted) showed no signifi cant diff erence in 
prevalence of peripheral vascular disease between those 
with and those without a diff erence of 10 mm Hg or more. 
Another general-population study52 (n=1090; mean age 

Figure 3: Relative risk ratios for cerebrovascular disease with and without diff erences in systolic blood pressure of 10 mm Hg or more (A) and 15 mm Hg or 
more (B) between arms
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Figure 4: Relative risk ratios for peripheral vascular disease with and without diff erences in systolic blood pressure of 10 mm Hg or more (A) and 15 mm Hg or 
more (B) between arms
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62·4 years) not included in the meta-analysis (authors were 
contacted but we received no reply) showed that prevalence 
of a diff erence of more than 10 mm Hg was 9·1% (95% CI 
7·4–10·8), and that ankle-brachial pressure index and a 
diff erence in SBP were weakly negatively cor related 
(r=–0·23, p<0·001), which accords with other reports.16,51

Three studies showed associations between reduced 
survival and a diff erence between arms of 10 mm Hg or 
more,13 15 mm Hg or more,14 or both.12 In subgroup 
analysis, we noted weak evidence for a stronger 

association of all-cause mortality with a diff erence of 
15 mm Hg or more in cohorts recruited with a non-
simultaneous method of measurement than in studies 
in which simultaneous methods were used (fi gure 5). 
Two studies reported all-cause mortality for a diff erence 
of 10 mm Hg or higher with HRs of 1·3 (95% CI 1·0–1·6; 
131 deaths in 421 patients; p=0·02)13 and 3·3 (1·5–7·1; 
26 deaths in 247 patients; p=0·003),12 but the pooled HR 
was 1·9 (95% CI 0·8–4·7, p=0·17). Both studies used a 
non-simultaneous measurement method.

Figure 5: Pooled hazard ratios for all-cause (A) and cardiovascular (B) mortality from prospective cohort studies with between-arm diff erence in systolic 
blood pressure of 15 mm Hg or more
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For cardiovascular-related mortality, the pooled HR 
from four cohorts (two studies)12,14 showed a signifi cant 
association with a diff erence of 15 mm Hg or more, with 
little evidence of a diff erence according to method of 
measurement (fi gure 5). Only one12 reported an HR for 
cardiovascular mortality with a diff erence of 10 mm Hg or 
more, providing weak evidence of an association (HR 2·8, 
95% CI 0·9–9·2, p=0·09; 11 deaths in 247 patients).

Discussion
A diff erence in SBP of 10 mm Hg or higher or 15 mm Hg 
or more between arms is associated with peripheral 
vascular disease with low sensitivity but high specifi city. 
This fi nding is consistent for diff erent methods of 
measurement or diagnosis for both community-recruited 
and hospital-recruited cohorts. A diff erence of 15 mm Hg 
or more is also associated with the presence of 
cerebrovascular disease. Data from prospective studies 
showed that a diff erence of 15 mm Hg or more is associated 
with increased all-cause and cardiovascular mortality. 

Although our search was not restricted by language, no 
translation services were available. Data were extracted 
from non-English studies but some data could have been 
missed. We had insuffi  cient studies for funnel-plot 
assessment of any outcome, and therefore we are unable 
to establish the eff ect of small study or publication bias on 
our fi ndings.54 Most researchers recruited patients with 
heightened cardiovascular risk compared with the general 
population—eg, those undergoing angiography for clinical 
reasons; only nine studies12,15,17,18,49–53 used unselected 
community or primary-care cohorts. These cohorts 
consisted of people with either diabetes or hypertension, 
and results should be interpreted in this context. Subgroup 
analyses, however, indicated little diff erence in association 
with diff erence in SBP between these cohorts.

One meta-analysis showed that prevalence of a diff erence 
in SBP of 10 mm Hg or more between arms is roughly 
doubled when diagnosis is based on one pair of 
measurements, uses a sequential approach, or uses manual 
rather than automated measurements.27 Only 12 of 
28 studies in this review used the gold-standard method of 
repeated simultaneous measure ments,14,16,37,39,45–47,49–53 so 
accuracy of patient classifi cation in the other studies 
cannot be assumed. Subgroup analyses, however, indicated 
little diff erence between the two methods of assessment. 
Diastolic pressures can also diff er,22 but only three studies 
meeting the inclusion criteria reported data for diastolic 
blood pressure and so no analyses were done.41,47,51

Reduced ankle-brachial pressure indices are strongly 
correlated with angiographic evidence of large-vessel 
disease in the leg.2,55 Prevalence of large-vessel arterial 
disease in white Americans (mean age 66 years) is 
11·7%,7 and is grossly underestimated by assessment of 
claudication symp toms.56,57 Several studies included in 
our report have shown either independent and 
signifi cant associations of a diff erence with reduced 
ankle-brachial pressure, or negative correlations of 

magnitude of between-arm diff erence with ankle-
brachial pressure. Our fi ndings strengthen the 
hypothesis that a diff erence is due to peripheral vascular 
disease, and thus might represent a sign of clinical 
importance;58 the association of a diff erence of 15 mm Hg 
or more with angiographic evidence of carotid or aortic 
arch disease further supports this notion.33

Consistency of RRs for diff erent methods of 
measurement of diff erences in SBP between arms is 
surprising in view of the eff ect of measurement on 
prevalence.22,27 One sequential measurement can exclude 
patients without a true between-arm diff erence,28 but the 
trend towards an increased RR in survival studies not 
using a simultaneous measurement method suggests 
that bias is possible if a gold-standard assessment 
technique is not used. Future epidemiological studies of 
between-arm diff erence should use a repeated 
simultaneous measurement method.27

Although asymptomatic peripheral vascular disease is 
common in patients with coronary artery disease,59 we 
did not identify an association of coronary artery disease 
with a diff erence in SBP. However, we did record an 
association between increased cardiovascular and all-
cause mortality, suggesting that a diff erence does indicate 
a raised cardiovascular risk in a similar way to reduced 
ankle-brachial pressure index.1

Early identifi cation of peripheral vascular disease 
allows interventions to be given and might improve 
outcomes. Screening in primary care is feasible but not 
widespread.60 Overall prevalence of the disorder in our 
analyses was 12–15%. These fi gures are similar to 
published estimates of community prevalence, implying 
that these fi ndings could be generalised.7,61,62 The high 
specifi cities reported here suggest that detection of a 
diff erence might be useful in assessments designed to 
identify the disorder in patients at highest risk. 
Prevalences for a diff erence in community-based cohorts 
in our review suggest that less than 5% of patients would 
need such assessment if a cutoff  of 15 mm Hg was 
adopted. The increased mortality with this cutoff  would 
support such an intervention.

Three prospective studies reported increased mortality 
with a diff erence in SBP. The cohorts in these studies 
were recruited from vascular and renal clinics13,14 or were 
primary-care patients with hypertension.12 Only one 
cohort could be regarded as representative of a wider 
population.14 Therefore this review suggests that a 
diff erence is an independent predictor of cardiovascular 
events and death in populations at high baseline 
cardiovascular risk, but this cannot be generalised to 
patients without cardiovascular risk factors.

Subclavian steal syndrome due to subclavian stenosis is 
usually associated with a diff erence in SBP of 10 mm Hg 
or higher between arms.63 Detection is important when 
patients are assessed for coronary artery bypass graft to 
avoid angina due to coronary-subclavian steal phenomenon 
when the internal mammary artery is used. Minor 
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Do diff erences in blood pressure between arms matter?
In The Lancet, Christopher Clark and colleagues1 present 
data from a systematic review and meta-analysis 
assessing the available evidence linking diff erences in 
blood pressure between arms with both central and 
peripheral vascular disease. They establish that systolic 
diff erences of at least 15 mm Hg are associated with 
an increased risk of peripheral vascular disease (relative 
risk 2·5, 95% CI 1·6–3·8) and report weaker but signifi cant 
associations with cerebrovascular disease and mortality. 
When subclavian stenoses are angiographically proven, 
Clark and co-workers estimate that the mean diff erence 
in blood pressure between arms is 36·9 mm Hg 
(95% CI 35·4–38·4), and rates of subclavian stenosis are 
high when diff erences are present. 

National and international hypertension guidelines 
have recommended measurement of blood pressure 
in both arms for some years, but the justifi cation 
has been poor and subsequent adoption in primary 
care negligible.2–4 The main reason for these recom-
mendations has been reduction of measurement error, 
although the European Society of Hypertension and 
European Society of Cardiology guidelines5 refer to 
diff erences between arms as a sign of peripheral vascular 
disease. Key issues are how to measure such diff erences, 
which measurement of blood pressure to use, and what 
to do when a diff erence is detected.

Method of measurement is important because the 
prevalence of a diff erence more than doubles with 
sequential measurement (one arm then the other) 
compared with simultaneous measurement of both 
arms with two sphygmomanometers or specialised 
machines.6 Preliminary data suggest that the signifi cant 
diff erences recorded with sequential measurement 
are due to the so-called white-coat eff ect.7 Few family 
doctors will have two sphygmomanometers in their 
clinic rooms, but a spare model of the accurate digital 
monitors now in common use could easily be available.8 
The alternative, historically, has been for measurement 
to depend on the side of the desk a patient sits and 
hence which arm is nearer to the physician. Clark and 
co-workers1 suggest that variation caused by method of 
measurement is no longer acceptable.

In view of the association with vascular disease, 
guideline recommendations to use the highest blood 
pressure seem appropriate.2,3 No studies of peripheral 

vascular disease included a reference standard that used 
defi nitive diagnosis rather than reduced ankle-brachial 
pressure index. Therefore, although an asymptomatic 
diff erence might prompt checking of this index, no 
fi ndings suggest what to do afterwards. Clark and 
colleagues’ data1 for increased cardiovascular mortality 
in the presence of a diff erence suggest that treatment 
with lipid-lowering and antiplatelet drugs could be 
indicated after detection of a diff erence, but such an 
approach has not been tested in randomised trials.

However, not all studies in Clark and colleagues’ 
review1 used the simultaneous measurement method 
and most included patients known or thought to be 
at increased cardiovascular risk. Therefore, how useful 
bilateral measurements of blood pressure are in people 
with essential hypertension and no additional risk 
factors is unclear. Many studies in the review were 
cross-sectional, so whether diff erences in systolic blood 
pressure are predictive of future disease or a marker of 
existing disease is impossible to establish. Although 
the three cohort studies included in the review did 
show that diff erences in systolic blood pressure were 
associated with increased cardiovascular mortality, 
the eff ect size (hazard ratio 1·7, 95% CI 1·1–2·5) is of 
a magnitude that does not exclude the possibility of 
residual confounding.1

This report has several implications. First, the high 
specifi city (96%) of the association between a diff erence 
in systolic blood pressure between arms of more than 

Published Online
January 30, 2012
DOI:10.1016/S0140-
6736(11)61926-0

See Online/Articles
DOI:10.1016/S0140-
6736(11)61710-8

Sc
ie

nc
e 

Ph
ot

o 
Li

br
ar

y 



Comment

2 www.thelancet.com   Published online January 30, 2012   DOI:10.1016/S0140-6736(11)61926-0

15 mm Hg and peripheral vascular disease justifi es use 
of this measure as a sign of disease. Second, the low 
sensitivity (15%) shows that measurement of diff erences 
is of little value as a screening test for peripheral vascular 
disease, and ankle-brachial pressure indices will still be 
necessary for diagnosis. Third, the high prevalence of 
diff erences in some of the studies (eg, 7% of participants 
had an inter-arm diff erence of 15 mm Hg or higher in 
one community-dwelling cohort)9 suggests that many 
people with hypertension will be missed when blood 
pressure is measured in only one arm. Further research 
is needed to clarify whether substantial diff erences 
between arms should prompt aggressive management of 
cardiovascular risk factors. Overall, Clark and colleagues’ 
systematic review and meta-analysis1 supports existing 
guidelines stating that blood pressure should be 
measured in both arms. Ascertainment of diff erences 
should become part of routine care, as opposed to a 
guideline recommendation that is mostly ignored.
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