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IMPORTANCE Clinical practice guidelines recommend selecting an appropriately sized cuff
based on mid-arm circumference prior to measuring blood pressure (BP). To our knowledge,
the effect of miscuffing on BP measurement when using an automated BP device has not
been quantified.

OBJECTIVE To determine the effect of using a regular BP cuff vs an appropriately sized BP cuff
on automated BP readings.

DESIGN, SETTING, AND PARTICIPANTS This randomized crossover trial of community-dwelling
adults with a wide range of mid-arm circumferences took place between March 16 and
October 25, 2021, in Baltimore, Maryland. Participants were recruited via BP screening events
at a public food market and a senior housing facility, targeted mailings to prior research
participants, placement of study brochures in hypertension clinics at Johns Hopkins
University, and referrals from physicians providing hypertension care to adults.

INTERVENTIONS Participants underwent 4 sets of triplicate BP measurements, with the initial
3 sets using an appropriate, too-small, or too-large BP cuff in random order; the fourth set of
triplicate measurements was always completed with an appropriate BP cuff.

MAIN OUTCOMES AND MEASURES The primary outcome was the difference in mean BP when
measured with a regular BP cuff compared with an appropriate BP cuff. The secondary
outcome was the difference in BP when using too-small or too-large BP cuffs vs an
appropriate BP cuff across all cuff sizes. Results were also stratified by systolic BP (�130 mm
Hg vs <130 mm Hg) and body mass index (calculated as weight in kilograms divided by height
in meters squared; �30 vs <30).

RESULTS A total of 195 adults (mean [SD] age, 54 [16] years; 67 [34%] male; 132 [68%] Black;
100 [51%] with hypertension) were randomized for inclusion. Among individuals requiring
a small BP cuff, use of a regular BP cuff resulted in a statistically significant lower BP reading
(mean systolic BP difference, −3.6 [95% CI, −5.6 to −1.7] mm Hg). In contrast, among
individuals requiring a large or extra-large BP cuff, use of a regular BP cuff resulted in a
statistically significant higher BP reading (mean systolic BP difference, 4.8 [95% CI, 3.0-6.6]
mm Hg and 19.5 [95% CI, 16.1-22.9] mm Hg, respectively). For the secondary outcome, BP
differences with overcuffing and undercuffing by 1 and 2 cuff sizes were greater among those
requiring larger BP cuffs. The results were consistent in stratified analyses by systolic BP and
body mass index.

CONCLUSIONS AND RELEVANCE In this randomized crossover trial, miscuffing resulted in
strikingly inaccurate BP measurements. This is particularly concerning for settings where
1 regular BP cuff size is routinely used in all individuals, regardless of arm size. A renewed
emphasis on individualized BP cuff selection is warranted.
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H ypertension is the leading cause of cardiovascular dis-
ease worldwide.1 Accurate measurement of blood pres-
sure (BP) is used to screen for hypertension and to

diagnose and treat hypertension. Although there are several
preparatory and positioning steps required for accurate BP
measurement,2,3 individualized selection of appropriate cuff
size is often overlooked, despite clinical practice guidelines.
Barriers to adherence to this recommendation often relate to
time and resource constraints and include insufficient staff and
training, time pressures, and lack of cuffs with different sizes.4

Accordingly, a regular adult BP cuff is often used routinely for
all individuals. While higher or lower BP readings with too-
small or too-large BP cuffs have been described in previous
studies using BP devices that rely on auscultation,5-12 this is-
sue has not been rigorously studied with automated oscillo-
metric BP devices, which estimate BP by a fundamentally dif-
ferent technique than auscultatory devices. The few studies
that examined the influence of miscuffing when using an au-
tomated oscillometric BP device have been limited by their ob-
servational study design and selected settings (intensive care
unit,13 home14,15). Currently, automated oscillometric BP de-
vices are strongly recommended in clinical guidelines across
the globe, including the 2017 adult hypertension guideline.16,17

In this context, we conducted a randomized crossover trial
to determine the effects of using a regular adult BP cuff vs a
BP cuff that is appropriately sized for an individual’s mea-
sured mid-arm circumference on automated BP readings. We
also aimed to more broadly describe the effect of overcuffing
and undercuffing on BP readings across multiple BP cuff sizes.
We hypothesized that, compared with BP measurements ob-
tained using an appropriately sized BP cuff, using a too-large
BP cuff (overcuffing) would result in lower BP readings and
using a too-small BP cuff (undercuffing) would result in higher
BP readings.

Methods
Study Overview
We conducted a randomized crossover trial of community-
dwelling adults who were 18 years and older in Baltimore,
Maryland. Between March 16 and October 25, 2021, we re-
cruited participants via (1) BP screening events at a public food
market frequented by community members and at a senior
housing facility, both located in close proximity to Johns Hop-
kins University School of Medicine; (2) targeted mailings to
prior research participants at the ProHealth Research Center
located in Woodlawn, Maryland; (3) placement of study bro-
chures in hypertension clinics at Johns Hopkins University;
and (4) referrals from physicians providing hypertension care
to adults. A research goal was set to enroll at least 35 partici-
pants into each of 4 appropriate cuff sizes: small, regular, large,
or extra large. A second goal was to enrich the number of par-
ticipants with hypertensive blood pressure, initially defined
as a systolic blood pressure (SBP) of 140 mm Hg or higher but
later updated to 130 mm Hg or higher to be in line with pre-
vailing US hypertension guidelines. Exclusion criteria were the
presence of any of the following conditions: rashes, gauze

dressings, casts, edema, paralysis, tubes, open sores or wounds,
or arteriovenous shunts on both arms; lacking capacity to con-
sent; pregnancy; and arm circumference exceeding 55 cm.

The study was approved by the institutional review board
at Johns Hopkins School of Medicine, and the protocol is avail-
able in Supplement 1. All participants provided written in-
formed consent. This study was reported according to the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines.

Randomization Procedure
Using the REDCap randomization module (https://www.
project-redcap.org/), participants were randomized to the order
of BP cuff application (appropriate, too small, too large), with
randomization stratified based on appropriate cuff size
(eTable 1 in Supplement 2). Participants underwent a total
of 4 sets of triplicate BP measurements, with the initial 3
sets in random order and the fourth set always a repeat of
measurements obtained using an appropriately sized BP cuff.
The fourth set of BP measurements was used in sensitivity
analyses to determine the reproducibility of the reference
measurement using an appropriate BP cuff for each participant.
All participants had at least 1 set of BP measurements with the
regular cuff, which could have been too small, appropriate, or
too large, according to their arm circumference.

Individualized BP Cuff Size Determination
Each participant had their mid-upper arm circumference mea-
sured in a standard fashion by research staff who were trained
and certified in this measurement procedure. The distance from
the acromion to the olecranon was determined with measur-
ing tape while the participant held their arm at a 90° angle. This
distance was divided in half to determine the midpoint, where
the circumference was then measured using Gulick tape. The
appropriate BP cuff was determined based on this measure-
ment according to the manufacturer instructions and avail-
able BP cuff sizes for adults in the US market: (1) small BP
cuff (20-25 cm), (2) regular BP cuff (25.1-32 cm), (3) large
BP cuff (32.1-40 cm), or (4) extra-large BP cuff (40.1-55 cm).

Key Points
Question What is the effect of using a regular size blood pressure
(BP) cuff regardless of an individual’s mid-upper arm
circumference on BP readings when using an automated device?

Findings In this randomized crossover trial of 195
community-dwelling adults with a wide range of mid-arm
circumferences, use of a regular BP cuff resulted in a 3.6–mm Hg
lower systolic BP reading among individuals requiring a small BP
cuff. In contrast, among individuals requiring a large or extra-large
BP cuff, use of a regular BP cuff resulted in 4.8–mm Hg and
19.5–mm Hg higher systolic BP readings, respectively.

Meaning Using a regular BP cuff size for all individuals regardless
of arm size resulted in strikingly inaccurate BP readings with an
automated device; a renewed emphasis on individualized BP
cuff selection is warranted, particularly in individuals with larger
arm sizes.
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BP Measurement Procedure
All BP measurements were obtained by 2 research staff mem-
bers who underwent standardized training and successfully
completed measurement certification testing by the same in-
dividual (J.C.) prior to trial start. The BP measurements were
obtained between 9 AM and 6 PM using an automated, vali-
dated, oscillometric device (ProBP 2000 Digital Blood Pres-
sure Device [Welch Allyn]). For uniformity, the right arm was
selected for all measurements unless there was a compelling
reason to use the left arm (eg, open sore). After consent was
obtained, participants were asked to empty their bladder.
Prior to each set of BP measurements, participants walked
for 2 minutes until arriving at the BP measurement station; the
2-minute walk replicated a common clinical setting in which
BP is measured. After ensuring proper cuff placement, 3 se-
quential BP measurements, 30 seconds apart (1 set), were ob-
tained after a rest period of 5 minutes. During this time, par-
ticipants were seated with their back, feet, and arm supported
with arm positioned to ensure that the middle of the cuff was
at heart level. At the completion of the 3 sequential measure-
ments, the BP cuff was removed, and the participant walked
for 2 minutes until returning to the BP measurement station
for a second set of triplicate BP measurements after 5 min-
utes of rest in the same manner. This was repeated until each
participant completed 4 sets of triplicate BP measurements
(total of 12 BP measurements). Research staff were present for
all measurements, which were obtained in a quiet, private
room. Participants were asked not to speak to the research staff
or use a smartphone during the measurements or for any of
the preceding 5-minute rest periods.

Outcomes
The primary outcome was the difference in the mean SBP and
diastolic BP (DBP) obtained with a regular BP cuff compared
with an appropriate BP cuff. The secondary outcome was the
difference in the mean SBP and DBP using too-small or too-
large BP cuffs compared with an appropriate BP cuff across
all cuff sizes.

Demographics, Clinical History, and Anthropometry
Research staff obtained self-reported age, sex, race and eth-
nicity, and medical history (ie, prior diagnosis of hyperten-
sion, diabetes, chronic kidney disease, or myocardial infarc-
tion and antihypertensive medication use) from all participants.
Self-reported body weight in kilograms divided by self-
reported height in meters squared was used to estimate body
mass index (BMI).

Statistical Analysis
For the primary analysis, we calculated the difference in SBP
and DBP by subtracting the mean triplicate BP measure-
ments obtained using an appropriate BP cuff from the mean
triplicate BP measurements obtained using a regular BP cuff.
As for the secondary analysis, for each cuff size combination,
we calculated the difference in SBP and DBP by subtracting
the mean triplicate BP measurements obtained using an ap-
propriate BP cuff from the mean triplicate BP measurements
obtained using a too-small or too-large BP cuff. The 95% CIs

were estimated using the standard errors of the BPs from
the appropriate BP cuff and too-small or too-large BP cuff.
For these analyses, the first set of triplicate measurements
obtained using an appropriately sized cuff were used as the
reference measurement.

Several sensitivity analyses were performed. First, we re-
peated the analyses in strata defined by SBP (≥130 mm Hg vs
<130 mm Hg) and BMI (≥30 vs <30). Second, recognizing the
inherent variability in BP, we determined how the difference
in BP between 2 sets of BPs measured with an appropriate cuff
(appropriate cuff BP No. 2 [the mean of the fourth set of trip-
licate BP measurements] minus appropriate cuff BP No. 1) was
different from the difference in BP between the too-large or
too-small cuff BP measurement and the reference BP (too-
large or too-small BP cuff minus appropriate cuff BP No. 1). Fi-
nally, we repeated the analysis using just the first BP reading,
instead of the mean triplicate BP readings, because BP is
often measured only once during a clinic visit.

A 2-sided P < .05 was considered statistically significant. All
analyses were performed using Stata, version 15 (StataCorp).

Results
Patient Demographics
A total of 195 eligible participants were randomized (Figure 1).
Their mean (SD) age was 54 (16) years, 67 (34%) were male, 132
(68%) were Black, 100 (51%) had hypertension, 39 (20%) had
diabetes, and the mean (SD) BMI was 28.8 (8.1) (Table 1). Based
on measured mid-arm circumference, a small BP cuff (20-25
cm) was appropriate for 35 participants, a regular BP cuff
(25.1-32 cm) was appropriate for 54 participants, a large BP
cuff (32.1-40 cm) was appropriate for 66 participants, and an
extra-large BP cuff (40.1-55 cm) was appropriate for 40 par-
ticipants. At baseline, stratified by appropriate BP cuff size,
mean SBPs were 119.6 mm Hg for participants with small arm
circumference, 120.9 mm Hg for those with regular arm cir-
cumference, 122.7 mm Hg for those with large arm circumfer-
ence, and 124.5 mm Hg for those with extra-large arm circum-
ference; the corresponding mean DBPs were 71.5, 72.8, 75.7,
and 79.3 mm Hg, respectively (Table 2).

Primary Outcome: BP Differences Using a Regular Adult
BP Cuff Regardless of Appropriate BP Cuff Size
Figure 2 and Table 2 show the differences in BP obtained with
a regular BP cuff compared with an appropriate BP cuff. When
a small BP cuff was appropriate, regular BP cuff (1 size too large)
measurements resulted in lower SBP with a mean SBP differ-
ence (regular minus appropriate) of −3.6 (95% CI, −5.6 to −1.7)
mm Hg (Figure 2A). In contrast, when a large BP cuff was
appropriate, regular BP cuff (1 size too small) measurements
resulted in higher SBP with a mean difference of 4.8 (95% CI,
3.0-6.6) mm Hg. When an appropriate BP cuff was extra
large, regular cuff (2 sizes too small) measurements resulted
in higher SBP with a mean SBP difference of 19.5 (95% CI, 16.1-
22.9) mm Hg (Table 2).

These findings were consistent, albeit to a lesser degree,
for DBP: the DBP differences were −1.3 (95% CI, −2.4 to −0.2),
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1.8 (95% CI, 1.1-2.6), and 7.4 (95% CI, 5.7-9.1) mm Hg when a
regular BP cuff was 1 size too large, 1 size too small, and 2 sizes
too small, respectively (Figure 2B and Table 2). These find-
ings were consistent when the first BP reading was used in-
stead of the average of triplicate BP measurements (eTable 2
in Supplement 2), when participants were stratified by SBP and
DBP (eTable 3 in Supplement 2) or BMI (eTable 4 in Supple-
ment 2), and when intrameasurement BP variability was ac-
counted for using the second set of readings with the appro-
priate BP cuff (eTable 5 in Supplement 2).

Secondary Outcome: BP Differences Using Too-Small
or Too-Large BP Cuffs Across Cuff Sizes
Next, the difference in BP obtained with too-small or too-
large BP cuffs was quantified compared with an appropri-
ately BP cuff (Figure 3 and eTable 6 in Supplement 2). Among
those requiring a small BP cuff or an extra-large BP cuff, the
magnitude of BP difference was greater when the BP cuff was
2 sizes different compared with 1 size different. For example,
for those requiring an extra-large BP cuff, the SBP difference
was 9.6 (95% CI, 7.3-11.9) mm Hg when a large BP cuff was used
(1 size too small) and 19.5 (95% CI, 16.1-22.9) mm Hg when a
regular BP was used (2 sizes too small) (Figure 3A).

The magnitude of these BP differences increased incremen-
tally as the appropriate cuff size progressed from the regular BP
cuff to the extra-large BP cuff. For example, a 1-size-too-small
cuff resulted in higher SBP by 3.0 (95% CI, 0.9-5.2) mm Hg when
the regular BP cuff was appropriate (ie, a small BP cuff was used
when the regular BP cuff was appropriate) and by 9.6 (95% CI,
7.3-11.9) mm Hg when an extra-large BP cuff was appropriate
(ie, a large BP cuff was used when the extra-large cuff was ap-
propriate) (Figure 3A). These findings were consistent for (1) DBP
(Figure 3B); (2) when the first BP reading was compared in-
stead of the average of triplicate BP measurements (eTable 7 in
Supplement 2); (3) when participants were stratified by SBP
(eTable 8 in Supplement 2) or BMI (eTable 9 in Supplement 2),
although sample sizes were limited for those with hyperten-
sive SBP or those with obesity in the small BP cuff group; and
(4) when intraindividual BP measurement variability was ac-
counted for (eTable 10 in Supplement 2).

Discussion

In this randomized crossover trial of community-dwelling
adults using an automated BP device, BP readings obtained
with a regular BP cuff instead of an appropriately sized cuff
resulted in strikingly inaccurate BP measurements. Specifi-
cally, measurements obtained when the regular BP cuff was
too large or too small resulted in clinically and statistically sig-
nificant lower and higher BP readings, respectively. This ef-
fect was consistent across other appropriate cuff sizes, with

Table 1. Participant Characteristics (N = 195)

Characteristic No. (%)

Age, mean (SD), y 54 (16)

Sex

Female 128 (66)

Male 67 (34)

Race and ethnicity

Black 132 (68)

Hispanic 5 (3)

White 58 (30)

Medical history

Hypertension 100 (51)

Antihypertensive medication use 95 (49)

Diabetes 39 (20)

Chronic kidney disease 4 (2)

Myocardial infarction 4 (2)

BMI, mean (SD)a 28.8 (8.1)

Arm circumference, mean (SD), cm 34 (7.2)

Appropriate BP cuff size

Small 35 (18)

Regular 54 (28)

Large 66 (34)

Extra large 40 (21)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); BP, blood pressure.
a Based on self-reported weight and height.

Figure 1. CONSORT Diagram

195 Participants agreed to participate
and provided informed consent

35 Small BP cuff 54 Regular BP cuff 66 Large BP cuff 40 Extra-large BP cuff

35 Included in analysis 54 Included in analysis 65 Included in analysis 40 Included in analysis

1 Did not complete
BP measurements

195 Randomized to the order
of BP cuff application by
appropriate BP cuff size

Participants were randomized to the
order of blood pressure (BP) cuff
application (appropriate, too small,
too large), with randomization
stratified based on appropriate cuff
size (eTable 1 in Supplement 2).

Research Original Investigation Effects of Cuff Size on the Accuracy of Blood Pressure Readings

E4 JAMA Internal Medicine Published online August 7, 2023 (Reprinted) jamainternalmedicine.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Ben Gurion Univ of the Negev User  on 09/21/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.3264?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.3264


the magnitude of difference greater when larger BP cuff sizes
were appropriate for participants’ mid-arm circumference. This
effect was seen even when using a typical approach of using
the first BP measurement obtained instead of the average of
triplicate measurements, or when accounting for intraindi-
vidual BP measurement variability.

The 2017 adult hypertension guideline recommenda-
tions endorse automated BP measurements for hypertension
screening, diagnosis, and management.16,17 Accordingly,
automated BP devices are predominantly used in most clin-
ics and for home BP monitoring. Nonetheless, the rationale
for a recommendation of using appropriate BP cuff size in
these guidelines was based on studies using auscultatory BP
measurements5-12: Fonseca-Reyes et al reported that among
those who required a large or extra-large BP cuff, a regular BP
cuff overestimated SBP by 2 to 5 mm Hg with every 5-cm in-
crease in arm circumference.11 Little data exist as to the effect

of miscuffing when using an automated oscillometric BP de-
vice with the exception of a few studies, all nonclinical trials,
that assessed BPs during an intensive care unit stay13 or with
home BP monitoring.14,15 The type of BP device studied is an
important consideration. The oscillometric technique that the
majority of automated devices use for BP estimation is not de-
pendent on the same cuff proportions required for ausculta-
tion; thus, one cannot extrapolate the effect of cuff size on
automated BP measurement from studies using manual
auscultation.

Published studies have demonstrated that individual-
ized cuff selection does not commonly occur in clinic set-
tings. Observation of BP measurement by medical students
revealed that only 74% chose the appropriate cuff for
measurements.18 Observation of medical staff at an academic
health science center showed that no encounter included
measurement of the mid-arm circumference to determine

Table 2. Mean Difference in BP When a Regular BP Cuff Was Used Regardless of Appropriate BP Cuff Size

Cuff size

Mean (SD), mm Hga
BP cuff size used
relative to appropriate
BP cuff size

BP difference
(95% CI), mm Hg

P value for
difference

BP with appropriate
BP cuff

BP with regular
BP cuff

Systolic BP

Small (n = 35) 119.6 (23.5) 116.0 (23.4) 1 Size too large −3.6 (−5.6 to −1.7) <.001

Regular (n = 54) 120.9 (21.4) 120.9 (21.4) Correct cuff size 0 [Reference] NA

Large (n = 65) 122.7 (14.7) 127.5 (14.9) 1 Size too small 4.8 (3.0 to 6.6) <.001

Extra large (n = 40) 124.5 (21.8) 144.0 (22.4) 2 Sizes too small 19.5 (16.1 to 22.9) <.001

Diastolic BP

Small (n = 35) 71.5 (10.4) 70.2 (10.5) 1 Size too large −1.3 (−2.4 to −0.2) .02

Regular (n = 54) 72.8 (11.5) 72.8 (11.5) Correct cuff size 0 [Reference] NA

Large (n = 65) 75.7 (7.0) 77.6 (7.7) 1 Size too small 1.8 (1.1 to 2.6) <.001

Extra large (n = 40) 79.3 (12.2) 86.7 (14.2) 2 Sizes too small 7.4 (5.7 to 9.1) <.001

Abbreviations: BP, blood pressure; NA, not applicable.
a BPs were based on the average of triplicate BP readings.

Figure 2. Mean BP Difference When an Appropriately Sized BP Cuff Was Used vs a Regular BP Cuff Size

Systolic BP differencesA

BP cuff
Regular cuff 1 size too large

Difference in
systolic BP,
mm Hg (95% CI)

Regular cuff appropriately sized
Regular cuff 1 size too small
Regular cuff 2 sizes too small

–3.6 (–5.6 to –1.7)
0 [Reference]
4.8 (3.0 to 6.6)
19.5 (16.1 to 22.9)

–25 –10 25–15 –5 0 5 10 15 20
Difference in systolic BP, mm Hg (95% CI)

–20

Underestimate BP Overestimate BP

–25 –10 25–15 –5 0 5 10 15 20
Difference in diastolic BP, mm Hg (95% CI)

–20

Underestimate BP Overestimate BP

Diastolic BP differencesB

BP cuff
Regular cuff 1 size too large

Difference in
diastolic BP,
mm Hg (95% CI)

Regular cuff appropriately sized
Regular cuff 1 size too small
Regular cuff 2 sizes too small

–1.3 (–2.4 to –0.2)
0 [Reference]
1.8 (1.1 to 2.6)
7.4 (5.7 to 9.1)

Blood pressures (BPs) were based on
the average of triplicate BP readings.
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cuff size.19 Observations of a medical clinic in Tanzania and
in Brazil revealed that only 1 cuff size was available for use
in all patients.20,21 While the BP device companies may help
to limit this problem by having arm circumference range
indicators on individual cuffs to guide appropriate cuff size
selection for individual measurements, it is not known how
often these are used by clinicians or patients. Knowing this,
we designed the present trial to not just determine the over-
all effect of miscuffing on BP readings, but to also determine
the effect of using 1 cuff size—a regular adult cuff—for all
participants.

Interestingly, the magnitude of measurement error in-
creased with increasing cuff size. For example, BP was ap-
proximately 3 mm Hg higher when a small BP cuff was used
for those requiring a regular BP cuff but was approximately
10 mm Hg higher when a large BP cuff was used for those re-
quiring an extra-large BP cuff. Underlying reasons are uncer-
tain but may be related to the algorithms used to estimate BP
from brachial arterial oscillations. It could also be related to
cuff fit, with many individuals who require an extra-large BP

cuff having arms with a conicotruncal shape.22 Regardless of
cause, the potential clinical effect among those requiring larger
cuff sizes includes overdiagnosis of not just hypertension, but
also stage 2 hypertension. The mean BP in those requiring an
extra-large cuff based on measured mid-arm circumference
was 144/87 mm Hg when a regular BP cuff was used, which is
in the stage 2 hypertension range in the US, whereas the mean
BP when using an appropriately sized cuff was 125/79 mm Hg,
a reading in the elevated BP range. With misdiagnosis to this
degree comes additional, likely unnecessary, clinical testing
(laboratory and imaging) and treatment, leading to increased
cost, psychosocial harm, and risk for adverse events.23

Strengths and Limitations
This study has limitations. First, the subgroup analyses had
insufficient sample size in some cuff groups, such as individu-
als with hypertensive BP or obesity in the small BP cuff group,
although such scenarios are extremely rare. Also, whether these
findings hold true across the range of BMI should be con-
firmed in future studies, since BMI was self-reported. For ex-

Figure 3. Mean Difference in BP When a Too-Small or Too-Large BP Cuff Was Used vs an Appropriately Sized BP
Cuff, Stratified by Appropriate BP Cuff Size

Systolic BP differencesA

Appropriate BP
cuff size
Small size

Difference in
systolic BP,
mm Hg (95% CI)

Large used
Regular used

–7.5 (–9.6 to –5.5)
–3.6 (–5.6 to –1.7)

–25 –10 25–15 –5 0 5 10 15 20
Difference in systolic BP, mm Hg (95% CI)

–20

Underestimate BP Overestimate BP

Regular size
Large used
Small used

–4.6 (–6.6 to –2.6)
3.0 (0.9 to 5.2)

Large size
Extra large used
Regular used

–8.3 (–10.4 to –6.2)
4.8 (3.0 to 6.6)

Extra-large size
Large used
Regular used

9.6 (7.3 to 11.9)
19.5 (16.1 to 22.9)

Diastolic BP differencesB

Appropriate BP
cuff size
Small size

Difference in
diastolic BP,
mm Hg (95% CI)

Large used
Regular used

–1.9 (–3.1 to –0.7)
–1.3 (–2.4 to –0.2)

–25 –10 25–15 –5 0 5 10 15 20
Difference in diastolic BP, mm Hg (95% CI)

–20

Underestimate BP Overestimate BP

Regular size
Large used
Small used

–1.7 (–2.7 to –0.7)
0.7 (–0.4 to 1.7)

Large size
Extra large used
Regular used

–3.1 (–3.9 to –2.3)
1.8 (1.1 to 2.6)

Extra-large size
Large used
Regular used

4.3 (3.3 to 5.4)
7.4 (5.7 to 9.1)

This analysis determined the effect
of using too-small or too-large blood
pressure (BP) cuffs across multiple
BP cuff sizes on readings. Blood
pressures were based on the average
of triplicate BP readings.
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ample, previous studies have suggested greater intraindi-
vidual BP variabilities in individuals with lower BMI.24,25

Second, the magnitude and direction of BP differences were
heterogeneous across individuals, even though we reported
statistically significant average BP differences. The applica-
tion of these findings to respective individuals needs to be
made with caution. For example, a simple calibration would
not solve the problem for everyone. Third, BPs were mea-
sured by trained research staff according to a rigorous proto-
col, thus the degree of bias due to miscuffing may be even larger
in a real-world setting, such as community-based hyperten-
sion screening sites. Finally, these findings should be inter-
preted with caution for those with extreme arm circumfer-
ences (eg, <20 cm or >55 cm), although such cases are rare.

This trial also has several strengths. First, the random-
ized crossover design eliminated the influence of order effect
bias (ie, systemic difference in BP by order of BP measure-
ments) and had embedded activity to wash out the rest time
between measurements. Second, we evaluated 2 clinically
meaningful scenarios, where (1) a regular BP cuff was used
regardless of appropriate BP cuff size and (2) too-small or
too-large BP cuffs were used across multiple BP cuff sizes. Fi-
nally, we repeated the BP measurement with an appropriate
cuff size for every participant as the fourth set of BP measure-
ment to address intrinsic BP variability.

This study warrants a renewed emphasis on individual-
ized BP cuff selection, an issue that is relevant for BP mea-
sured in health care facilities and at home. Although there are
a number of sources of error for BP measurement (eg, crossed
legs, unsupported arm, cold exposure), use of appropriate BP
cuff has a particularly important public implication because
a recent analysis of the National Health and Nutrition Exami-
nation Survey revealed that a regular BP cuff was suitable for
only 51% (125 million) of US adults, whereas 40% (98 million)
would require a large BP cuff.26 Most BP monitoring devices
sold in the US come with 1 BP cuff that is typically the regular
BP cuff size. In this context, 40% or more US consumers would

obtain BP readings overestimated by almost 5 mm Hg when
conducting home BP monitoring. On a global scale, an error
in SBP measurement of 5 mm Hg could lead to the misclassi-
fication of 84 million people to either undertreatment or over-
treatment of hypertension.27 The undertreatment will result
in the occurrence of preventable cardiovascular and kidney
complications of hypertension, and the overtreatment will
cause unnecessary adverse effects of medical treatment and
increase expenditure for medicines.

The current hypertension guidelines recommend confir-
mation of high BP readings for diagnosis of hypertension and
titration of BP-lowering medication.16,17 Ensuring that BP is
measured with an appropriately sized cuff in the initial office
setting is essential to ensure that additional measurements
are only requested and obtained in those with truly elevated
BP (and not in those with artificially elevated BP due to mis-
cuffing). As with clinical measurements, appropriate cuff size
is also integral to the accuracy of out-of-office measurements
obtained to confirm BP elevation and is critically important to
avoid overdiagnosis and underdiagnosis of hypertension. Ex-
panded efforts to encourage assessment of arm size prior to
measurement in the clinic and at home is warranted, such
as through training clinic personnel and educating patients.
Improved BP cuff markings, enhanced device packaging, and
manufacturer marketing could also make it easier for clini-
cians and patients to recognize the importance of cuff fit and
ensure that the cuff used for BP measurements is appropriate
for an individual’s arm size.

Conclusions
In this randomized crossover trial, using a regular BP cuff size
for all individuals regardless of arm size resulted in strikingly
inaccurate BP readings. A renewed emphasis on individual-
ized BP cuff selection is warranted, particularly in individu-
als with larger arm sizes.
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