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Ambulatory blood pressure monitoring (ABPM) offers advan-
tages over clinic blood pressure measurement. Supporting
the arm at the level of the right atrium has long been
standard in clinic blood pressure measurement. In contrast,
there is no consensus regarding arm position in the
guidelines addressing ABPM. Research studies have used
a variety of arm positions during ABPM. Discussed in this
review are the merits of ABPM and a review of the several
arm positions recommended in ABPM guidelines, suggested

by cuff manufacturers, and used in research studies. To
address this lack of standardization, a rationale for a
clinically reasonable arm position during ABPM is offered.
Specifically, the authors recommend advising the patient to
keep the arm still and relaxed straight down at the side of the
body when the cuff is going to inflate, when safe to do so. J
Clin Hypertens (Greenwich). 2014;16:225–230. ª2014 Wiley
Periodicals, Inc.

Hypertension (HTN) is common and associated with an
increased risk of coronary heart disease events and
stroke. Whereas treatment of sustained HTN is associ-
ated with increased life expectancy,1 treatment of
nonsustained (“white-coat”) HTN is likely of little
benefit.2 Ambulatory blood pressure (BP) monitoring
(ABPM) has been recommended as a tool for identifying
white-coat HTN, as well as for identifying masked
HTN, nocturnal HTN, and well-controlled HTN.3,4

ABPM measurements are more strongly associated with
cardiovascular morbidity and mortality compared with
office-based measurements.5,6 However, unnecessary
variation in technique threatens to introduce errors into
ABPM measurements. We discuss why arm position in
ABPM should be considered a well-established source of
unnecessary variation. In addition, we review the
variation that exists in guidelines regarding arm position
during ABPM. We discuss the various arm positions
used in ABPM research studies, and we recommend a
standard arm position.

BP MEASUREMENTS DIFFER ACCORDING TO
ARM POSITION
In 1897, Hill and Barnard stated that arm position must
be standardized during cuff-based BP measurement
since the measurement changes as the arm is raised or
lowered. The expected change in BP attributable to
gravity upon raising or lowering of the arm can be
calculated7 as:

Dbp ¼ dv � sgb
sgm

, where bp is the cuff-measured BP
in the arm (mm Hg), dv is the vertical distance from the
right atrium (in mm), sgb is the specific gravity of blood

(1.05 at 37°C),8 and sgm is the specific gravity of Hg
(~13.6).

This formula accurately predicts the observed change
in BP with passive arm elevation or lowering. The BP
changes by ~0.77 mm Hg for every centimeter
(~2 mm Hg per inch) of distance between the cuff and
the phlebostatic axis, commonly estimated at the fourth
intercostal space. When the arm is perpendicular to the
torso, systolic BP has been shown to be 8.8 mm Hg
lower and diastolic BP to be 10.1 mm Hg lower than
when the arm is parallel to the torso.9 This is a clinically
significant difference in measurement of BP similar in
magnitude to the typical effects of an antihypertensive
medication. The recommendation that the cuff be at the
level of the heart (ie, right atrial) is considered
indispensable in seated clinic BP measurement.4 Despite
the well-known relationship between arm position and
BP measurements and a strong consensus regarding arm
position during office BP measurement, ABPM guide-
lines recommend a variety of arm positions, and ABPM-
based research studies have used a variety of arm
positions, as we discuss below.

RATIONALE FOR A STANDARD ARM POSITION
IN ABPM

An Effect of Arm Position on ABPM Measurements
Has Been Demonstrated
The impact of arm position on BP measured by ABPM is
not a merely theoretical concern. At least two studies
clearly demonstrate that arm position affects BP mea-
surements in ABPM.10,11 Mourad and colleagues ran-
domized hypertensive patients to different arm positions
during ABPM monitoring. Waking ABPM measure-
ments with the arm “in the usual position for ABPM”
were an average of 13/8 mm Hg higher compared with
measurements taken with the arm in the horizontal
position (with or without arm support at the patient’s
discretion). In addition, they found that this arm
position–related artifact increased as BP increased.11
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Kammila and colleagues noticed a large number of
patients with excessive nocturnal dipping after instruct-
ing patients to use a pillow to muffle the sounds of the
ambulatory monitor. They therefore evaluated whether
asking patients not to elevate their arm on a pillow
during ABPM would yield higher BP measurements.
After implementing this instruction, the percentage of
patients diagnosed with excessive nocturnal dipping
decreased from 17.4% to 8.8% for systolic BP and
37.0% to 24.4% for diastolic BP. The percentage of
patients diagnosed with inadequate nocturnal dipping
increased from 33.7% to 45.6% for systolic BP and
from 13.0% to 31.6% for diastolic BP.10 As illustrated
in these studies, ABPM measurements vary significantly
with arm position during the day and at night. There-
fore, whether BP measured by ABPM during clinical
practice is truly comparable to those reported by ABPM
research studies depends on the position of the arm in
both scenarios. Misclassification of patients’ BP and
unjustified adjustments of BP medications would be an
expected consequence if the arm position used in routine
clinical practice is unlike that employed in ABPM
research protocols, the results of which inform man-
agement guidelines.

Prior and Current Recommendations for Arm
Position in ABPM Lack Agreement
In 1995, Staessen and colleagues published a consensus
view in which they recommended an arm position for
ABPM (“parallel to the trunk”).12 Nonetheless, several
more recent clinical guidelines make no specific recom-
mendation regarding arm position. Other guidelines
recommend arm positions varying from “still and
hanging relaxed along the body” to “at heart level” to
“supported” at heart level to “extended.” The Table
lists the arm positions (if any) suggested in a variety of
clinical hypertension guidelines addressing ABPM. It is
clear that at present there is no uniformity to these
recommendations.

A Variety of Arm Position Have Been Used in ABPM-
Based Research
High-impact studies of ABPM have implemented dif-
ferent patient instructions regarding arm position. Of 25
ABPM studies reviewed by the Agency for Healthcare
Research & Quality, only 11 (44%) stated that
instructions regarding ABPM were given to patients.
In the Pressioni Arteriose Monitorate E Loro Associaz-
ioni (PAMELA) study, participants undergoing ABPM
were instructed to “hold the arm immobile at the time
of the measurements.”13 The position of the arm was
not prescribed by the investigators. Other publications
describe the arm position in adequate detail. Wendelin-
Saarenhovi and colleagues instructed their elderly study
participants to “to avoid strenuous physical exercise
and to keep the arm in a relaxed position by the side of
the body for the BP recording.”14 Another highly
productive ABPM research group has reported varying
patient instructions, including “arm by the patient’s

T
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side” (2007)15 and “arm extended” (2007, 2009 and
2011).16–18 The manuals for the ABPM devices used in
these and other research studies are not in accord with
regard to arm position. Surprisingly, even a study
designed to assess factors affecting reproducibility of
ABPM did not report instructing the patients regarding
the height of the arm during measurements.19

The International Database on Ambulatory Blood
Pressure Monitoring in Relation to Cardiovascular
Outcomes (IDACO) is a database of results from 10
large ABPM studies conducted across several conti-
nents. Whereas IDACO has been highly informative
about ABPM, some publications from IDACO’s con-
stituent studies did not describe arm position during
ABPM. We cannot comment, therefore, on whether the
arm position was standardized during these seminal
studies.13,20–26

A PROPOSED STANDARD ARM POSITION
In view of the increasing use of ABPM, we believe it is
critical to standardize the arm position during ABPM, as
much as is possible, to mitigate this important source of
variation. Any recommendation for a standard arm
position is open to criticism, since each arm position has
potential drawbacks. Extension of the arm perfectly
perpendicular to the body requires isometric exercise
(which may spuriously contribute to BP elevations) and
places the cuff slightly higher than the right atrium.
Placing the arm “at heart level” may or may not involve
isometric exercise since this instruction is open to a
variety of reasonable interpretations. The most accurate
BP measurements while standing and sitting during
ABPM measurement might result from instructing
patients to support the arm on a table while seated or
a shelf while standing so that the middle portion of the
cuff is at the fourth intercostal space. It would require
the patient to always be near a chair and table of
appropriate height for measurements or seek a support
to rest their arm on while standing. In addition, this
instruction requires patients to understand nonobvious
aspects of surface anatomy. Yet, some current guidelines
incorporate impractical aspects of this idealized method.

We suggest that healthcare providers performing
ABPM instruct patients: “If you are in a situation in
which it is safe to do so, keep your arm still and relaxed
straight down at the side of your body when the cuff is
going to inflate (whether seated, standing, or lying
down.)” Although the mid-cuff will likely be slightly
below the right atrium (ie, measurements may be higher
compared with those taken with the arm supported at
heart level), the instruction is simple, requires little or no
interpretation, requires no support for the arm, does not
involve isometric exercise, and accords with instructions
that have been used in some ABPM research studies. We
recognize that this arm position may lead to ABPM
averages that would be several mm Hg higher compared
with measurements done with the arm at a higher “heart
level” position. In addition, many studies have not
disclosed the arm position used during ABPM, so there

may be more uniformity than can be appreciated from a
review of published manuscripts, minimizing the impact
of a standardization effort. Nonetheless, we believe the
well-understood benefits of standardization of research
and clinical BP measurements outweigh these limita-
tions. A reasonable recommendation would be to use
the ABPM cuff to measure the seated BP using standard
clinical technique and standing BP with the arm relaxed
by the patient’s side. This approach would suggest a
correction factor, at least for daytime measurements.
Finally, we believe that it is also technologically feasible
for manufacturing companies to provide a sensor of arm
position relative to the heart and to provide both raw BP
readings as well as those corrected for the estimated
extra hydrostatic pressures using this uniform protocol.

CONCLUSIONS
Studies establishing the usefulness of ABPM have used a
variety of patient instructions regarding arm position.
ABPM measurements remain a powerful predictor of
cardiovascular events despite the lack of arm position
standardization. To the extent that unnecessary arm
position variation exists in ABPM, noise is being
introduced into the measurements. We speculate that
should this noise be removed, ABPM levels might be an
even stronger predictor of BP-related cardiovascular
events. Unfortunately, present-day guidelines vary in
their recommendations regarding arm position in
ABPM. The variation in arm positions used in studies
presents a barrier to direct translation of ABPM-based
BP goals to clinical practice. A renewed effort to
standardize arm position during ABPM protocols for
research and clinical practice is needed. This standard-
ization effort should promote the instruction: “If you
are in a situation in which it is safe to do so, keep your
arm still and relaxed straight down at the side of your
body when the cuff is going to inflate (whether seated,
standing, or lying down.)”
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References
1. Kostis JB, Cabrera J, Cheng JQ, et al. Association between chlorthal-

idone treatment of systolic hypertension and long-term survival.
JAMA. 2011;306:2588–2593.

2. Fagard RH, Staessen JA, Thijs L, et al. Response to antihypertensive
therapy in older patients with sustained and nonsustained systolic
hypertension. Systolic Hypertension in Europe (Syst-Eur) Trial Inves-
tigators. Circulation. 2000;102:1139–1144.

3. O’Brien E, Asmar R, Beilin L, et al. Practice guidelines of the
European Society of Hypertension for clinic, ambulatory and self
blood pressure measurement. J Hypertens. 2005;23:697–701.

4. Pickering TG, Hall JE, Appel LJ, et al. Recommendations for blood
pressure measurement in humans and experimental animals: part 1:
blood pressure measurement in humans: a statement for professionals
from the Subcommittee of Professional and Public Education of the
American Heart Association Council on High Blood Pressure
Research. Hypertension. 2005;45:142–161.

5. Dolan E, Stanton A, Thijs L, et al. Superiority of ambulatory over
clinic blood pressure measurement in predicting mortality: the Dublin
outcome study. Hypertension. 2005;46:156–161.

6. Ingelsson E, Bjorklund-Bodegard K, Lind L, et al. Diurnal blood
pressure pattern and risk of congestive heart failure. JAMA.
2006;295:2859–2866.

Arm position and ABPM | Byrd and Brook

The Journal of Clinical Hypertension Vol 16 | No 3 | March 2014 229



7. Mitchell PL, Parlin RW, Blackburn H. Effect of vertical displacement
of the arm on indirect blood-pressure measurement. N Engl J Med.
1964;271:72–74.

8. Trudnowski RJ, Rico RC. Specific gravity of blood and plasma at 4
and 37 degrees C. Clin Chem. 1974;20:615–616.

9. Hemingway TJ, Guss DA, Abdelnur D. Arm position and blood
pressure measurement. Ann Intern Med. 2004;140:74–75.

10. Kammila S, Campbell NR, Brant R, et al. Systematic error in the
determination of nocturnal blood pressure dipping status by ambu-
latory blood pressure monitoring. Blood Press Monit. 2002;7:131–
134.

11. Mourad A, Carney S, Gillies A, et al. Arm position and blood
pressure: a risk factor for hypertension? J Hum Hypertens.
2003;17:389–395.

12. Staessen JA, Fagard R, Thijs L, Amery A. A consensus view on the
technique of ambulatory blood pressure monitoring. The Fourth
International Consensus Conference on 24-Hour Ambulatory Blood
Pressure Monitoring. Hypertension. 1995;26(6 Pt 1):912–918.

13. Sega R, Cesana G, Milesi C, et al. Ambulatory and home blood
pressure normality in the elderly: data from the PAMELA population.
Hypertension. 1997;30(1 Pt 1):1–6.

14. Wendelin-Saarenhovi ML, Isoaho RE, Hartiala JJ, et al. Ambulatory
blood pressure characteristics in normotensive and treated hyperten-
sive older people. J Hum Hypertens. 2002;16:177–184.

15. Gorostidi M, Sobrino J, Segura J, et al. Ambulatory blood pressure
monitoring in hypertensive patients with high cardiovascular risk: a
cross-sectional analysis of a 20,000-patient database in Spain. J
Hypertens. 2007;25:977–984.

16. de la Sierra A, Redon J, Banegas JR, et al. Prevalence and factors
associated with circadian blood pressure patterns in hypertensive
patients. Hypertension. 2009;53:466–472.

17. de la Sierra A, Segura J, Banegas JR, et al. Clinical features of 8295
patients with resistant hypertension classified on the basis of ambu-
latory blood pressure monitoring. Hypertension. 2011;57:898–902.

18. Banegas JR, Segura J, Sobrino J, et al. Effectiveness of blood pressure
control outside the medical setting. Hypertension. 2007;49:62–68.

19. Palatini P, Mormino P, Canali C, et al. Factors affecting ambulatory
blood pressure reproducibility. Results of the HARVEST Trial.
Hypertension and Ambulatory Recording Venetia Study. Hyperten-
sion. 1994;23:211–216.

20. Hansen TW, Jeppesen J, Rasmussen S, et al. Ambulatory blood
pressure monitoring and risk of cardiovascular disease: a population
based study. Am J Hypertens. 2006;19:243–250.

21. Schettini C, Bianchi M, Nieto F, et al. Ambulatory blood pressure:
normality and comparison with other measurements. Hypertension
Working Group. Hypertension. 1999;34(4 Pt 2):818–825.

22. O’Brien E, Murphy J, Tyndall A, et al. Twenty-four-hour ambulatory
blood pressure in men and women aged 17 to 80 years: the Allied Irish
Bank Study. J Hypertens. 1991;9:355–360.

23. Ohkubo T, Kikuya M, Metoki H, et al. Prognosis of “masked”
hypertension and “white-coat” hypertension detected by 24-h ambu-
latory blood pressure monitoring 10-year follow-up from the Ohas-
ama study. J Am Coll Cardiol. 2005;46:508–515.

24. Bjorklund K, Lind L, Zethelius B, et al. Isolated ambulatory hyper-
tension predicts cardiovascular morbidity in elderly men. Circulation.
2003;107:1297–1302.

25. Kuznetsova T, Malyutina S, Pello E, et al. Ambulatory blood pressure
of adults in Novosibirsk, Russia: interim report on a population study.
Blood Press Monit. 2000;5:291–296.

26. Mancia G, Sega R, Bravi C, et al. Ambulatory blood pressure
normality: results from the PAMELA study. J Hypertens. 1995;13
(12 Pt 1):1377–1390.

27. O’Brien E, Coats A, Owens P, et al. Use and interpretation of
ambulatory blood pressure monitoring: recommendations of the
British hypertension society. BMJ. 2000;320:1128–1134.

28. Chobanian AV, Bakris GL, Black HR, et al. Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension. 2003;42:1206–
1252.

29. O’Brien E, Asmar R, Beilin L, et al. European Society of Hypertension
recommendations for conventional, ambulatory and home blood
pressure measurement. J Hypertens. 2003;21:821–848.

30. Williams B, Poulter NR, Brown MJ, et al. Guidelines for management
of hypertension: report of the fourth working party of the British
Hypertension Society, 2004-BHS IV. J Hum Hypertens. 2004;18:139–
185.

31. Alessi A, Brandao AA, Pierin A, et al. [IV Guideline for ambulatory
blood pressure monitoring II Guideline for home blood pressure
monitoring. IV ABPM/II HBPM]. Arq Bras Cardiol. 2005;85(Suppl
2):1–18.

32. Mancia G, De BG, Dominiczak A, et al. 2007 Guidelines for the
management of arterial hypertension: The Task Force for the
Management of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC).
Eur Heart J. 2007;28:1462–1536.

33. Parati G, Omboni S, Palatini P, et al. Italian Society of Hypertension
guidelines for conventional and automated blood pressure measure-
ment in the office, at home and over 24 hours. High Blood Press
Cardiovasc Prev. 2008;15:283–310.

34. JCS Joint Working Group. Guidelines for the clinical use of 24 hour
ambulatory blood pressure monitoring (ABPM) (JCS 2010): digest
version. Circ J. 2012;76:508–519.

35. National Institute for Health and Care Excellence. The Clinical
Management of Primary Hypertension in Adults. London: National
Institute for Health and Care Excellence; 2011.

36. British Hypertension Society. Standard Operating Procedure for
ABPM. 2012. http://www.bhsoc.org/files/7413/4141/3793/BHS_
Standard_Operating_Procedure_for_ABPM.pdf. Accessed December
24, 2013.

37. Head GA, McGrath BP, Mihailidou AS, et al. Ambulatory blood
pressure monitoring in Australia: 2011 consensus position statement. J
Hypertens. 2012;30:253–266.

38. Canadian Hypertension Education Program. Canadian Hyperten-
sion Education Program (CHEP) 2013 Recommendations. 2013.
http://www.hypertension.ca/images/CHEP_2013/2013_CompleteCHEP
Recommendations_EN_HCP1009-1.pdf. Accessed December 24,
2013.

39. Hermida RC, Smolensky MH, Ayala DE, et al. 2013 Ambulatory
blood pressure monitoring recommendations for the diagnosis of adult
hypertension, assessment of cardiovascular and other hypertension-
associated risk, and attainment of therapeutic goals. Chronobiol Int.
2013;30:355–410.

40. O’Brien E, Parati G, Stergiou G, et al. European Society of Hyper-
tension position paper on ambulatory blood pressure monitoring. J
Hypertens. 2013;31:1731–1768.

230 The Journal of Clinical Hypertension Vol 16 | No 3 | March 2014

Arm position and ABPM | Byrd and Brook


