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Prevalence of inter-arm blood pressure difference among clinical out-patients
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Abstract

Objectives: An increased inter-arm blood pressure difference is an easily determined physical finding, may use as an indicator
of cardio vascular event and other sever diseases. Authors evaluated 477 patients to determine the prevalence and significance
of inter-arm blood pressure difference.

Methodology: 477 routine outdoor patients selected to observe the inter-arm blood pressure difference. Age, height, weight,
body mass index, history of disease and blood pressure recorded.

Results: The prevalence of 210 mmHg systolic inter-arm blood pressure difference was 5.0% was more as compared to 3.8%
had diastolic inter-arm blood pressure difference. The prevalence of systolic and diastolic inter-arm difference between 6 to 10
mmHg was 31.4% and 27.9% respectively. Mean systolic inter-arm blood pressure difference was significantly higher among
those patients had a multisystem disorder (10.57+0.98 mmHg) and followed by patients with cardiovascular disease (10.22+0.67
mmHg) as compared to healthy patients (2.71+0.96 mmHg). Various diseases highly influenced the increase in blood pressure
irrespective of systolic or diastolic was confirmed strongly significant (p<0.001) at different inter arm blood pressure difference
levels.

Conclusion: This study supports the view of inter-arm blood pressure difference as an alarming stage of increased disease risk
that incorporated to investigate potential problems at an early diagnostic stage. A significant mean difference between left and
right arm blood pressure recorded for many diseases.
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Introduction

The inter-arm difference (IAD) in blood
pressure (BP) has received attention globally
was discovered by Osler in 1915 who noted
first. @ The blood pressure should be
measured in both the arms at the first visit
because differences exist and measurement in
only one arm may lead to under diagnosis of
hypertension. ?® Hypertension guidelines
recommend that blood pressure should be
assessed in both arms at the initial visit. ® The
IAD in BP has received increasing attention in
recent years because it has found to be
associated with peripheral vascular disease ©
but the justification has been poor and
adoption in primary care practice negligible to
date. ® The importance of measuring blood
pressure in both arms is initially to prevent the
misdiagnosis of hypertension due to normal
differences in blood pressure between the
arms.

Right and left arm differences of a few mm
of Hg are quite normal, but more than 10 mm
of Hg could significantly increase the risk for
cardiovascular outcomes, including increased
cardiovascular mortality and all-cause mortality
@1 and IAD is associated with increased
cardiovascular morbidity. 2% The arm with
the higher values should be wused for
subsequent measurements was suggested by
current guidelines for the management of
hypertension. @  The blood pressure
differences between arms are reproducible
therefore the BP arm should be pre-specified.
IAD is observed with a significant increase in
blood pressure whether it is systolic or
diastolic, was measured strongly significant 6)
and is greater in hypertensive subjects and in
patients with peripheral arterial disease. 47

When both arms are measured, it has been
suggested that simultaneous measurement of
both arms seems preferable since sequential
measurement of BP overestimates the
prevalence of systolic IAD. *® The differences
have prognostic importance and the extent to
which these differences are reproducible is
unknown. Differences between arms are
reproducible, but often have variations,
therefore; the BP arm should be pre-specified.
An average of at least three observations of
blood pressure should be used to identify the
inter arm blood pressure difference in the left
and right arm of patients diagnosed with
severe diseases. The arms should not be used

interchangeably to obtain BP recordings at
repeated visits.

Some studies have shown that IAD in BP
even found among youth. IAD in BP is
common in young healthy patients, is not
dependent on which arm measured first, and
unrelated to age, body mass index, and heart
rate. The clinical significance of IAD in BP in
young, healthy individuals requires long-term
follow-up. 19

The authors hypothesized that IAD in BP
may be associated with many diseases and
thus the significance of blood pressure
differences between arms were identified to
examine the relationship between IAD in BP
and the increased risk of various diseases,
were the goal of research. Henceforth, the
authors aimed to determine the prevalence
and significance of inter-arm blood pressure
difference.

Purpose:

This study aimed to identify the prevalence
of IAD in BP and its relationship to many
diseases. The inter-arm blood pressure
difference of a patient is easily recordable and
therefore may use as an indicator of diseases
such as multisystem disorders, hypertension,
cardio vascular in the absence of more costly
diagnostic tools.

Materials and Methods

Background and Study Design: A cross-
sectional study designed and carried out at Sri
Aurobindo Medical College and P. G. Institute,
Indore (M. P.), India among routine OPD
patients.

Participants: Participants were 477 outdoor
patients randomly selected for the study during
October 2012 to March 2013. Ethical approval
obtained from the institution and prior informed
consent from the patients obtained for the
publication of the clinical details. The inclusion
criteria were between the ages of 18 and 81
years and not critically ill were those patients
who had at high risk for actual or potential life-
threatening health problems and unable to
walk. Patients previously diagnosed with
various diseases had excluded and those who
were not currently taking medicines included.

Blood Pressure Measurements: All patients
attended a pre-clinic appointment as part of
routine clinical care and assessed by one
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trained doctor experienced in collecting clinical
data. Following five minutes of rest in a supine
position, both palpatory and auscultatory
methods used to record the blood pressure
using two validated standard
sphygmomanometers with appropriately sized
cuffs simultaneously in both the arms (left and
right). Three consecutive systolic and diastolic
blood pressures measurements obtained for
both the arms. Average of the three
measurements for systolic and diastolic blood
pressure utilized for further statistical analysis.

Absolute Inter-arm difference: The
difference in blood pressure between the left
and right arm noted as the presence of inter-
arm difference (IAD) in BP. In the present
study, the absolute value (| | ) of the difference
in BP noted between arms treated as absolute
IAD. For example, the IAD between the left
and right arms in SBP for a patient calculated
as 123 mmHg - 131 mmHg= -8 mmHg. The
absolute value of numeric character -8 is +8
(|-8| =8), therefore the absolute IAD in BP
would be read as 8mmHg.

Other Variables: The age recorded according
to information provided by patient. The height
and weight noted on height measuring scale
with weighing machine and history of disease
obtained after confirmation from reports.

Overall, the information collected by patient
charts and by asking the patients.

Statistical analysis: The data analyzed by
using SPSS which version 11.0. The
descriptive statistics and the prevalence of
inter arm blood pressure difference along with
95% confidence interval was calculated. Data
expressed as percentages of individuals with
systolic IAD and diastolic IAD, and mean *
standard deviation for inter-arm difference in
systolic blood pressure and diastolic blood
pressure (DBP). The Z-test used to identify the
statistical significance of mean differences of
systolic and diastolic blood pressure between
left and right arm while one-way analysis of
variance (ANOVA) used to identify the
significance of mean systolic and diastolic
blood pressure differences in left arm and right
arm at different inter-arm blood pressure
difference levels. The probability value p<0.05
was considered as significant while the
probability value p<0.001 was considered as
highly/strongly significant.

Results: Of the 477 patients in the study, 359
(75.3%) belonged to urban areas. The majority
of patients (215, 45.1%) were identified in the
age group of 19-39 years, followed by 184
(38.6%) of patients who belonged to age group
of 39-59 years. The older age group of 59-79
years consisted of 71 (14.9%) patients. Few (7,
1.5%) patients were 79-81 years old.

Table 1. Anthropometric and Clinical Findings of Patients

All patients IAD for SBP IAD for DBP
_p =10 mmHg =10 mmHg
- (n=477) (n=24) (n=18)
Characteristics
Mean * SD or Mean * SD or Mean * SD or
frequency (%) frequency (%) frequency (%)
Age (years) 41.40+14.99 51.58+11.05 45.22+9.69
Male 201 (42.1) 8 (33.3) 4 (22.2)
é Female 276 (57.9) 16 (66.7) 14 (77.8)
Body Mass Index (kg/m?) 24.43+3.45 27.00+3.61 25.81+4.08
§ Cardiovascular 76 (15.9) 9 (37.5) 4 (22.2)
®  Gastro-Intestinal &
2 -
S Hemoglobin 64 (13.4) 2 (11.1)
8 Endocrine/Metabolic 67 (14.0) 4 (16.7) 2(11.1)
S Infection 42 (8.8) 2(8.3) 1(5.6)
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Psycho Somatic 34 (7.1)

alabetes _ Mellitus and 15 (3.1)
ypertension

Multi-System Disorders 57 (11.9)

1(4.2) 2 (11.1)
1(4.2) 1 (5.6)
7 (29.2) 6 (33.3)

Blood pressure-related characteristics of the
selected patients have shown in Table 1. The
average age of all patients was 41.40+£14.99
years while average body mass index was
24.43+3.45 kg/m?. The mean age
(51.58+£11.05 years) and body mass index
(27.00+3.61 kg/m?) was noted raised in those
who had IAD for SBP=10 mmHg. There were
276 (57.9%) female patients and 201 (42.1%)
male patients. 16 female found with IAD for
SBP=10 mmHg while 14 found with IAD for

DBP210 mmHg. IAD for SBP=10 mmHg
reported in 9 (37.5%) patients out of total (76,
15.9%) who had cardiovascular disorders, in 7
(29.2%) out of 67 (14.0%) patients presented
with multi-system disorders and in 4 (16.7%)
who had endocrine/metabolic disorders. 1AD
for DBP=10 mmHg noted in 6 (33.3%) patient
had multi-system disorder and followed by 4
(22.2) patients had cardiovascular disorders
(Table 1).

Table 2. Comparison of Absolute Inter-Arm Difference between Left and Right Arm

Blood Mean Standard
Parameters Pressure Difference Error of Z-value
Difference
Absolute Inter Arm Difference SBP 3.88+3.04 0.20 2 06*
(mm of Hg)
DBP 3.47+3.13
*p<0.05

Comparison between left and right arm showed that the mean absolute IAD for SBP was
3.88 £ 3.04 mmHg while it was 3.47 = 3.13 mmHg for DBP. IAD was statistically significant (p<0.05)
between left and right arm. See Table 2. The absolute IAD of SBP and DBP were independent and
significantly different (p<0.05) but the authors believe that the study lacks long-term follow-up and thus
unable to reach conclusions regarding the long-term implications of the findings.

Figure 1 depicts the mean blood pressure with first, second and third quartiles of blood pressure in left

and right arm of patients.

Figure 1- Blood pressure in left and right arm of patients
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Figure 1-Box-and-Whisker diagram showing the systolic and diastolic blood pressure in left

and right arms of all patients.
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Table 3. Mean Absolute Inter-Arm Difference of Disease Conditions

. IAD Ranges IAD DBP
Type of Disease (mm of Hg) IAD SBP (MeanzSD) (MeanSD)
Mult Disord 6-10 6.91+1.02 6.93+1.03
ultisystem Disorders >10 10.57+0.98 13.00+7.35
Cardi I 6-10 6.92+1.01 6.78+0.99
rdiov r
ardiovasctia >10 10.22+0.67 10.50+1.00
Psvcho S i 6-10 7.18+1.01 6.53+0.92
matic
SYyeho =o >10 10.00.0 10.00.0
) _ 6-10 6.85+1.00 6.76+0.98
Endocrine/Metabolic
>10 10.00+0.0 11.00+1.41
Diabetes Me|||tu3 6-10 6.83+1.03 6.25+0.71
Hypertension >10 10.040.0 10.0+0.0
) 6-10 6.50+1.00 6.00+0.0
Infection
>10 10.0+0.0 10.0+0.0
Muscoskeletol 6-10 7.33+1.16 7.00+£1.16
Nervous System 6-10 7.00£1.41 6.00+0.0
Gastro-Intestinal 6-10 7.00+1.10 8.000.0
Hemoglobin
Respiratory 6-10 6.40+0.89 6.00£0.0
Hematology 6-10 6.00+0.0 6.67+1.12
. . Left arm F=28.53*** F=22.88***
Type of diseases with < Right arm F=27.68% F=18.63*

**n<0.001
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Table three shows that the mean of
absolute IAD in SBP of patients was the
highest amongst those that had diseases of
multisystem disorders, (10.57+0.98 mmHQ)
followed by patients with cardiovascular
disorders (10.22+0.67mmHg) while the third
maximum was 10.0+0.0 mmHg found among
patients with infection, psychosomatic,
endocrine/metabolic and  diabetes  with
hypertension. The mean of absolute IAD in
DBP was more as compared to SBP and it was
maximum for those patients who had
multisystem disorders (13.00£7.35 mmHQ)
followed by patients with endocrine/metabolic
(11.00+£1.41 mmHg) while the third maximum
was 10.50+1.00 mmHg found among patients

with cardiovascular disorder. Subjects with
renal diseases did not find with absolute IAD >
6 (Table 3).

A very strong mean difference between left
and right arm blood pressure identified for
different type of disease accompanied with a
significant increase in blood pressure.
Comparison showed that various IAD level in
BP influenced the increase in both systolic as
well as in diastolic blood pressure which was
confirmed strongly significant for left (p<0.001)
and right arm (p<0.001) SBP, and left
(p<0.001) and right arm (p<0.001) DBP (Table
3).
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Figure 2-Type of diseases among patients
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Figure 2-Bar diagram showing the distribution of type of diseases among all patients.

Figure 2 presents disease prevalence among
participants. A substantial number of patients
(76, 15.9%) presented with cardiovascular
disorders followed by 67 (14.0%) with
endocrine/metabolic  disorders  while 64
(13.4%) had gastro-intestinal disorders. Fifty-
nine (12.4%) patients were suffering from
respiratory ailments and Fifty-seven (11.9%)
patients had multisystem disorders, were
group of significant disorders that have varied
manifestations and can affect so many organs
that it is not possible to tie them to a single
predominant organ system. Few (42, 8.8%)
had infectious disorders whereas 34 (7.1%)
suffered from psychosomatic  disorders.
Musculoskeletal, hematologic, neurologic,
renal disorders accounted for the remainder of
the patients.

Discussion

The present study offers an understanding
of the presence and significance of IAD in BP.
The term IAD was secondly recognized more
than 95 years ago and employed in the year
1920 by Cyriax.?9 An increase in blood
pressure difference between left and right arm
of a patient in a clinical condition may be
considered as an alarming condition for many
diseases. Study suggested that 80.5% had
absolute IAD of 3.88+ 3.04 mm of Hg in SBP

while 74.8% had absolute IAD of 3.47+ 3.13
mm of Hg in DBP, confirmed significant on
statistical ground which is in agreement with
Suetal. @V

Most of the (15.9%) patients evidenced with
cardiovascular disorders followed by 14.0%
had endocrine/metabolic disorders. The mean
SBP and DBP either in left or in right arm
measured  different  confirmed  strongly
significant at different I1AD levels. The results
reported by Clark et al. found to be connected
with the findings of the study that an inter-arm
difference of 10 mmHg or more in SBP was
strongly associated with increased
cardiovascular  mortality and  all-cause
mortality. ® 1214

IAD levels in patients suffering from various
diseases highly influenced the increase in BP
irrespective of SBP or DBP that is collaborated
with the findings of Sharma and Inamdar. 9
Selection of measurement of BP in arm either
first in left or right or vice-versa couldn't make
a change in IAD. This was supported by
Grossman et al. ®9 showed that no difference
in BP levels and in IAD between those who
measure BP first in the right and those who
measure first in the left arm, suggesting that
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the alert reaction is not an
contributor for IAD.

important

A study reported the presence of a
systematic but clinically insignificant difference
in SBP between arms. @ Marginable mean
difference in BP was identified with different
type of disease which is in agreement with Su
et al. @Y observed that other factors,
hypertension and obesity were also associated
with an inter-arm difference in SBP of 10
mmHg or more.

The mean of IAD in DBP was more as
compared to SBP. Study methods have
contributed to the large IAD in blood pressure
and even four-limb. BP measurement has
become feasible with current technology and
might be useful in cardiovascular prevention
1) evidenced in the recent study conducted by
Sheng et al. ??

Comparison between left and right arm BP
showed that various diseases highly influenced
the increase in both systolic as well as in
diastolic blood pressure was confirmed
strongly significant, which reflected in the
findings of the study conducted by Canepa et
al. ® who reported that an IAD in SBP
210 mmHg could potentially be considered as
a marker of increased arterial stiffness and
support the opportunity to assign individuals
with a significant IAD in SBP to further
cardiovascular assessment whereas Lane et
al. @ stated that the variation in mean inter-
arm blood pressure was unrelated to age, sex,
ethnicity, arm circumference, handedness,
being hypertensive, diabetic, or previous
history of cardiovascular disease.

The important findings of the study that
various diseases significantly influenced the
increase in BP correlated with the recent
findings of Weinberg et al. ¥ showed that an
inter-arm SBP difference is common and
associated with a significant increased risk for
future cardiovascular events, even when the
absolute difference in arm in SBP is modest.
The present finding may be justified with the
findings of the investigators Igarashi et al. who
reported that IAD in blood pressure might
regard as a simple marker for coronary and
peripheral artery diseases. 1 The mean blood
pressure difference for left-arm and right-arm
was higher in some cases but found

statistically insignificant. The similar opinion
reflected in the reporting of Pesola et al. ?®

Kim et al. ®® showed that the presence of
IAD 210 mmHg is a strong independent
prognostic marker in acute ischemic stroke
whereas if a large IAD of 25.1 mmHg using the
arm with the highest reading detected with
sequential measurement, healthcare
professionals should re-measure the BP in the
original arm. @7 Recently, Durrand had
confirmed that large IADs are common in
vascular surgical patients, with a high potential
for monitoring error. ?®

The present study highlights the limitations
of single clinic readings, which are not
accurate. It suggested the recent
recommendations that BP should be
measuring in both arms. Bursztyn reported that
an instrument designed for simultaneous
measurements should be superior. ?® Overall,
findings of the study reported that IAD in BP
might be relate to many diseases and therefore
incorporated to investigate potential problems
at an early diagnostic stage.

Limitations of the study

Authors acknowledge that this is a study
with sample of only routine patients selected
from one medical college and did not
conducted any diagnostic tests to rule out any
unilateral disease that can have effect on blood
pressure values. The study lacks long-term
follow-up, therefore unable to reach
conclusions regarding the long-term
implications of the findings. These could
consider as the limitations of this study. A
prospective long-term follow-up study could
carry out with a cohort of all type of patients
across the country to look at the clinical
significance of inter-arm blood pressure
difference so that preventive measures can
take into account.

Implications

This study highlights the limitations of single
clinic readings, which may overlook significant
health risks. If an inter-arm difference of =10
mmHg is present, then the readings should
take on the arm with the higher readings. Inter-
arm blood pressure difference may test as a
simple marker for chronic diseases. The study
evaluated the presence of an inter-arm
difference and the risk of many diseases and
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therefore awareness among medical
professional regarding the blood pressure
difference in left and right arm may create.

Conclusion

Various types of diseases accompanied
with a significant increase in blood pressure.
Thus, inter-arm blood pressure difference may
nest as a simple marker for diseases. A
significant difference in IAD between left and
right arm considered as a sign of some type of
underlying pathology supported to investigate
potential problems at an earlier diagnostic
stage. In conclusion, this study explored the
prevalence of inter-arm difference in blood
pressure measurements among outpatients.
The authors suggest that assessment of blood
pressure in both arms should become a "core
component” when treating patients with high
blood pressure or any fatal disease in primary
care.
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