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ABSTRACT
Introduction: Single arm measurement of Blood Pressure (BP) is
routinely done in clinical practice. Significant difference in the interarm BP is related to various risk factors of cardiovascular disease
Prevalence of Peripheral Arterial Disease (PAD) is high, but the
awareness about the disease and its symptoms are relatively low.

SBP Inter-Arm Difference (IAD), non-invasive Doppler test was
done to diagnose PAD. The results were analysed using t-test.

Aim: To assess the prevalence of inter-arm difference in systolic
blood pressure in people without any cardiovascular risk factors
and to relate the inter-arm BP difference with both symptomatic
and asymptomatic peripheral arterial disease.

Results: It was found that 33.08% (86 out of 260) of the subjects
had inter-arm SBP difference above 10 mmHg. The total number
of subjects diagnosed with PAD were 33.84% (88 out of 260).
The odds of patients with IAD to have PAD is 102.6 times higher
than patients without IAD {OR=102.6 (42.46-247.94)}. The odds
of patients with 15-20 mmHg IAD to have PAD was 6.53 times
higher than patients with 10-15 mmHg IAD {OR=6.53 (1.4928.57)}. IAD in SBP is significantly related to PAD.

Materials and Methods: It was a comparative study in which 260
subjects in the age group of 40-70 years participated. Systolic
Blood Pressure (SBP) inter-arm difference was measured and

Conclusion: It is important to diagnose the PAD at the earlier stage
and also measurement of BP on both the arms is one of the costeffective tool for screening patients with risk factors for PAD.
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INTRODUCTION
Blood Pressure (BP) measurement is a vital part of clinical practice
and it is a commonly done physical examination. It is usually
measured in one arm only and the readings thus obtained are
used for various diagnostic and prognostic purposes. However, the
practice of recording BP from both the arms is gaining attention
especially with the current guidelines for the management of
hypertension which recommend that since patients may have large
difference (>10 mmHg) between arms, BP should be measured in
both the arms and the arm with the higher value should be used for
subsequent measurements [1]. Raised inter-arm BP difference has
been associated with cardiovascular mortality and any difference
≥20/10 mmHg has been recommended to be taken seriously and
referred to specialists [2,3]. Raised inter-arm systolic blood pressure
is also associated with peripheral arterial disease [4].
PAD includes those disorders which result in the obstruction of blood
flow in the arteries except in cerebral and coronary circulation [5]. It
affects 12% of the general population and its incidence increases
with age [6]. The all-cause mortality in patients with PAD is 4.8%
which is higher than the all-cause mortality of patients without PAD
which is 1.6% [7]. Cardiovascular mortality rate is almost five times
higher in subjects with PAD when compared to subjects without
PAD [8-10].
Most of the studies which assessed the relation between raised
inter-arm BP difference and cardiovascular disease have been done
in subjects with increased risk for cardiovascular disorder like people
with hypertension and diabetes mellitus [4,11]. The difference in
inter-arm BP has also been observed in general population but the
studies to analyse its relation with PAD in general population without
the presence of cardiovascular risk factors are scarce and so are
the studies which related IAD with the presence and absence of
symptoms for PAD. Such studies conducted in Indian population
are little to none despite the increase in incidence. With this lacuna,
we assessed the prevalence of inter-arm difference in SBP in people
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without any cardiovascular risk factor and related the inter-arm BP
difference with both symptomatic and asymptomatic peripheral
arterial disease.

MATERIALS AND METHODS
Subject Selection
The study was conducted in the Department of Radiology and
Physiology of a Private Medical College in Tamil Nadu, India. It was
a comparative study with simple random sampling method. Study
included 300 subjects of both the gender in the age group of 4070 years who attended the out-patient department. The study was
approved {06/mmchri/2016(A)} by Institute Ethical Committee and
study was done during June 2016-May 17.
A detailed medical history was collected from all the subjects
followed by thorough general examination. The medical history
also included patient’s history of smoking, alcohol consumption
and tobacco use. The symptoms of Peripheral arterial diseases like
intermittent claudication, numbness of leg, non-healing wounds in
the leg or foot were asked for and noted in the medical history.
Subjects with any known history of diabetes mellitus, hypertension,
chronic kidney disease or any endocrine disorder were excluded
and a total of 260 participants were selected as participants. The
purpose of the study was explained clearly in the local language
(Tamil) and consent was obtained.

Blood Pressure Measurement
Blood pressure was measured for all the subjects after five
minutes rest using OMRON digital BP monitors {Omron Healthcare
Manufacturing Vietnam Company, Singapore}. BP was measured in
both the arms consecutively with a minimum interval between the
two readings of less than two minutes. Two readings were taken
and the average of such reading was taken. Care was taken that
the subjects were seated comfortably and neither the subject nor
the observer talks during the measurement. The difference in SBP
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between the right arm and left arm measurements were calculated
and the subjects were divided into the following groups based on
their IAD SBP.
Group I (No IAD): IAD in SBP <10 mmHg
Group II: IAD in SBP >10 mmHg
Group II with significant IAD in SBP was further divided into three
groups based on the level of IAD as follows: Group IIA, IIB and
IIC with IAD SBP 10-15 mmHg, 15-20 mmHg, and >20 mmHg
respectively. (Decided by authors)

Diagnosis of PAD
Non-invasive doppler scan was performed in all the subjects using
ACUSON X300 (Siemens Medical Solutions, USA) for the diagnosis
of peripheral arterial disease. All the subjects were enquired about
the presence of symptoms of PAD like leg cramps, pain during
ambulation, coldness in lower extremities, non-healing sores in
toes, foot and legs and loss of hair in legs.

STATISTICAL ANALYSIS
All data were entered in MS Excel 2010 spreadsheet and analysis
was done using SPSS software (version 21.0) and Sigmaplot
software (version 6.01). Chi-square test was done to find the relation
between IAD in SBP and PAD and odds ratio was calculated. Paired
t-test was done to compare the mean difference in inter-arm SBP
and independent sample t-test was done to compare the IAD in
SBP between normal and PAD patients and for the comparison of
IAD between PAD patients with and without symptoms. p-value of
<0.05 was taken to be statistically significant.
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Group IIC vs Group IIB (>20 IAD vs 15-20 IAD)
All the patients (100%) with IAD >20 mmHg had PAD. Since the
number of subjects in Group IIC to not have PAD was zero, odds
ratio was not calculated for this comparison.

Group IIB vs Group I (15-20 IAD vs no IAD)
The odds of patients with IAD15-20 mmHg to have PAD is 189
times higher than patients without IAD to have PAD {OR=189 (51–
700.38)} [Table/Fig-2].
Comparison of IAD in normal subjects (n=12) and patients with
PAD with and without symptoms (n=76).
The mean IAD in SBP was significantly higher in PAD patients when
compared to normal subjects with a p<0.001 [Table/Fig-3]. Out of
76 PAD patients in Group II, 30 PAD patients were with symptoms
and 46 patients were PAD without symptoms (39.48% and 60.52%,
respectively) [Table/Fig-4]. The PAD patients with symptoms had
significantly higher IAD in SBP when compared to PAD patients
without symptoms (p-value<0.05) [Table/Fig-5]. The IAD in SBP was
significantly higher in PAD patients with symptoms when compared
with subjects without PAD (p-value<0.001) [Table/Fig-6].

RESULTS
The average age of the participants was 50.6 years and out of
the 260 subjects, 174 subjects (66.92%) had IAD in SBP below
10 mmHg and 86 subjects (33.08%) belonged to Group II with
IAD in SBP above 10 mmHg. In Group II, 22, 45 and 19 subjects
belonged to Group IIA, IIB and IIC respectively [Table/Fig-1].

[Table/Fig-3]: Comparison of IAD in SBP in Normal subjects and PAD subjects.
PAD: Peripheral arterial disease; IAD: Inter-arm difference in systolic blood pressure

Group

No. of subjects

PAD

No PAD

Group I

174

12

162

Group IIA (10-15 mmHg)

22

15

7

PAD with symptoms

30

39.48%

Group IIB (15-20 mmHg)

45

42

3

PAD without symptoms

46

60.52%

Group IIC (>20 mmHg)

19

19

0

Total

76

100.00%

[Table/Fig-1]: Distribution of subjects based on IAD in SBP and diagnosis of PAD.
PAD: Peripheral arterial disease

Number of patients

Percentage

[Table/Fig-4]: Distributions of patients with PAD presented with and without
symptoms.

Group I versus group II (IAD vs no IAD)
In Group I, i.e., subjects with IAD difference <10 mmHg, only 6.9 %
(12 out of 172) had PAD. However, in Group II, i.e., subjects with
IAD difference >10 mmHg 88.4% (76 out of 86) of patients with IAD
had PAD [Table/Fig-1].
The odds ratio of patients with IAD to have PAD was 102.6 times
higher than patients without IAD to have PAD {OR=102.6 (42.46–
247.94)} [Table/Fig-2].
Odds ratio

95% CI

Group I vs Group II (no IAD vs IAD)

102.6

42.46–247.94

Group IIA vs Group IIB (10-15 IAD vs 15-20 IAD)

6.53

1.49–28.57

Group IIB vs Group I (15-20 IAD vs no IAD)

189

51–700.38

[Table/Fig-2]: Comparison of the risk of developing PAD with and without IAD in SBP.
IAD: Inter-arm difference in systolic blood pressure; CI: Confidence interval

Group IIA vs Group IIB (10-15 IAD vs 15-20 IAD])
In Group IIA subjects, i.e., with IAD between 10-15 mmHg, 68.2%
(15 out of 22) had PAD and in Group IIB, i.e., with IAD between
15-20 mmHg, 93.3% (42 out of 45) had PAD. The odds of group to
had PAD was 6.53 times higher than patients with IAD10-15 to have
PAD {OR=6.53 (1.49–28.57)} [Table/Fig-2].
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[Table/Fig-5]: Comparison of IAD in SBP in PAD subjects with symptoms and
without symptoms.
PAD: Peripheral arterial disease; IAD: Inter arm difference in systolic blood pressure

DISCUSSION
An inter-arm difference in SBP >10 mmHg is defined as high IAD
[12]. In the present study, with 50.6 years as the average age
of the subjects, it was found that 33.08% (76) of the subjects
had inter-arm SBP difference above 10 mmHg. Similar study by
Harrison EG et al., found that high IAD in SBP was found in 5%
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and management of PAD becomes possible. Unfortunately, this
simple procedure is not done by the majority of the practitioners. A
survey by Mc Kay CW et al., found that only 23% of the physicians
recorded blood pressure in both the arms [17]. Awareness should
be created that a simple procedure of bilateral BP measurement
may save lives.

limitation

[Table/Fig-6]: Comparison of IAD in SBP in Normal subjects, PAD subjects without
symptoms and PAD subjects with symptoms.

The limitation of the study is that, the relationship between smoking
history and the onset of peripheral arterial disease was considered.
The BP measurement was done one time and continuous beat to
beat. BP Measurement and its interarm difference over a time has to
be considered in the larger population for better study implications.

PAD: Peripheral arterial disease; IAD: Inter-arm difference in systolic blood pressure

of the subjects with the average age of 48 years [13]. Authors
also found that out of the 76 subjects with high IAD, 88.4% were
diagnosed with PAD. The risk of the patients with high IAD to
have PAD in the present study was drastically higher than patients
without IAD and so was the risk of patients with IAD between 1520 mmHg to have PAD when compared to that of the patients
without IAD. This is concomitant with the results of other studies
which showed a positive relation between high IAD and incidence
of PAD [2,14].
There are several risk factors for PAD including smoking,
hypertension, diabetes mellitus and advanced age. In the
present study, the subjects recruited were without a known
history of hypertension and diabetes mellitus but despite that
authors got high prevalence of PAD with 88 (33.85%) subjects
out of which, 76 (29.23%) had high IAD and 12 (4.62%) had IAD
less than <10 mmHg. This high prevalence could be attributed
to the older age of the subjects in the present study with 50.6
years average. Similar findings have been shown by other
studies which showed that the incidence of PAD increased with
age [6,15].
Asymptomatic PAD is frequently present in the population and
one of the alarming finding in the present study was that the
4.62% of the sample with no significant IAD who did not present
with any symptoms of PAD were diagnosed with PAD in Doppler
scan. The same happened to 60.52% of patients with high IAD
who did not present with any PAD symptoms. Due to the lack of
awareness about PAD, most of the frequent symptoms of PAD
like leg cramps and pain during ambulation are neglected by the
patients as they ascribe them to old age or physical exertion. The
patient then tries to avoid exertion to prevent them from having
those symptoms and they miss to report them to their physician
[10]. Even in the present study, out of the 30 PAD patients who
had symptoms, 20 patients failed to mention the PAD symptoms
without prompting from the examiner. This can be prevented by
increasing the awareness regarding PAD among the population
which would help in earlier diagnosis and better management of
the condition.
The IAD in SBP was significantly higher in PAD patients with
symptoms when compared to PAD patients without symptoms and
normal subjects. The studies which assessed the relation between
inter-arm blood pressure difference and PAD did not include its
relation with the absence of symptoms and little to none of such
study has been conducted in Indian population. Since PAD can also
be asymptomatic, this overlook is not desirable.
The diagnosis of PAD is aided by a non-invasive test which is
ankle brachial pressure index but it is time consuming and is not
a routinely followed physical examination procedure unlike BP
measurement [16]. With the symptoms of PAD being commonly
over looked by the patients, if BP measurement is done bilaterally
in both the arms routinely in clinical practice, earlier diagnosis
Journal of Clinical and Diagnostic Research. 2019 May, Vol-13(5): CC01-CC04

CONCLUSION
The inter-arm systolic blood pressure difference is strongly
related to peripheral arterial disease in the subjects of age group
40-70 years is high. Though, Inter-Arm Difference (IAD) was
significantly more in Peripheral Arterial Disease (PAD) patients with
symptoms than those without symptoms and normal subjects, a
considerable amount of the PAD patients also presented without
any symptoms. We urge the healthcare system to increase the
awareness regarding the symptoms of PAD among the general
population and also appraise the employment of blood pressure
measurement in both the arms as a routine physical examination.
An appreciation of the potential IAD in general population by the
practitioners would be drastically beneficial for the patients and is
also critical for accurate diagnosis and management of peripheral
arterial disease.

Acknowledgements
The authors would like to acknowledge the Department of Radiology
for their support.

REFERENCES
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

Williams B, Poulter NR, Brown MJ, Davis M, McInnes GT, Potter JF, 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;18:139-85.
Clark CE, Taylor RS, Shore AC, Ukoumunne OC, Campbell JL. Association
of a difference in systolic blood pressure between arms with vascular
disease and mortality: a systematic review and meta-analysis. Lancet.
2012;379:905-14.
Clark CE, Greaves CJ, Evans PH, Dickens A, Campbell JL. Inter-arm blood
pressure difference in type 2 diabetes: a barrier to effective management? Br J
Gen Pract. 2009;59:428-32.
Clark CE, Campbell JL, Powell RJ, Thompson JF. The inter-arm BP
difference and peripheral vascular disease: Cross sectional study. Fam Pract.
2007;24:420-26.
The sage group. Report on the epidemiology of PAD, TAO and CLI in India.
Accessed from https://www.news-medical.net/news/20091113/Report-on-theepidemiology-of-PAD-TAO-and-CLI-in-India.aspx, accessed on 12/10/2017.
Criqui MH, Fronek A, Barrett-Connor E, Klauber MR, Gabriel S, Goodman D.
The prevalence of peripheral arterial disease in a defined population. Circulation.
1985;71(3):510-15.
Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, Mc Cann TJ, et al.
Mortality over a period of 10 years in patients with peripheral arterial disease. N
Engl J Med.1992;326(6):381-86.
Mc Kenna M, Wolfson S, Kuller L. The ratio of ankle and arm arterial
pressure as an independent predictor of mortality. Atherosclerosis.
1991;87(2-3):119-28.
Aronow WS, Ahn C. Prevalence of coexistence of coronary artery disease,
peripheral arterial disease, and atherothrombotic brain infarction in men and
women ≥62 years of age. Am J Cardiol.1994;74(1):64-65.
Winkelaar GB. Peripheral Arterial Disease: How to Diagnose, When to Refer.
Perspectives in Cardiology. December 2003;27-33.
Clark CE, Steele AM, Taylor RS, Shore AC, Ukoumunne OC, Campbell JL.
Interarm blood pressure difference in people with diabetes: measurement
and vascular and mortality implications: a cohort study. Diabetes Care.
2014;37:1613-20.
Orme S, Ralph SG, Birchall A, Lawson-Matthew P, McLean K, Channer KS.
The normal range for inter-arm differences in blood pressure. Age Ageing.
1999;28:537-42.
Harrison EG, Roth GM, Hines EA. Bilateral indirect and direct arterial pressures.
Circulation. 1960;22:419-36.

3

K Senthil Kumar et al., Inter-arm Systolic Blood Pressure Difference and Peripheral Arterial Disease
[14] Charmoy A, Wurzner G, Ruffieux C, Hasler C, Cachat F, Waeber B, Burnier M.
Reactive rise in blood pressure upon cuff inflation: cuff inflation at the arm causes
a greater rise in pressure than at the wrist in hypertensive patients. Blood Press
Monit. 2007;12:275-80.
[15] Hiatt WR, Hoag S, Hamman RF. Effect of diagnostic criteria on the prevalence
of peripheral arterial disease. The San Luis Valley diabetes study. Circulation.
1995;91(5):1472-79.

www.jcdr.net

[16] Davidson MH. Global risk management in patients with type 2 diabetes mellitus.
AmJ Cardiol. 2007;99(4A):41B-50B.
[17] Mc Kay CW, Campbell NRC, Parab LS, Chockalingam A, Fodor JG. Clinical
assessment of blood pressure. J Hum Hypertens. 1990;4:639-45.

PARTICULARS OF CONTRIBUTORS:
1. Associate Professor, Department of Physiology, Meenakshi Medical College and Research Institute, Kanchipuram, Tamil Nadu, India.
2. Assistant Professor, Department of Physiology, Meenakshi Medical College and Research Institute, Kanchipuram, Tamil Nadu, India.
3. Assistant Professor, Department of Physiology, Madha Medical College, Chennai, Tamil Nadu, India.
4. Medical Student, Madha Medical College, Chennai, Tamil Nadu, India.
NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. VP Sundaravadivel,
Assistant Professor, Department of Physiology, Meenakshi Medical College and Research Institute,
Enathur-631552, Kanchipuram, Tamil Nadu, India.
E-mail: vpsundaravel@gmail.com
Financial OR OTHER COMPETING INTERESTS: None.

4

Date of Submission: Jan 25, 2019
Date of Peer Review: Feb 13, 2019
Date of Acceptance: Mar 26, 2019
Date of Publishing: May 01, 2019

Journal of Clinical and Diagnostic Research. 2019 May, Vol-13(5): CC01-CC04

