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Interarm Blood Pressure Difference, Pulse Pressure, and Mean
Arterial Pressure as Predictors of Cardiovascular Disease Risk
in Young Adults
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Background and Aim: Most recommendations on blood pressure (BP) measurement and hypertension have stated that BP should be measured
in both arms and that the hand with the highest value should be used for subsequent measurements. It has been suggested that differences in
the right and left arm pressures may be caused by undiagnosed peripheral vascular disease affecting the vasculature of upper limbs and may,
therefore, predict an increased risk of cardiovascular disease. Methods: Simultancous bilateral brachial BP measurements were taken after
10 min resting period in supine position; three BP measurements were taken simultaneously and automatically using a validated automatic
oscillometric device (Microlife WatchBP office) at 1 min interval. Results: There were 22, 19, and 9 participants with interarm systolic BP
difference of <5 mmHg, 5-9 mmHg, and >10 mmHg, respectively. Out of the total 50 participants, 29 (58%) had a positive family history
of HTN/diabetes mellitus (DM). There was a positive association (P < 0.05) between interarm systolic BP difference >10 mmHg and positive
family history of HT/DM. A statistically nonsignificant correlation was observed between basal metabolic index (r = 0.04), pulse pressure (r
=-0.07), and mean arterial pressure ( = 0.23) with interarm systolic BP difference of both arms. Conclusion: The presence of interarm BP
difference >10 mmHg and positive family history of hypertension and diabetes has a prognostic value in predicting cardiovascular events.
Hence, in primary care setting, BP should be measured routinely in both arms using automated oscillometric device.
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INTRODUCTION diagnosis and undertreatment of hypertension.l®! It has been
suggested that differences in the right and left arm pressures
may be caused by undiagnosed peripheral vascular disease
affecting the vasculature of upper limbs and may, therefore,
predict an increased risk of cardiovascular disease. In a recent
meta-analysis of twenty studies, a systolic BP difference
of >15 mmHg between the right and left arm was associated
with 2.5-fold greater risk for peripheral vascular disease, a
1.7-fold increase in cardiovascular mortality, and a 1.6-fold

The interarm difference in blood pressure (IADBP) has
received attention globally was discovered by Osler in 1915,
who noted first.'! Most recommendations on BP measurement
and hypertension have stated that BP should be measured in
both arms and that the hand with the highest value should be
used for subsequent measurements.” IADBP is recommended
by numerous guidelines to be performed at each first visit. This
is because significant [ADBP may indicate the presence of
congenital heart disease, peripheral vascular disease, unilateral Address for correspondence: Dr. Manish Kumar Verma
neurological, musculoskeletal abnormalities, or aortic Department of Physiology, Dr. Ram Manohar Lohia Institute of Medical
dissection. However, even when the IADBP has seemingly Sciences, Vibhuti Khand, Gomti Nagar,
no pathological background, relevant IADs (>10 mmHg) are Lucknow - 226 010, Uttar Pradesh, India.
still important to know, as office measurements consequently E-mail: drmanish24@gmail.com
performed at the arm with lowest BP can lead to a wrong
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higher risk of all-cause death.'*! BP is also characterized by
its pulsatile and steady components. The pulsatile component,
estimated by pulse pressure (PP), represents BP variation and
is affected by left ventricular ejection fraction, large artery
stiffness, early pulse wave reduction, and heart rate. The
steady component, estimated by mean arterial pressure (MAP),
is a function of left ventricular contractility, heart rate, and
vascular resistance and elasticity averaged over time.>) PP is
amajor independent predictor of cardiovascular morbidity and
mortality in both hypertensive and normotensive populations.
Prior studies have shown that PP reflects increased large
artery stiffness and is a risk factor for both cardiovascular and
cerebrovascular events.

The present study was aimed at a reappraisal of the possible use
of an IADBP, PP, and MAP as an indicator of cardiovascular
disease risk in young adults with no previous history of
cardiovascular disease and events.

MareriaLs AND METHODS

A cross-sectional study was designed and carried out at
the Department of Physiology, Hind Institute of Medical
Sciences, Safedabad, Barabanki, UP, India, among 1*-year
MBBS students aged between 18 and 30 years. A total
of 50 students were randomly selected for the study after
approval by the Institutional Ethics Committee. After taking
verbal consent and explaining the purpose of the study,
anthropometric measurement including height, weight, and
basal metabolic index (BMI) was recorded. The family history
of diabetes, hypertension, and other chronic diseases also
recorded. Simultaneous bilateral brachial BP measurements
were taken after 10 min resting period in supine position;
three BP measurements were taken simultaneously and
automatically using a validated automatic oscillometric device
(Microlife WatchBP office)!”! at 1 min interval.

For the purpose of this analysis, the IADBP was calculated
as the difference in the average value of all three systolic BP
and diastolic BP between the right and the left arm as interarm
difference in systolic BP and interarm difference in diastolic
BP. PP and MAP values were also recorded automatically
from the same device.

Statistical analysis of data

The data were collected on a predesigned schedule and entered
into Microsoft excel data sheet for subsequent analysis.
Subsequent analysis of the data was performed using Stata 13.0,
Stata corp LLC, Texas, USA. The percentage was expressed
for categorical variables and mean =+ standard deviation was
calculated for continuous variables. Correlation between
two continuous variables was plotted on scatter plots and
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subsequently “7” was calculated.

ResuLts

A total of fifty healthy participants with mean age of
20.7 years (range: 18-30 years) were included in the study.

Systolic BP on the two arms was 126.08 + 11.20 mmHg and
122.7+ 12.0 mmHg on the right and left arm, respectively, and
diastolic BP was 77.26 + 8.84 mmHg and 75.70 + 8.65 mmHg
on the right and left arm, respectively [Table 1]. Results
significantly showed higher mean systolic BP on the right arm.

There were 22, 19, and 9 participants with interarm systolic
BP difference of <5 mmHg, 5-9 mmHg, and >10 mmHg,
respectively [Table 2]. Out of the total 50 participants,
29 (58%) had a positive family history of HT/diabetes
mellitus (DM), while 21 (42%) had no family history of
HT/DM. There was a positive association (P < 0.05) between
interarm systolic BP difference >10 mmHg and positive family
history of HT/DM [Figure 1].

A statistically nonsignificant correlation (» = 0.04) was
observed between BMI and interarm systolic BP difference
of both arms [Figure 2].

Similarly, statistically nonsignificant correlation was
observed between interarm systolic BP difference with PP
(r=-0.07) [Figure 3] and MAP (r = 0.23) [Figure 4].

Discussion

The present study showed that systolic BP is slightly higher
in the right arm than in the left arm. This finding was similar
to the observation in studies by Kurian®™ and Singer and
Hollander.”! This may be due to right-handedness of majority
of participants. The larger muscle mass in the right arm is
less easily compressed by BP cuff. The present study showed

Table 1: Association of subjects with blood pressure and
inter-arm pressure

Parameters Values

Mean systolic BP

Right arm 126.08+11.20 mmHg

Left arm 122.7+12.0 mmHg
Mean diastolic BP

Right arm 77.26+8.84 mmHg

Left arm 75.70+8.65 mmHg

Interarm systolic BP difference

<5 mmHg 22 subjects
5-9 mmHg 19 subjects
>10 mmHg 9 subjects

BP: Blood pressure

Table 2: Association of systolic blood pressure difference
=10 mmHg and positive family history of hypertension
and diabetes mellitus

Systolic BP difference Family history of HTN/DM (%) Total

=10 mmHg Yes (29) No (21)

No 20 (69.0) 21 (100.0) 41
Yes 9 (31.0) 0 9
Total 29 21 50

Fisher’s exact=0.006. HTN: Hypertension, DM: Diabetes mellitus,
BP: Blood pressure
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Figure 1: Correlation between positive family of hypertension and diabetes
mellitus and SBPD =10 mmHg
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Figure 3: Correlation between interarm systolic blood pressure difference
and pulse pressure

the prevalence of raised interarm systolic BP 18%. Interarm
BP differences have been evaluated by several investigators.
However, the prevalence rate varied considerably between
studies. For example, Singer and Hollander® and Agarwal
et al.' found systolic BP difference that exceeds 10 mmHg
in 40% and 30% of patients, respectively. In contrast, Kurian®
had found the prevalence rate for raised interarm systolic BP
difference in 16.5% of participants, which is similar to our
report. In this study, nine participants have found interarm BP
difference >10 mmHg with having a positive family history
of hypertension and diabetes. Similarly, several small and
large prospective studies in cohorts of selected participants
previously described an association between IADBP and both
all-cause and cardiovascular mortality.>!"!3 The presence of
IADBP >10 mmHg is a significant and independent predictor
of future cardiovascular events according to longitudinal
analysis. In a number of previous studies, IADBPs were
determined by measuring BP in each arm sequentially, not
simultaneously, as unilateral cuff inflation to measure BP
increases the BP values in contralateral arm. In this study, we
used automatic device with two identical cuffs, which gives
the opportunity of performing the most accurate simultaneous
double arm measurements of BP. In this study, we found that
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and basal metabolic index
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Figure 4: Correlation between interarm systolic blood pressure difference
and mean arterial pressure

BMI and interarm BP difference nonsignificantly associated,
whereas Tokitsu et al.,['¥ Zhang et al.,/'*1 and Maeda
et all' observed that BMI is significantly associated and
an independent predictor of IADBP >10 mmHg. Similarly,
statistically nonsignificant correlation was observed between
interarm systolic BP difference with PP and MAP. A cohort
study by Clark et al.l' found that magnitude of IADBP is
positively associated with PP.

CoNncLusIOoN

The presence of interarm BP difference >10 mmHg has a
prognostic value in predicting cardiovascular events. Hence,
in primary care setting, BP should be measured routinely in
both arms using automated oscillometric device.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Sharma B, Ramawat P. Prevalence of inter-arm blood pressure difference
among clinical out-patients. Int J Health Sci (Qassim) 2016;10:229-37.

2. Mehlsen J, Wiinberg N. Interarm difference in blood pressure:
Reproducibility and association with peripheral vascular disease. Int J
Vasc Med 2014;2014:841542.

International Journal of Clinical and Experimental Physiology | Volume 5 | Issue | | January-March 2018 -




9.

Verma, et al.: Predictors of cardiovascular disease risk in young adults

Verberk WIJ, Kessels AG, Thien T. Blood pressure measurement
method and inter-arm differences: A meta-analysis. Am J Hypertens
2011;24:1201-8.

Verma NS, Raju S, Kumar P, Kumari R, Bhardwaj K. Inter arm systolic
blood pressure difference is associated with a high prevalence of cardio
vascular diseases. Int J Res Med Sci 2016;4:1177-80.

Sesso HD, Stampfer MJ, Rosner B, Hennekens CH, Gaziano JM,
Manson JE, et al. Systolic and diastolic blood pressure, pulse pressure,
and mean arterial pressure as predictors of cardiovascular disease risk in
men. Hypertension 2000;36:801-7.

Bangalore S, Messerli FH, Franklin SS, Mancia G, Champion A,
Pepine CJ, et al. Pulse pressure and risk of cardiovascular outcomes in
patients with hypertension and coronary artery disease: An International
Verapamil SR-trandolapril Study (INVEST) analysis. Eur Heart J
2009;30:1395-401.

Stergiou GS, Lin CW, Lin CM, Chang SL, Protogerou AD, Tzamouranis D,
et al. Automated device that complies with current guidelines for office
blood pressure measurement: Design and pilot application study of the
Microlife WatchBP office device. Blood Press Monit 2008;13:231-5.
Kurian S, Manjula VD, Joseph RP. Prevalence of raised inter-arm BP
difference in young healthy adults-A cross sectional study. NJMR
2016;6:5-8.

Singer AJ, Hollander JE. Blood pressure. Assessment of interarm
differences. Arch Intern Med 1996;156:2005-8.

10. Agarwal R, Bunaye Z, Bekele DM. Prognostic significance of

.International Journal of Clinical and Experimental Physiology | Volume 5 | Issue | | January-March 2018

between-arm blood pressure differences. Hypertension 2008;51:657-62.

. Clark CE, Taylor RS, Shore AC, Campbell JL. The difference in blood

pressure readings between arms and survival: Primary care cohort study.
BMJ 2012;344:e1327.

. Aboyans V, Criqui MH, McDermott MM, Allison MA, Denenberg JO,

Shadman R, et al. The vital prognosis of subclavian stenosis. J Am Coll
Cardiol 2007;49:1540-5.

. Weinberg I, Gona P, O’Donnell CJ, Jaff MR, Murabito JM. The systolic

blood pressure difference between arms and cardiovascular disease in
the Framingham heart study. Am J Med 2014;127:209-15.

. Tokitsu T, Yamamoto E, Hirata Y, Fujisue K, Sugamura K, Maeda H,

et al. Relationship between inter-arm blood pressure differences and
future cardiovascular events in coronary artery disease. J Hypertens
2015;33:1780-9.

. Zhang X, Liu JJ, Sum CF, Ying YL, Tavintharan S, Li N, et al.

Ethnic disparity in Inter-arm systolic blood pressure difference and
its determinants among Asians with type 2 diabetes: A cross sectional
study. J ASEAN Fed Endocr Soc 2016;31:81-5.

. Maeda S, Okumura Y, Hara N. Association between systolic blood

pressure difference >10 mmHg and Ankle-Brachial Index. Int J Clin
Med 2016;7:361-9.

. Clark CE, Taylor RS, et al. Inter-arm blood pressure difference and

mortality: A cohort study in an asymptomatic primary care population at
elevated cardiovascular risk. British Journal of General Practice. Online
first 2016;66:¢297-308.




