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ABSTRACT

Background Patients with severe atherosclerosis have
been found to exhibit considerable changes in blood
pressure (BP) between arms. The objective of our study
was to investigate the predictive value of interarm blood
pressure difference (IABPD) for coronary artery disease
(CAD) severity.

Methods It was a cross-sectional study conducted in

the Department of Cardiology, Chittagong Medical College
Hospital, Chattogram from May 2020 to November 2020.
The study conveniently selected 110 individuals who
visited the department for a coronary angiography during
the study period. The BP of both arms were synchronously
measured 1-2 days before the coronary angiography and
IABPD were calculated. After coronary angiography, two
blinded interventional cardiologists visually estimated the
amount of coronary artery obstruction and determined the
Gensini score.

Results Among the participants, more than three-fourths
of the patients were above 50 years of age (64.66%), and
the majority were male (86.67%). 14.7% of participants
had no occlusion in their coronary artery, 38.0% of
participants had insignificant occlusion, 26.7% participants
had mild occlusion, 10.3% participants had moderate
occlusion, 3.3% participants had significant occlusion and
6.0% participants had total occlusion. Corrected pulse
IABPD (clABPDpulse) showed the greatest area under the
receiver operating characteristic curve (0.73) for predicting
a high Gensini score (>median). Multiple regression
analysis revealed a significant relationship between
corrected systolic IABPD (clABPDsys) and the Gensini
score (B=0.057, p<0.001).

Conclusion The differences in BP between the arms were
found to be having a strong positive correlation with CAD
severity.

INTRODUCTION

Osler initially defined the interarm blood
pressure difference (IABPD) in 1915, since
then this easily obtained noninvasive param-
eter is being practised all over the globe.?® In
contrast to the right artery, the left subclavian
artery forms an acute angle at its origin from
the aorta, resulting in decreased blood flow.
Consequently, right arm blood pressure (BP)
is typically greater than left arm BP, leading
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Significant inter-arm blood pressure (BP) difference
is present in patients with advanced atherosclerosis.

WHAT THIS STUDY ADDS

= Corrected inter-arm pulse pressure difference and
corrected inter-arm systolic BP difference are better
in predicting coronary artery disease severity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Results from our study should help raise awareness
among the physicians to practise simultaneous BP
measurement in both arms, especially in the coro-
nary artery disease patents.

in IABPD." As a clinical recommendation
for hypertensive condition, an IABPD less
than 10 mm Hg is regarded to be normal.’
In patients with advanced atherosclerosis,
however, significant arm-to-arm changes in
BP have been found.’

Ischaemic heart illnesses are among the
leading causes of death on a global scale,
although the relationship between IABPD
and coronary artery disease (CAD) remains
poorly understood.” TABPD with systolic BP
(SBP) more than 5 or 10 mm Hg was an inde-
pendentfactor of unfavourable cardiovascular
outcome and all-cause mortality, according to
a cohortanalysis of people without a history of
cardiovascular disease.® Patients with a higher
IABPD SBP seemed to have a greater rate of
CAD and cerebrovascular disease, as well as a
higher 10-year cardiovascular risk, according
to a different prospective study (CoCoNet)
involving 3699 participants.” Sixty-three per
cent of patients with IABPD of 15mm Hg or
higher had CAD involving at least one coro-
nary artery, and 83% of those patients with
CAD had multivessel CAD, according to a
study that examined the association between
IABPD and CAD in 283 patients who had
coronary angiography.10 However, seven
further investigations found no significant
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relationship between pre-existing CAD and IABPD, while
other prospective studies found that an IABPD of 10 mm
Hg or above increased the development of CAD (despite
the fact that these investigations were restricted by the
use of non-invasive methods of diagnosis).” ' '*

The purpose of this study was to evaluate the link
between IABPD and CAD severity in order to establish
IABPD as a predictor of CAD severity. Findings from our
research can help establish the role of IABPD as a tool
for assessing atherosclerotic severity of CAD and thus
help prevent the progression of atherosclerosis by aggres-
sive risk factor interventions and reduce cardiovascular
mortality.

MATERIALS AND METHODS

Study design and study participants

This cross-sectional investigation was carried out between
May 2020 to November 2020 at the Department of
Cardiology, Chittagong Medical College Hospital. All
the patients (213) visiting the department for coronary
angiography during the study period were conveniently
approached for enrollment in the study. Since this study
was conducted during the COVID-19 pandemic, patients
attending the department were lower compared with the
prepandemic period. Sixty-six patients did not consent
to enter the study, and 37 patients with a history of revas-
cularisation, congenital heart disease, significant valvular
heart disease, peripheral artery disease, atrial fibrillation,
cardiomyopathy and aortic coarctation were excluded
from the study (figure 1).

Operational definitions

Patients were diagnosed with hypertension if they had a
‘persistent rise in SBP >2140mm Hg and/or diastolic BP
(DBP) 290mm Hg for at least two occasions, or if they
were using antihypertensive medication or had a history

Identification [

Excluded (n=93)
e Meeting exclusion
Exclusion criteria (n=37)
e Declined to participate
(n=66)

Inclusion [

Assessed for eligibility (n=213)

Included in the study (n=110)

I

Completed interview (n=110)

I

Analysed (n=110)

|
Follow-Up J [
=

Figure 1 Strengthening the Reporting of Observational
Studies in Epidemiology flow chart of study participants.

A total of 213 individuals were approached for enrolment.
Ninety-three individuals were eliminated because they did
not match the inclusion requirements, leaving 110 as the final
sample size.
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of hypertension’."” Patients were diagnosed with diabetes
if they had a ‘history of diabetes or used antidiabetic medi-
cations, or if their fasting plasma glucose was >126 mg/
dL or 2hours after fasting plasma glucose was 2200 mg/
dL, or if their glycated hemoglobin (HbAlc) was >6.5%,
or if they exhibited classic symptoms of hyperglycaemic
or hyperglycaemic crisis, and their random plasma
glucose was >200mg/dL (>11.1mmol/L)’."* Dyslipi-
daemia was diagnosed if the patient had ‘total cholesterol
above 200 mg/dL, low-density lipoprotein (LDL) choles-
terol above 130mg/dL, high-density lipoprotein (HDL)
cholesterol below 40 mg/dL (>1.0mmol/L) in males and
50mg/dL (>1.3mmol/L) in women, triglycerides above
150mg/dL (>1.7mmol/L), or was taking lipid-lowering
therapy’.'” Unstable angina is chest discomfort or pain
resulting from inadequate blood and oxygen supply
to the heart.'” Non-ST-elevation myocardial infarction
(NSTEMI) is diagnosed in patients with acute coronary
syndrome-like symptoms and elevated troponin levels,
but no STEMI-like ECG abnormalities.'® STEMI is clin-
ically diagnosed when there is new (or increased) and
sustained ST-segment elevation in at least two contig-
uous leads of >1 mm in all leads, excluding leads V2-V3
for which the following cut-off points apply.'” Current
smoker, smoking cigarettes within 1 month of this admis-
sion; recent smoker, quit between 1month and lyear
before this admission; past smoker, quit greater than
lyear before this admission; non-smoker, never smoked
cigarettes.18

Measurement of arm BP and IABPD

BP were measured 1-2days prior to coronary angiog-
raphy. Patients rested for at least 5min prior to having
their BP taken with an aneroid sphygmomanometer
(ALPK2 500V, Japan) in both arms simultaneously, which
was valid and properly calibrated. The bladder cuff was
an appropriate size and can encompass more than two-
thirds of the arm. Before the procedure, tight clothes
were removed, and the arm was sustained at the heart
level. Two measurements were recorded at 2min inter-
vals. Mean pressure was calculated as, one-third times
SBP added with two-thirds times DBP and pulse pressure
was calculated as the difference between SBP and DBP.
In order to account for the significance of baseline BP,
the IABPD was measured as the change in BP between
the two arms and corrected (cIABPD) by calculating the
proportion arm with the higher BP.

Assessment of CAD severity

With the aid of coronary angiography data, two interven-
tional cardiologists visually estimated the extent of coro-
nary artery obstruction in each patient. The interven-
tional cardiologists were approached conveniently from
the same department. After informing about the aims and
objectives of the study, they voluntarily contributed to the
study. The profiles of the patients were concealed from
the cardiologists. Using the data, they subsequently eval-
uated the Gensini score. The Gensini score was devised
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in 1975 to quantify the severity of CAD by considering
the geometrical severity of a lesion as assessed by angiog-
raphy, the cumulative effect of several blockages, and the
significance of the myocardium at risk.'” Each lesion was
assigned a value based on the proportion of stenosis: 25%
stenosis was ranked 1, 50% stenosis was ranked 2, 75%
stenosis was tanked 4, 90% stenosis was ranked 8, 99.9%
stenosis was ranked 16 and 32 was assigned for total occlu-
sion. This score was then multiplied by a value based on
the site of the affected section (ie, the lowest value 0.5
was assigned left circumflex arterial artery, posterolat-
eral branch and second diagonal artery, 1 was assigned
for right coronary artery, obtuse marginal branches as
well as first diagonal branch, 1.5 assigned for middle left
descending artery, 2.5 for left circumflex artery and prox-
imal left anterior descending branch, the highest point 5
was assigned for left main coronary artery). The Gensini
score is then determined by adding the scores for coro-
nary stenosis degree and lesion site.

Statistical analysis

For data analysis, we used Stata (V.16; StataCorp). Using
a histogram, a normal Q-Q plot and the Kolmogorov-
Smirnov test, the normality of continuous data was deter-
mined. Due to the positively skewed distribution of the
Gensini score, the original score was transformed as In
(original Gensini score +1) in order to be included in
the study. As a measure of the centre of quantitative data,
the arithmetic mean was used, while the SD was used as
a measure of dispersion. We summarised qualitative data
using frequency and relative frequency. Student’s t-test
was performed to determine the significance of the differ-
ence between the two arms’ mean BP values. Pearson’s
correlation analysis was used to analyse the association
between the Gensini score and IABPD parameters. We
also computed receiver operating characteristic (ROC)
curves to predict a high Gensini score, and then used the
DeL.ong method to determine differences between ROC
curves for various IABPD. Simple and multiple linear
regression model was fit using the Gensini score as the
outcome variable to investigate the role of IABPD param-
eters and other associated factors. A two-tailed p<0.05 was
regarded as statistically significant. Our dataset did not
have any missing data. All reporting conformed to the
Strengthening the Reporting of Observational Studies in
Epidemiology standards.*

RESULTS

Most respondents were males (94%), aged between 51
and 60 years (36.36%), living predominately in the urban
areas (60.91%). Almost all of the respondents demon-
strated aright-hand dominance (95.45%). The majority of
responders had no history of CAD (69.09%). The majority
of the responders were currently smoking (34.55%) or
had a history of smoking (29.09%). Most of the respond-
ents did not have a history of diagnosed comorbidities
including diabetes mellitus (76.36%), hypertension

(57.27%) and dyslipidaemia (70%). The respondents’
diagnosis during the study revealed that the majority had
unstable angina 52.72%, with NSTEMI being the second
common (28.18%). An abnormality of fasting blood
glucose was found to be in most of the respondents, with
impaired glucose (30.00%) and diabetes (24.55%). The
distribution of lipid profiles of the respondents revealed
majority portion of the respondents had a normal level
of cholesterol (72.73%), LDL (69.09%), HDL (91.00%)
and triglyceride (57.27%). Most of the respondents had
some level of CAD, with a majority having an insignificant
block (40.00%). More than half the patients had elevated
SBP in the right arm (50.91%) and SBP in the left arm
was normal in most of the patients (51.82%). DBP was
mostly normal in both hands (56.36%) (table 1).

Moreover, a statistically significant difference was
discovered between the right and left hand in diastolic
(p=0.04) and pulse pressures (0.01) (figure 2).

Between normotensive and hypertensive participants,
the correlation between IABPD measures and Gensini
score was studied (table 2).

All the TABPD parameters positively correlated with
the Gensini score(figure 3); all of them were found to
be highly statistically significant in case of normoten-
sive patients (p<0.05). However, in case of hyperten-
sive patients CIABPDsys (p<0.01), cIABPDpulse(p<().Oll),
IABPD_ (p<0.013) and IABPD _ —~(p<0.008) constituted
statistical significance.

To investigate the factors related with Gensini
score, a linear regression model was used (table 3).
The univariate model revealed significant association
between gender (p<0.01), diabetes mellitus (p<0.004),
hypertension (p<0.001), dyslipidaemia (p<0.007),
cIABPD_ (p<0.001), cIABPD__ ~ (p<0.07) and cIABP-
Dpulse(p<0.001). The model showed that males tend to
score 3.2% higher than females, hypertensive 31.5% than
normotensive, diabetic 4.9% than non-diabetic, dyslipi-
daemic 17.2% than normal lipid level, higher cIABPD_
95% than lower, higher cIABPD__  96% than lower and
higher cIABPD 94% than lower. However, in a multi-
variate model only hypertension (p<0.001) and cIAB-
PD_ (p<0.001) retained their significance. The model
demonstrated that hypertensive respondents had 12.2%
chance higher than normotensive and increased cIAB-
PD . had 94.3% higher chance of having higher value in

Gensini score.

DISCUSSION

This was one of the first studies, to the best of the
researchers’ knowledge, to attempt to explore the rela-
tionship between the risk of developing CAD and the
Gensini score in the setting of Bangladesh. While the
prevalence of CAD has increased significantly among
the Bangladeshi population in recent years, few studies
have been undertaken to create or apply a system for
disease identification earlier.”!

Das S, et al. Open Heart 2022;9:€002063. doi:10.1136/openhrt-2022-002063



I

Open Heart

Table 1 Background information on study participants Table 1 Continued
(n=110) Variables Frequency
Variables Frequency ]
Borderline 83(75.45%)
o )
Cg:rs)lstrlbutlon (in <40 14(12.72%) i 26(23.64%)
41-50 24(21.81%) Triglyceride Normal 63(57.27%)
5160 42(36.36%) Borderline 19(17.27%)
<60 30(27.27%) Raised 28(25.45%)
o Male 94(85.45%) Diagnosis Unstable Angina 58(52.72%)
Female 16(16.55%) Sl Loz
0,
Residential status Urban 67(60.91%) NSTEMI 31(28.18%)
Rural 43(39.09%) Stable angina  10(9.09%)
Hand dominance Right 105(95.45%) Presence and No block 17(15.45%)
extent of coronary
Left 5(4.55%) artery disease
History of Yes 34(30.9%) Insignificant ~ 44(40%)
g?;gg:;y artery Mild 30(27.27%)
No 76(69.09%) Moderate 12(10.9%)
Smoking history Current smokers 38(34.55%) Significant 3(2.73%)
Ex-smokers  32(20.09%) Gl U
Never 40(36.36%) Total block 3(2.73%)
Comorbidities Diabetes mellitus ~ Yes 26(23.64%) STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-
elevation myocardial infarction; LDL, low-density lipoprotein;
No 84(76.36%) HDL, high-density lipoprotein.
Hypertension Yes 47(42.73%)
No 63(57.27%) . , . ..
e— v T The difference between arms’ BP is one such critical
yslipidaemia o (30%) diagnostic and prognostic factor. Our study discovered
No 77(70%) a significant difference in diastolic and pulse pressures
Systolic blood Right sided Normal 54(49.09%) between the two arms. Among the participants in our
DIESSUIE study, 57 (51.82%) participants had normal IABPD
Raised 56(50.91%) and 53 (48.18%) participants had raised (>10mm Hg)
Left sided Normal 57(51.82%) IABPD. Extensive research has been undertaken to gain
- 53(48.18%) a better understanding of the clinical importance of
Diastolic blood  Right sided Normal 62(56.36%) interarm B, both systolic and diastolic, with the differ-
pressure ence generally being greater in the right than in the
Raised 48(43.64%) left.** This was mostly owing to the acute angle formed
o by the left subclavian artery, which reduced blood flow
Left sided Normal 62(23.64%)
Raised 48(76.36%)
Fasting blood Normal 50(45.45%) "
sugar difference 160
Impaired 33(30%) 140
glucose 50 *p=0.04
tolerance —
Diabetes 27(24.55%) 21 =001
Lipid profile of the Cholesterol Normal 80(72.73%) -
participants 60
Borderline 15(13.64%) 40
Raised 15(13.64%) 20
LDL Normal 76(69.09%) 0
Systolic Diastolic Mean Pulse
Borderlne  10(9.09%) ’ . \
ERight Arm ®Left Arm
Raised R Figure 2 Blood pressure measurements of study
HDL Normal 1(0.91%) participants. Significant difference between the both arms
Continued (p<0.05) is highlighted with an asterisk (*).
4 Das S, et al. Open Heart 2022;9:€002063. doi:10.1136/0penhrt-2022-002063
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Table 2 Correlation of Gensini score and IABPD
parameters

Normotensive (n=63) Hypertensive (n=47)

R P value R P value
cIABPDSys 0.467 <0.001* 0.374 .010*
CIABPD,, 0.364 0.003* 0.131 0.381
CIABPD 0.415 <0.001* 0.119 0.426
CIABPD ., 0.489 0.000* 0.370 011
IABPD_ 0.485 <0.001* 0.358 .013*
IABPD,, 0.404 0.001* 0.113 0.451
IABPD__ 0511 <0.001* 0.384 008"
IABPD 0.447 <0.001* 0.104 0.487

pulse

*P<0.05

clABPDdia, corrected diastolic IABPD; clABPDmean, corrected mean
IABPD; clABPDpulse, corrected pulse IABPD; clABPDsys, corrected
systolic IABPD; IABPD, interarm blood pressure difference; IABPD,
interarm blood pressure difference; IABPDdia, diastolic IABPD;
IABPDmean, mean IABPD; IABPDpulse, pulse IABPD; IABPDsys,
systolic IABPD.

and, consequently, BP, in comparison to the right.23
Consistently, research has revealed that an increase
in IAD difference is associated with an increase in
cardiovascular morbidity and mortality,8 2125 a5 well as
a possible prognostic factor.”* A greater difference of
5-10mm Hg was particularly consistent with a greater
risk for the patients.8

Further analysis of the relationship between the
Gensini Score and IABPD parameters between the
normotensive and hypertensive respondents revealed
a significant correlation of all IABPD parameters
among the normotensive patients. However, cIABPD
cIABPDpulse, IABPDsys and IABPD__  was found to

el
[
f=}
z
g2 Q
s a4
4 o
3
w
el
N_
I=
Q‘ T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity
cIABPDsys cIABPDdias
cJABPDmean cIABPDpulse
***** Reference

Figure 3 Comparison of receiver operating characteristic
(ROC) curve for clABPDsys: clABPDdia, clABPDmean and
clABPDpulse to predict high (>median (25.25)) Gensini
Score. Area under the ROC curves for clABPDsys: 0.69,
clABPDdia:0.62, clABPDmean: 0.61, and clABPDpulse:
0.73. clABPDpulse, corrected pulse interarm blood pressure
difference.

be significant for both groups. These results align
with those of a previous study done by Park et al, who
recognised cIABPD__had 51gn1f1cant correlation with
severity of coronary diseases.” This correlation can
help physicians identify and manage the vulnerable
risk groups.

Lastly, a regression analysis was conducted to deter-
mine the impact of various variables on the Gensini
score. The univariate model predicted that those of
female gender, hypertensive, diabetic, dyslipidaemic,
had higher values of cIABPD,  and cIABPD were
in higher risk compared with their counterparts. This
correlation can be explained by the fact that the Gensini
score was developed to measure the risk of CAD based
on arterial stenosis.'’ The factors mentioned above are
usually associated with increased incidence of vascular
insults in various mechanisms and increases the risk of
CADs. For example, whereas CAD has historically been
regarded as a male-prevalent disease, accumulating
data indicates that women, particularly after meno-
pause, are at an increased risk of getting CAD.* Hyper-
tension is one of the strongest risk factors that may
be modified for CAD, being the strongest predictor in
childhood and adolescence. Hypertension harms the
blood vessels in a variety of ways, including acting as a
physical force for the development of atherosclerosis,
which may lead directly to the development of late-
onset obstruction, hence raising the risk of CAD.?’
Diabetes mellitus is significantly related to CAD, with
a twofold to fourfold increase in risk compared with
non-diabetic controls. Through metabolic disorders
such as hyperglycaemic and dyslipidaemia, DM may
directly harm endothelial cells and smooth muscles.
On the other hand, dyslipidaemia has long been
recognised as a primary and independent risk factor
for CAD, even as a necessary condition for developing
CAD. It has been established that dyslipidaemia is the
initial risk factor contributing to the onset of CAD
before other risk factors take action.” As each compo-
nent independently or in combination increases the
likelihood of having CAD, they are associated with a
higher Gensini Score.

However, in a multivariate model, only hypertension
(p<0.001) and cIABPD__ (p<0.001) exhibited statistically
significant results. According to the model, hypertensive
respondents had 12.2% higher chance than normoten-
sive and increased cIABPD had 94.3% higher chance
of having a higher value in the Gensini score. Park et al
also found Hypertension to be a significant predictor
of Gensini score.” The variation in the results might be
attributed to the variation in sample size.

The precise mechanism of IABPD is unknown, however,
the link between IABPD and CAD suggests that atypical
alterations like luminal constriction (atherosclerosis)
and vascular rigidity (arteriosclerosis) are related.”*

The study has some limitations. BP were only tested
once, however, data showing repeated BP measures lower
the variance in IABPD by 30%”' and boost repeatability.*

Das S, et al. Open Heart 2022;9:€002063. doi:10.1136/openhrt-2022-002063



Open Heart

I

Table 3 Univariate and multivariate analysis of factors associated with the Gensini score

Univariate model

Multivariate model*

Variables Coeff. 95% ClI P value Coeff. 95% ClI P value
Age 0.015 —0.01210 0.043 0.26
Gender .01 .047
Female Ref. Ref.
Male 1.032 0.257 t0 1.808 —-0.808 —-1.606 to —0.01
BMI 0.043 —0.007 t0 0.094 .09 0.013 —0.031 10 0.057 0.57
DM 0.951 0.31210 1.59 .004 -0.075 —0.751 10 0.601 0.826
Hypertension 1.315 0.803 t0 1.828 <0.001 1.122 0.604 to 1.641 <0.001
Dyslipidaemia 0.828 0.233 t0 1.423 .007 0.237 —0.381 10 0.855 0.449
Smoking
Never Ref.
Past smoker 0.115 —0.588100.818 0.74
Current smoker 0.277 —0.394 10 0.949 0.41
ClABPD, 0.05 0.032 t0 0.085 <0.001 0.057 0.032 t0 0.083 <0.001
CIABPD,, 0.034 —0.014 10 0.084 0.03
CIABPD 0.040 —0.003 t0 0.084 0.07
clABPD 0.06 0.032t0 0.078 <0.001

pulse

*In the multivariate model, we entered variables with a p value of <0.2 in the univariate analysis.
BP, blood pressure; clABPD, corrected interarm blood pressure difference; clABPDdia, corrected diastolic IABPD; clABPDmean, corrected mean
IABPD; clABPDpulse, corrected pulse IABPD; clABPDsys, corrected systolic IABPD; DM, diabetes mellitus.

Since this was a cross-sectional study, we couldn’t
establish causality for the associations that we presented
in this study. We performed multiple linear regres-
sion to adjust for the possible confounders. In future
prospective investigations, the measurement of central
BP via cardiac catheterisation, which is more clinically
relevant to cardiovascular illness, may be required
to validate our findings. Nonetheless, according to
a number of studies, numerous measures were not
always reproducible, and a single reading is sufficient
for IABPD screening. Standard simultaneous and auto-
mated measurement of BP in both arms mitigates the
potential impacts of BP variations, cuff-response bias
(white coat effect), observer bias, and digit prefer-
ence. Consequently, despite various limitations, our
findings continue to support the notion that IABPD
may be a useful therapeutic measure. Additionally,
the study sample should be diversified and increased
in future studies to ensure that the conclusions are
generalisable.

CONCLUSION

IABPD was found to correlate significantly with the
severity of CAD in our study. However, the guideline
of measuring both arms during the initial assessment
of high BP is not commonly practised by the general

practitioners.” Therefore, results from our study
should help raise awareness among the physicians to
practise simultaneous BP measurement in both arms,
especially in the CAD patients. Future studies with a
more diverse population can aid in the development
of methods for the clinical implementation of these
findings.
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