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Introduction

Background and Aim Menopausal women are at an increasing risk of cardiovascular
diseases due to ovarian failure with estrogen deficiency. Redistribution of fat leading
to abdominal obesity is a risk factor for cardiovascular disease. Dyslipidemia is one of
the risk factors for peripheral artery disease (PAD) and coronary artery disease (CAD).
Prevalence of PAD in women is similar or even higher than men, especially after meno-
pause. ankle-brachial index (ABI) is a gold standard technique to diagnose PAD and
acts as an independent prognostic marker to identify patients with high cardiovascular
risk. This study aims to compare the ABI between pre- and postmenopausal women
and to show that routine use of ABI as a screening tool can be valuable in predicting
mortality and morbidity from heart diseases in peri- and postmenopausal women.
Material and Methods A cross-sectional study was done on a total of 107 women
with no prior medical diseases such as hypertension, diabetes mellitus, cardiovascular
diseases, and history of smoking. Fifty pre- and 57 postmenopausal women were
included in this study. Anthropometric parameters such as height, weight, and
body mass index (BMI) were measured. ABI was calculated by measuring the systolic
pressures at posterior tibial artery and brachial artery, as per the protocols using digital
data acquisition system.

Results BMI in postmenopausal women was significantly higher with p = 0.0023.
Systolic and diastolic blood pressures were significantly higher in postmenopausal
women (p = 0.000001), and ABI was found to be significantly lower in postmenopausal
women particularly on the left side.

Conclusion ABI serves as an efficient indicator of PAD. It becomes necessary to under-
stand the progression of PAD as its presence can increase the risk of mortality and mor-
bidity from CAD. Early diagnosis of cardiovascular disease through simple techniques
such as ABI measurement would provide scope for early interventional strategies.

to estrogen deficiency and abdominal obesity respectively, both
of which are risk factors for cardiovascular disease.® Studies

Cardiovascular diseases are on the rise even in developing
countries such as India.'? In general, premenopausal women
are spared probably due to the cardioprotective role of
estrogen.>> However, women who have attained menopause
are at an increasing risk of cardiovascular disease due to fac-
tors such as ovarian failure and redistribution of fat leading
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on lipid profile in postmenopausal women have shown
alterations in lipid levels within 1 year of the last menstrual
period independent of age.” Previous studies have also shown
that menopausal transition is associated with loss or reduc-
tion in the protective effects of high-density lipoprotein
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(HDL) cholesterol.® Dyslipidemia is one of the established
risk factors for peripheral artery disease (PAD) as well as
coronary artery disease (CAD).° PAD serves as an effective
marker of atherosclerosis, and such patients, in general, have
an increased risk of myocardial infarction, stroke, and even
death.!® Though historically PAD was seen in men, recent
data suggest that the prevalence of PAD in women is similar
or even higher than men,'"* especially after menopause. It
increases the risk of mortality and morbidity from CAD."
Measurement of ankle-brachial index (ABI) is considered
a gold standard technique to diagnose PAD. ABI measure-
ment is a simple, noninvasive test that is a sensitive and
cost-effective tool and is valuable for screening of PAD. ABI
is used as an independent prognostic marker to identify
patients with high cardiovascular risk.'*2! However, very few
studies are done so far particularly in India to show that ABI
measurement could be used as an effective screening tool to
assess cardiovascular risk in postmenopausal women. Hence,
this study was taken up with the following objectives:

1. To compare the ABI between pre- and postmenopausal
women.

2. To show that routine use of ABI as a screening tool can be
valuable in predicting mortality and morbidity from heart
diseases in peri- and postmenopausal women.

Material and Methods

A cross-sectional study was done on a total of 107 women
with no prior medical diseases such as hypertension, diabetes
mellitus, cardiovascular diseases, and history of smoking. Fifty
women aged between 15 and 45 years included in group I, who
were in the premenopausal period and were taken as controls,
and 57 women aged > 45 years were included in group II, who
were in the postmenopausal period and served as cases. Meno-
pause is defined as women with absence of menstrual period for
12 consecutive months. A careful history was taken to exclude
women with any systemic disease, and clinical examination
was done to exclude hypertension. The data were entered into
a data collection format prepared for the study. Blood pressure
(BP) of patients was measured in the supine position after rest-
ing for 5 minutes and three digital readings were taken with Lab
Chart Pro 8.0 (ADInstruments Pty Limited). ABI was measured
using Lab Chart Pro 8.0 in the Department of Physiology. ABI
was measured by taking the ratio of maximum systolic pressure
at the ankle by the maximum systolic pressure at the arm for
which systolic blood pressure (SBP) from both brachial arteries
and posterior tibial arteries of both the lower limbs was mea-
sured after the patient rested in the supine position for at least
10 minutes. It is found to be a specific and sensitive marker for
PAD. An informed consent was taken from all the participants
of the study and the institute’s ethics committee permission
was obtained.

Measurement Protocol
Anthropometry

1. Height was measured to the nearest centimeter using a
stadiometer.
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2. Weight was measured using a digital scale in kilogram.

3. BMI was calculated using the formula weight/height?
(kg/m?). BMI < 25 was considered normal or nonobese and
> 25 was considered being overweight or obese.

The guidelines given by the American Heart Association
were followed while measuring ABI. The patient was made to
rest in the supine position for 10 minutes with the head and
heels supported at a comfortable room temperature. Patients
were instructed to remain still during the measurement.

The ABI kit was designed and standardized by proper
calibration. Two cuffs were connected to a single pressure
transducer to measure the ankle and brachial pressures
simultaneously with single inflation of the cuff that was
connected to the PowerLab system, Lab Chart Pro 8.

1. Measurement of brachial artery pressure—BP cuff
placement: The patient is kept in supine position for
10 minutes. BP cuff is tied on the upper arm just above
the cubital fossa with the limb at the level of the heart.
The phonocardiogram transducer is placed in the cubi-
tal fossa over the brachial pulse and is connected to
PowerLab system.

2. Measurement of ankle pressures—BP cuff placement:
The patient is kept in supine position for 10 minutes.
BP cuff is tied 2 cm above the superior aspect of medial
malleolus. The phonocardiogram transducer is placed
over the posterior tibial artery in the foot and is connected
to PowerLab system.

Calibration of the instrument was done to maintain accu-
racy. Both the BP cuffs of upper and lower limbs were pro-
gressively inflated simultaneously to 20 mm Hg above the
SBP using pressure transducer (ABI kit) of the PowerLab
system 8/35. Then the cuffs were slowly deflated. The BP
channel setup in the lab chart software shows the rise and
fall of pressure waves, and the phonocardiogram channel
shows the Korotkoff sound recordings reflecting the systol-
ic and diastolic pressures. BP was noted from the waveforms
on the lab chart software recordings with comments placed
at appropriate places, and the data were exported onto the
Excel sheet provided with the software. The procedure is
repeated in the opposite limbs. The same sequence of mea-
surements was used for all patients.

The values were entered in the Excel sheet provided with
the software of the PowerLab system.

3. Measurement of BP: Of the three recordings from left
upper limb, the first reading was ignored and the aver-
age of the second and third readings was considered as
the mean SBP and diastolic blood pressure (DBP) of each
patient. The pulse pressure and mean arterial pressure
were then calculated. The values were recorded up to two
decimal places.

4. Calculating ABI: The ABI was calculated for each set of
limbs. ABI value was determined by taking the highest
pressure in the posterior tibial artery, divided by higher
of the two brachial systolic pressures (between the second
and third readings) from each upper limb.?? The ABI values
were recorded up to two decimal places. The lower of the
two values was taken as the final ABI result for the patient.
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Interpretation

The normal cutoff values for ABI, adopted by most studies,
are between 0.9 and 1.4. Pressure in the ankle is normally
higher than the arm. ABI < 0.9 is considered an independent
and powerful marker of cardiovascular risk and is diagnostic
of PAD.?*? Further, PAD was graded as mild to moderate if
ABI was between 0.4 and 0.9, and severe if ABI was < 0.4.2!

Observations and Results

Total 107 women were included in this study, of whom the
number of premenopausal women was 50 and that of post-
menopausal women was 57. The mean age of premenopausal
women included in this study was 25.4 years and that of
postmenopausal women was 54.53 years. A comparison of
anthropometric data of pre- and postmenopausal women has
shown the mean BMI to be significantly higher in postmeno-
pausal women with p = 0.0023 (=~Table 1). When the BP was
measured in the right and left upper limbs, it was found that
SBP, DBP, pulse pressure, and mean arterial pressure were
significantly higher (p = 0.00001) in postmenopausal women
(=Table 2). When the ABIs of the two groups were compared,
it was found that there was a significant fall in left ABI in
postmenopausal women whereas the right ABI did not show
any significant difference (~Table 3). Postmenopausal wom-
en were further stratified based on grading of ABI into nor-
mal, definite PAD, and high ABI. Out of the 57 postmenopaus-
al women, 54 women had normal right ABI (0.9-1.4) whereas
52 had normal left ABI values. When measurements of ABI
were done on the left side, it was seen that three women
had ABI < 0.9 indicating a definite PAD and two had ABI > 1.4

Table 1 Anthropometric data of the study participants

Parameters Premenopausal Postmenopausal
women women

Mean age (y) 25.4+9.84 54.53 +7.84

Mean height (cm) | 156.76 £6.18 151.79+6.9

Mean weight (kg) 58.5+9.52 61.28+13.6

BMI (kg/m?) 23.78 £3.99 26.89 £ 5.96

Abbreviation: BMI, body mass index.

Table 3 Comparison of ABI Index between pre- and post-
menopausal women

ABI Premenopausal | Postmenopausal | p Value
women women
Right | 1.09+0.11 1.05+0.12 0.113 (not
significant)
Left 1.16 £0.16 1.08+£0.13 0.0049
(significant)

Abbreviation: ABI, ankle-brachial index.

Table 4 Grading of ABI values in postmenopausal women

Parameter | Normal ABI Definite PAD | High ABI
0.9-1.4 <0.9 >1.4

Right ABIN | 54 2 1

Left ABIN 52 3 2

Abbreviations: ABI, ankle-brachial index; PAD, peripheral artery disease.

indicating risk of future cardiovascular events. On the right
side, two women had ABI values < 0.9 and only one had ABI
> 1.4 (=Table 4). When the postmenopausal women with
normal ABI between 0.9 and 1.4 were further stratified into
low normal (1 to < 1.1) and borderline ABI (0.9 to < 1), it was
found that 38.9% had low normal right ABI, 40.38% had low
normal left ABI, and 31.48% had right borderline ABI where-
as 25% had left borderline ABI (=Table 5). This stratification
has shown that 31.48% of women had higher risk of PAD on
the right side as against 25% on the left side. It was also seen
that 38.9 to 40.38% of women had low normal ABI. Both these
groups have higher chances of progressing to PAD. When BMI
and ABI values were correlated, it was found to be technically
positive for left ABI and negative for right ABI, but the correla-
tion was weak (r = 0.0073 for left ABI and r = -0.0892 for right
ABI). Pearson’s correlation coefficient was calculated to look
for any correlation between ABI and duration of menopause.
No significant correlation was observed (=Table 6).

Discussion

This study was taken up with the objective of assessing and
comparing ABI, which is a marker of PAD, between pre- and

Table 2 Blood pressure measurements in right and left upper limbs

Mean brachial blood pressure (mm Hg) ‘ Premenopausal women (n = 50) ‘ Postmenopausal women (n = 57) ‘ p Value
Right

Systolic 119.28 + 14.18 141.04 £ 25 0.00001
Diastolic 63.66+12.9 69.76 £ 13.5 0.00001
Pulse pressure 55.62+17.33 71.28 £21.33 0.00001
Mean arterial pressure 82.2+10.6 93.52+15.12 0.00001
Left

Systolic 110.46 £ 14.53 138.84 £ 24.97 0.00001
Diastolic 59.51 £5.96 70.03 +£12.65 0.00001
Pulse pressure 51.21 £13.73 68.82 = 23.01 0.00001
Mean arterial pressure 74.67 £7.22 92.97 £ 14.03 0.00001
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Table 5 Grading ABI into low and borderline subjects among
postmenopausal women

Parameter Low normal ABI Borderline ABI

T1to<1.1 0.9to<1.0
Right ABI 21 (38.9%) 17 (31.48%)
Left ABI 21 (40.38%) 13 (25%)

Abbreviation: ABI, ankle-brachial index.

Table 6 Correlation of ABI with duration of menopause

Duration of Left ABI Right ABI Lower of the
menopause (y) two ABI

0-5 1.07 1.03 1.03

6-10 1.08 1.07 1.07

11-15 1.05 1.07 1.05

>15 1.08 1.06 1.06

Abbreviation: ABI, ankle-brachial index.

Note: Correlation coefficient r=-0.1327 for left ABl and r= 0.0687 for
right ABI. No significant correlation between duration of menopause
and ABI values was observed.

postmenopausal women. It is necessary to understand the
progression of PAD as its presence increases the risk of
mortality and morbidity from CAD in patients by almost
sixfold.'> ABI serves as an efficient indicator of PAD. Risk
factors for PAD and CAD are comparable including dyslip-
idemia and obesity.® Our study has shown a weak positive
correlation between BMI and ABI, which is consistent with
other studies.?s Our study has also shown the SBP and DBP
to be higher in postmenopausal women, which is similar
to studies done previously.”’” Menopause accelerates the
progression of atherosclerosis leading to arterial stiffness
and high BPs. Estrogen deficiency in menopause is thought
to augment the age-related arterial stiffness.?® ABI that is
used to detect PAD was found to be significantly lower in
postmenopausal women in our study. This finding would
help make early interventions to prevent deaths due to CAD
or stroke in these women. PAD is associated with increased
levels of inflammation, thrombosis, and coagulation.
Postmenopausal women have elevated levels of endothelin
and androgens that further increase endothelin levels.
However, the mechanism by which endothelin increases
remains unclear.?® High endothelin levels possibly
contribute to oxidative stress with reduction in NO and
loss of vasodilator effects causing high BPs and narrow-
ing of vessels leading to peripheral arterial disease. This
effect is accelerated and augmented in postmenopausal
women.>*32 Normal ABI levels in premenopausal women
are attributed to higher levels of nitric oxide and estrogens
providing cardioprotective effects.

Conclusion

This study would serve as a means to show that a noninva-
sive and reproducible technique may be used routinely as a
screening tool to assess cardiovascular health of postmeno-
pausal women. The prevalence of obesity is generally higher
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in women than men and more so during the postmenopausal
period. Such women need special attention as they are at a
higher risk for cardiovascular diseases when compared with
nonobese women. ABI can be used as an efficient screening
tool for diagnosis of PAD that may be associated with adverse
cardiovascular events. Hence, ABI measurement would pro-
vide clues for early interventional strategies so as to delay the
onset of cardiovascular diseases to improve the quality of life
in such women.
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