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INTRODUCTION

Measuring blood pressure is a particularly important vi-
tal parameter to assess cardiovascular function. Clinicians 
routinely record arterial blood pressure non-invasively 
from the brachial artery and the obtained value of systolic 
& diastolic blood pressure is commonly assumed as the 
same throughout the arterial tree. But there is a significant 
difference in contour & amplitude of pressure waves in as-
cending aorta and proximal & distal peripheral arteries.1 
 Measuring systolic BP at various points throughout the arte-
rial tree provides useful information for diagnosing Peripher-

al arterial disease. A reduced ankle-brachial index, A systolic 
interarm difference is also associated with peripheral arterial 
disease, cerebrovascular disease, and increased cardiovascu-
lar and all-cause mortality.2 General interventions are based 
upon peripheral pressure and often central aortic pressure 
is neglected. Central aortic pressure is a key determinant of 
coronary perfusion and left ventricular afterload.3 Central 
Aortic Pressure can be assessed non-invasively by oscillom-
etry or applanation tonometry,4 using specific transfer func-
tion from peripheral pulse wave.3 Central Pressures better 
predict the target organ damage situations. Central Aortic 
Systolic pressure and or central pulse pressure are strongly 
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ABSTRACT
Background: Measuring blood pressure is a particularly important vital parameter to assess cardiovascular function. Studies 
have shown that central aortic pressure is more accurate in predicting Cardiovascular risk & organ damage. Pulse wave velocity 
is considered to be a gold standard for measuring arterial stiffness. Digit ratio (2D:4D) is a well-established marker for prenatal 
androgen exposure. It has been associated with many diseases such as CVD, hypertension, autism, personality disorder and 
even cancer. 
Objective: Primarily the study was targeted to assess the role of measuring non-invasive aortic blood pressure to determine the 
vascular status and arterial stiffness and implication of Digit Ratio(2D:4D), Age and Body Mass Index ( BMI) on Central hemo-
dynamic parameters. 
Method: 25 healthy male subjects aged between 23 to 41 years was incorporated in this study. Height & Weight were measured 
with a calibrated stadiometer. Finger lengths were measured directly from the palmer aspect with a digital calliper. Peripheral 
blood pressures were recorded from all four limbs (bilateral brachial, bilateral ankle) & Pulse wave analysis was carried out with 
Periscope vascular analyzer. Statistical analysis was done with Microsoft Excel 365 and statistical package provided by www.
stats.blue. 
Results: Peripheral Systolic Blood Pressure appeared to be significantly more than the Central Aortic systolic Pressure. The 
same observation was not true for the Diastolic pressure. Central Aortic Pulse pressure was found to be significantly low. Re-
gression analysis showed that there is a significant trend) between Carotid to femoral Pulse wave velocity (PWV) and central 
aortic systolic pressure. Pulse wave velocity was found to be significantly associated with age and left-hand digit ratio. The 
difference between measured PWV and Normal predicted PWV is significantly associated with the digit ratio of the right hand. 
Conclusion: Prenatal androgen exposure may play a significant role in arterial health as finger length ratio /digit ratio (2D:4D) 
was found to be significantly associated with the extent of arterial stiffness in the subjects.
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affecting vascular damage, cardiovascular events or mor-
tality whenever compared to peripheral blood pressure pa-
rameters.5 Hypertension, Diabetes Mellitus atherosclerosis, 
ageing causes vessel remodelling. Functional and morpho-
logical changes to vessels alter the conduction of blood to the 
peripheral tissues and alteration in shock-absorbing function 
lead to arterial stiffness (Arteriosclerosis) and thus increase 
in the Systolic Blood Pressure and Pulse Pressure and de-
creased Diastolic Pressure. Due to the stiffening of vessels, 
the reflected wave moves faster through the arterial tree and 
thereby increase the Left ventricular afterload.6 Pulse wave 
velocity is the most used measure of arterial stiffness. It is 
defined as the speed of travelling pressure waves along the 
aorta and large arteries. Pulse Wave Velocity is calculated 
by dividing the distance with pressure wave travelling time 
between two sites of the arterial system. Depending upon 
the sites of measurement two most commonly used meas-
urements are Carotid to femoral and Brachial to ankle Pulse 
Wave Velocity.7 In some recent studies digit ratio (2D:4D) as 
a putative marker of prenatal androgen exposure have been 
linked with cardiovascular diseases such as myocardial in-
farction, hypertension etc. Manning & Bernard reported a 
weak negative relationship between MI and right-hand digit 
ratio (2D:4D). It was suggested that low prenatal testosterone 
and high prenatal estrogen may be the reason behind predis-
posing males to the onset of early MI.8 It has been observed 
in an Indian study that hypertensive males tend to have a 
higher digit ratio(2D:4D) for both hands when compared to 
normal controls.9 In an autopsy-based study it was observed 
that atherosclerotic plaque formation was found to be more 
pronounced in Turkish young men with a high digit ratio.10 
Present study is aimed to find out the relation of peripheral 
and central blood pressures in the normal healthy population. 
The effect of prenatal androgen exposure on arterial stiffness 
has not been studied earlier. The present study also explores 
the relation of digit ratio as a proxy marker of prenatal an-
drogen exposure with noninvasive hemodynamic parameters 
which may point towards the early detection of cardiovascu-
lar alterations.

MATERIALS & METHODS

Study population:
The study was conducted in the Department of Physiology 
Mayo Institute of Medical Sciences, Barabanki and was ap-
proved by the Institutional Ethics Committee vide approval 
letter number MIMS/Ex2019/198. This is a cross-sectional 
study comprised of 32 healthy volunteers who responded to 
be part of the study. Informed consent was taken, and the 
volunteers were screened as per study protocol. 25 subjects 
were found to be fit for inclusion in the study.  Though in-
vitation was open for both sexes only male candidates re-

sponded. 

Exclusion Criteria:
Any kind of arthropathy, History of Cardiac disease, Hyper/
hypothyroidism, Diabetes, hypertension, tuberculosis, any 
kind of restrictive or obstructive disease of lung, present 
history of liver disease, viral myositis, and other muscular 
diseases. Female subjects with hormonal disorders including 
polycystic ovarian disease and adrenal hyperplasia. Subjects, 
who are a smoker or using tobacco in any form, were ex-
cluded from the study.

Body Mass Index (BMI) Estimation:
Height and weight were measured for each subject using a 
standard calibrated stadiometer and Body Mass Index (BMI) 
was calculated using formula 2

mBMI
h

=  where m is mass in 
Kgs and h is height in meters. 

Digit Ratio Calculation:
The lengths of the 2nd digit (index finger-2D) and 4th digit 
(ring finger-4D) of both hands were measured with a digital 
Vernier calliper (accuracy 0.01mm) from the palmer aspect. 
The length of each finger was defined as the distance be-
tween the Proximal crease of the digit to the tip of the digit 
in millimetres.  The ratio was calculated as Length of 2D/
Length of 4D for both hands.

Pulse wave Analysis:
Periscope, Arterial health & Cardiovascular analysis system 
by Genesis Medical Systems Pvt. Ltd. India, was used for si-
multaneous recording of all 4 limbs noninvasive blood pres-
sure and ECG, Pulse wave analysis was done with dedicated 
PeriscopeTM (Version 3.0) software. Subjects were instructed 
to restrict themselves from use of caffeine products for 24 
hrs before participating in the study. 

Statistical Analysis:
Data were analyzed using Microsoft Excel 365 Statistical 
plugin software & statistical package provided by www.
stats.blue. Results are expressed as Mean, Standard devia-
tion. T-test and regression analysis were performed with data 
obtained. Results were considered statistically significant 
whenever P < 0.05.

RESULTS

Descriptive statistics of Anthropometric variables and age is 
explained in Table 1. Details of various blood pressures are 
depicted in Table 2.

Peripheral Systolic Blood Pressure appeared to be signifi-
cantly more (p=0) than the Central Aortic systolic Pressure. 
The same observation was not true for the Diastolic pressure 



Int J Cur Res Rev ��| Vol 13 • Issue 18 • September 2021 18

Maitra et al: Digit ratio and arterial stiffness

(p=0.42). Central Aortic Pulse pressure was found to be sig-
nificantly low (p=0.02) compared to Peripheral Pulse Pres-
sure.  There was no significant difference observed between 
Right & Left ABI (Ankle to Brachial index) (p=0.829) sup-
portive to the observation of the absence of any Peripheral 
Arterial Disease among the study subjects. Descriptive data 
regarding hemodynamic parameters are depicted in Table 3. 
Regression analysis showed that there is a significant trend 
(p=0.037) between Carotid to femoral Pulse wave velocity 
(PWV) and central aortic systolic pressure and no significant 
trend (p=0.097) observed with Peripheral Systolic pressure. 
Pulse wave velocity was found to be significantly associated 
with age (r = 0.58, p=0.022) but not with BMI. Left hand 
Digit ratio was significantly associated PWV (r = 0.63, p = 
0.01). Correlation for right hand also shown a moderate as-
sociation but was not significant (r = 0.44, 0.09) Table 3. 

Difference of measured PWV and predicted normal PWV 
was found to have significant moderate association (r = 0.45, 
p = 0.021) with right hand digit ratio and similar association 
also established for left hand digit ratio (r = 0.44, p = 0.024)

DISCUSSION

This study shows that the peripheral Systolic Blood Pressure 
is significantly higher than the Central Aortic Blood Pres-
sure. No significant difference in Diastolic blood pressure 
observed for peripheral and central sites. Systolic pressure 
and diastolic pressure represent dynamic and tonic compo-
nents of the pulsatile pressure component respectively. Being 
the dynamic component as the distance from the aortic root 
increase systolic pressure also increases at the peripheral site 
whereas the diastolic pressure change is minimal.11 Periph-
eral Pulse pressure also found to be significantly higher than 
the central pulse pressure. Pulse wave velocity which is a 
marker for arterial stiffness positively correlates with age in 
our study. PWV is inversely linked with arterial distensibility 
,12 with ageing the arterial walls become rigid due to continu-
ous fatigue fracture of elastic elements and collagen cross-
linking.13 Obesity is one of the conditions that envelopes the 
complete spectrum of cardiovascular diseases. BMI is consid-
ered as a common tool to assess obesity in common practice, 
despite studies, has proved that BMI is not always associated 
with adiposity.14 Most of the studies showed inverse relation-
ships between PWV & Obesity.15 In our study we did not 
observe any relationship between BMI and arterial stiffness. 
We did observe a significant association between PWV with 
left-hand digit ratio, but no significant association was ob-
served for the right-hand digit ratio. Interestingly significant 
association observed with the right-hand digit ratio and the 
difference of measured PWV and predicted normal PWV. 
The difference between predicted and measured PWV is 
suggestive of the extent of increase in arterial stiffness in the 
individual. Several indirect studies explored the relationship 

with neck circumference, Waist Hip Ratio, BMI and Digit 
ratio and concluded that digit ratio may correlate with Cardio 
Vascular Disease. Manning and Bundred observed the age 
of onset of MI and Digit ratio maintains a negative relation-
ship.8  In a Greek study it was observed that digit ratio may be 
a biomarker for predisposition to MI in men, but not in wom-
en.16  A recent study showed that Digit ratio (2D:4Dratio) is 
uncorrelated with CVD or CVD risk factors in menopau-
sal women.17  Digit ratio and circulating Testosterone have 
shown controversial relationships18,19 and majorly one does 
not correlate with other. Circulating high Testosterone has 
been reported with low arterial stiffness in males.20 Manning 
et al, had shown digit ratio is strongly predictive of perfor-
mance in endurance running and speculated that prenatal 
Testosterone may have some organizational effect on the 
vascular system.21 It has been well appreciated that recep-
tors for androgens, estrogen and progesterone are expressed 
on the vascular tissues. Though the exact molecular mecha-
nism behind the effect of prenatal androgen on adult body 
function and disease predisposition is still unknown it can be 
hypothesized that Prenatal androgen may alter the receptor 
sensitivity towards the androgen resulting in a modification 
in the body systems. These initial findings are interesting and 
our study probably for the first time reporting the significant 
moderate relationship between digit ratio and arterial stiff-
ness to the scientific community. Our study extends support 
with observable data to the speculation that digit ratio may 
correlate with vascular function and thereby may be used as 
a marker of predisposition to CVD in males.
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Table 1: Descriptive statistics of Anthropometric variables for the study population.
n = 25 Mean±SD Maximum Minimum

Age
(Years)

30.26 ± 4.92 41 26

Height
(Centimetres)

164.86 ± 5.54 175 156

Weight
(Kilograms)

71.46 ± 17.27 110 45

BMI 26.16 ± 5.46 38.51 16.53

2D:4D Right 0.946 ± 0.0288 0.990 0.910

2D:4D Left 0.947 ± 0.0333 1.01 0.910



Int J Cur Res Rev ��| Vol 13 • Issue 18 • September 2021 20

Maitra et al: Digit ratio and arterial stiffness

Table 2:  Details of Peripheral and central Blood pressure measured 
Blood Pressure Mean ± SD Maximum Minimum

RA Sys 120.47 ± 10.89 140 104

RA Dia 79.40 ± 8.48 100 71

LA Sys 119.47 ± 13.56 156 109

LA Dia 76.27 ± 10.91 106 70

RF Sys 130.47 ± 18.64 175 94

RF Dia 76.13 ± 8.33 91 69

LF Sys 129.27 ± 14.56 164 113

LF Dia 74.80 ± 7.34 86 67

Ao Sys 105.36 ± 9.84 132 90

Ao Dia 77.32 ± 7.51 100 68

RA = Right Arm, LA = Left Arm, RF = Right foot/ankle, LF = Left foot/ ankle, Sys = Systolic Pressure, Dia = Diastolic pressure

Table 3: Central hemodynamic parameters 
Hemodynamic Parameters Mean ± SD Maximum Minimum

PWV
(cm/sec)

925.94 ± 131.87 1176.8 739.3

Aix 14.86 ± 7.58 28 2

Aug Pressure
(mm of Hg)

4.2 ± 3.07 11 0

Difference mPWV – pnPWV
(cm/sec)

165.00 ± 96.17 370.48 49.6

PWV = Carotid to Femoral Pulse wave Velocity , Aix = Augmentation Index, mPWV = measured PWV, pnPWV = Predicted normal 
PWV


