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Introduction

Second to fourth digit ratio (2D:4D) is a sexually dimorphic
biometric marker. It is influenced by prenatal estrogen and
testosterone levels. High prenatal levels of androgens (high
testosterone/estrogen) determine lower values of 2D:4D,
and vice-versa. The Hox A and Hox D genes are responsible
for both gonadal and digital differentiation.1

Relative finger lengths are determined before birth at �
13 weeks of gestation.2 The gender difference is present in

children,2,3 and gender differences in the 2D:4D ratio are
robust across several ethnic groups and races.4–6

Regarding indirect evidence, there have been several
studies that link the waist-to-hip ratio (WHR) with the
2D:4D ratio.5,7 In female subjects, the WHR appears to be
directly linked to health and fertility, since it has been shown
to be an accurate predictor of risk for various diseases.8,9 In
men, studies have shown that aging is accompanied by
decreasing levels of testosterone, which in turn decrease
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Abstract Second to fourth digit ratio (2D:4D) is a sexually dimorphic biometric marker.
Regarding indirect evidence, there have been several studies that link the waist-to-
hip ratio (WHR) with the 2D:4D ratio. If the 2D:4D ratio is associated with testosterone
and estrogen levels, it may be correlated with a risk of myocardial infarction (MI). The
aim of the present study is to find out the correlation between anthropometric risk
factors for cardiovascular disease and the 2D:4D ratio in 250 young females of the state
of Haryana in Northern India. The present study was conducted on 250 females of the
Haryana population aged between 17 and 35 years old. A series of 8 anthropometric
measurements was obtained from the participants: height, weight, 2D:4D ratio, body
mass index (BMI), waist circumference (WC), hip circumference (HC), neck circumfer-
ence (NC), and WHR. The data was collected, tabulated and subjected to statistical
computation using SPSS Statistics for Windows, Version 13.0 (SPSS Inc., Chicago, IL,
USA). Strong positive associations between the NC and the WHR confirm that both
measures are indicative of body fat. Also, a positive correlation between the 2D:4D
ratio and the WHR suggests that low androgen levels in women are associated with a
greater risk of obesity. Moreover, this result, as well as the positive correlation between
2D:4D ratios and NC, suggest that the digit ratio is indicative for being overweight in
women and suggest a predisposition toward cardiovascular disease – however, these
correlations of body measurements with digit ratios are not significant.
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lean bodymass and increase the deposition of abdominal fat.
Testosterone supplementation in elderly male subjects and
in healthy eugonadal men decreases the WHR and increases
lean bodymass.10,11Manning et al found a negative relation-
ship between the 2D:4D ratio and the age at the first
myocardial infarction (MI), which means that men with a
low 2D:4D ratio tended to have their first MI later in life than
menwith high 2D:4D ratios.12 Consequently, they suggested
that the formation and maintenance of the cardiovascular
system is sensitive to testosterone and estrogen in men, and
that the 2D:4D ratio is a marker for in utero and adult levels
of these hormones. This has led to the assumption that if the
2D:4D ratio is associated with testosterone and estrogen
levels, it may be correlated with a risk of MI. Manning et
al12,13 found a negative relationship between the 2D:4D ratio
and the age at the first MI, which means that menwith a low
2D:4D ratio tended to have their firstMI later in life thanmen
with high 2D:4D ratios.12,13 Consequently, they suggested
that the formation and maintenance of the cardiovascular
system is sensitive to testosterone and estrogen in men,14

and that the 2D:4D ratio is a marker for in utero and adult
levels of these hormones.

Body obesity and metabolic syndrome, a cluster of condi-
tions associatedwith an increased risk for type 2 diabetes and
hypertension, are considered a major risk factor for coronary
heart disease (CHD), associatedwith an elevated risk for stroke
and early mortality. However, Ben-Noun et al15 tested a
method of identifying overweight or obese patients solely by
measuring their neck circumference (NC). Their results indi-
cated a significant association between the NC and bodymass
index (BMI), age, weight, waist circumference (WC), hip cir-
cumference (HC), and WHR. A follow-up study also demon-
strated that ahigherNC ispositivelycorrelatedwith the factors
of the metabolic syndrome and, therefore, it is likely to
increase the risk of CHD.16

Finally, Fink et al17 studied the 2D:4D ratio in relation to
measurements of body shape and body fat distribution and
found some support for an early organizational effect of sex
hormones through the association between indices of female
body shape, male BMI, and human finger length.17

White et al18 have shown the relationship between the
2D:4D ratio and elevated triglycerides, which supports the
use of the 2D:4D ratio as a non-invasive screening tool to
assess the risk of metabolic syndrome.

The aim of the present study was to assess the correlation
of the 2D:4D ratio with known risk factors for developing
cardiovascular disease (CVD) in young females of the state of
Haryana in Northern India. Because it is reflective of fetal
androgen exposure, we have hypothesized that the 2D:4D
ratio would correlate with parameters associated with CVD.
If our hypothesis is correct, measuring the 2D:4D ratio of a
patient would be a non-invasive way to determine their risk
of developing cardiovascular disease.

Materials and Methodology

The present study was conducted on 250 females of the state
of Haryana in northern India, aged between 17 and 35 years

old. Approval by the institutional ethical committee was
obtained and the informed consent from all subjects was
taken before conducting the study.

Inclusion Criteria

1. Young individuals between 18 and 35 years old.
2. Individuals of the state of Haryana.
3. Individuals with no morphologically identifiable physical

anomalies or deformities.

Exclusion Criteria

1. Individuals who were not from the state of Haryana.
2. Pregnant females.
3. The subjects with any apparent physical hand anomalies,

inflammation, trauma, or deformities, and those who had
underwent a recent major surgerywere excluded because
of their unsuitability for the present investigation.

4. Subjects having any genetic, psychological, neurological
or chronic diseases affecting the hand parameters.

5. Individuals with a history of any recent drug intake.
6. Females who were wheelchair bound or had difficulty in

standing.
7. Diagnosed cases of heart disease, hypertension, diabetes

mellitus, chronic diseases of major organs, and endocrine
disorders.

8. Subjects < 18 years old and > 35 years old.

A seriesofeight anthropometricmeasurementswereobtained
with the participants:

1. Height
2. Body weight
3. 2D:4D ratio
4. Body mass index
5. Waist circumference
6. Hip circumference
7. Neck circumference
8. Waist-to-hip ratio
9. Waist-to-height ratio (WHtR)

1. Height: Height wasmeasured (to the nearest 0.5 cm)with
the subject standing in an erect position against a vertical
scale of portable Seca 213 Portable stadiometer (Seca
Deutschland,22089 Hamburg, Germany), with the head
positioned so that the top of the external auditorymeatus
was in level with the inferior margin of the bony orbit.19

2. Body weight: Body weight was measured (to the nearest
0.5 kg) with the subject standing motionless on a bath-
room weighing Venus Electronic Bathroom scale (Ace
incorporation, Jaipur, Rajasthan, India).19

3. 2D:4D ratio: It is defined as the ratio of the length of
second digit (index finger) to the length of the fourth digit
(ring finger). The measurement was taken from both
hands with an electronic sliding Mitutoyo 6 AOC Digital
Sliding Caliper (Mitutoyo, Japan) from the palmar side
with the digits fully stretched and touching on a hard flat
surface, with the second to fifth digits adducted and the
thumb slightly extended.
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4. Body mass index: The BMI was calculated as weight in
kilograms divided by the squared height in meters
(weight in kg/height in m2).19

5. Waist circumference: The WC was measured by using
bone landmarks as references with the help of a measur-
ing tape. The World Health Organization (WHO) guide-
lines recommend the measurement of the WC at the
midpoint between the lowest rib and the iliac crest (the
highest point of the ilium).19

6. HipCircumference: TheHCwasmeasuredat the level of the
greater trochanterswith thehelp of ameasuring tape.19 It is
defined as the maximum circumference in the gluteal area.

7. Neck circumference: The NC (cm) was measured at the
level of the upper margin of the thyroid cartilage by using
a measuring tape.20

8. Waist-to-hip ratio: The WHR was calculated using the
following formula: WHR ¼ WC (cm)/HC (cm)

Each measurement was taken three times by the same
individual, and the mean of the three measurements was
considered as the final reading.

Statistical analysis
The data was collected, tabulated and statistically analyzed
using SPSS Statistics for Windows, Version 13.0 (SPSS Inc.,
Chicago, IL, USA).. Descriptive statistics of each risk factor and
pairwise correlations with the 2D:4D ratio were conducted.
The descriptive statistics, means and standard deviations
(SDs) of the body measurements and of the 2D:4D ratios are
shown in ►Table 1. The Pearson correlation (r) was used for
assessing the relationships between the 2D:4D and the body
measurements (►Table 2).

Results

Strong significant positive associations between NC and
WHR confirm that both measures are indicative of body fat
(►Table 3). The present findings of positive correlations

between 2D:4D ratios and NC (►Table 2) in women of the
state of Haryana suggest a possible predisposition toward
CHD. Neck circumference is also significantly positively
correlated with weight, WC, and HC in the present study
(►Table 3).

Discussion

No significant correlation between the 2D:4D ratio and the
WHR for females was found in any of the studies shown in
►Table 4. The WC and HC are negatively correlated with the
2D:4D ratio, but this correlation is significant only in the
study of Fink et al.17 The WHR and the BMI were negatively
correlated with the 2D:4D ratio in the studies by Fink et al17

and by Fink et al,20 but not in the present study.
Oyeyemi et al21 have shown a positive significant correla-

tion between the 2D:4D ratio, BMI, and theWHtR, suggesting
a possible predisposition toward cardiovascular disease. The
authors have also shown a significant correlation between
the 2D:4D ratio and the NC, but this positive correlation was
not significant in the present study.

Oyeyemi et al22 have shown that digit ratios in both hands
failed to show any significant correlations with the NC in
female subjects. Metabolic syndromemarkers (BMI, WC, NC)
significantly correlatewith both right and left 2D:4D ratios in
males and females. Thus, the 2D:4D ratio could be used as a
surrogate marker for the risk of metabolic syndrome and
CVD in Ilorin, Northcentral Nigeria.

Danborno et al23 showed a significant relationship
between 2D and 4D lengths in the right and left hands
with chest circumference, WC and HC only in males, but
not in females, which is in line with the present study.

Manning4 has proven in his study that mothers with high
WHR, which is associated with high testosterone and low
estrogen, tend to have children with low 2D:4D ratios.
Mothers with low 2D:4D ratios tend to have children with
low 2D:4D ratios, and their children have high concentra-
tions of testosterone in their amniotic fluid.

Table 1 Descriptive statistics, means and standard deviations
of body measures and 2D:4D ratios

Measurement Mean Standard deviation

Height (cm) 145.85 7.85

Weight (kg) 37.95 12.67

WC 67.93 7.85

HC 85.62 8.57

NC 28.60 2.70

BMI 21.24 3.15

WHR 0.72 0.20

RT 2D:4D 0.98 0.03

LT 2D:4D 0.97 0.01

Abbreviations: BMI, body mass index; HC, hip circumference; LT 2D:4D,
second to fourth digit ratio of left hand; NC, neck circumference; RT
2D:4D, second to fourth digit ratio of right hand; WC, waist circum-
ference; WHR, waist-to-hip ratio.

Table 2 Correlation coefficients for the relationships between
2D:4D ratios and body measures

Rt 2D:4D
ratio

p-value Lt 2D:4D
ratio

p-value

Age 0.034 0.66 0.044 0.57

Height 0.126 0.066 0.034 0.63

Weight 0.158 0.02 0.130 0.06

WC � 0.004 0.96 0.022 0.75

HC 0.025 0.72 � 0.032 0.64

NC 0.031 0.66 0.023 0.74

BMI 0.034 0.66 0.044 0.57

WHR 0.127 0.06 0.114 0.09

Abbreviations: BMI, body mass index; HC, hip circumference; LT 2D:4D,
second to fourth digit ratio of left hand; NC, neck circumference; RT
2D:4D, second to fourth digit ratio of right hand; WC, waist circum-
ference; WHR, waist-to-hip ratio.
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White et al18 have shown the relationship between the
2D:4D ratio and elevated triglycerides, but found no relation-
ship between WC and the 2D:4D ratio of either hand, which
is in line with the present study.

Conclusions

• There is a significant association between NC and height,
weight, WC, HC and WHR. A higher NC is positively
correlatedwith factors ofmetabolic syndrome and, there-
fore, is likely to increase the risk of CHD.

• The present findings of positive correlations between
2D:4D ratios and the NC inwomen of the state of Haryana
suggest a possible predisposition toward cardiovascular
disease, but the correlation is not significant.

• The present study did not showany significant correlation
between the right and left 2D:4D ratios withWC, HC, BMI,
NC, or WHR.

• Bodymass index, WHR, and NCwere positively correlated
with the 2D:4D ratio,whereasWC andHCwere negatively
correlated with the 2D:4D ratio, but the correlation was
not significant.

The present study is not without limitations. The first limita-
tion is its small sample size. A large sample would provide
power to limit the potential for bias in predictive models.
Variations in the study design and in the mode of measure-

mentof thedigitsmay introducevariability that could result in
differing outcomes when reporting data. A further investiga-
tion is required on a larger number of subjects in order to
obtain a more detailed picture of possible associations.
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