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The second to fourth digit ratio: a measure of hand grip strength?
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ABSTRACT
Background: The ratio of the lengths of the index and the ring finger (2D:4D ratio) is generally different between
men and women. This has often been used as an indicator of the levels of prenatal androgen exposure. It has hence
been suggested to have a role in many gender differences including performance in sports. Men generally outperform
women in most physical abilities. However, reports in various studies have been inconclusive, depending upon the
physical ability tested. Hand Grip Strength (HGS) is a good measure of overall strength of an individual. Hence, we
decided to determine the relationship between 2D:4D and HGS of both hands in men and women.
Methods: Scanned images of both hands of young volunteers were analysed and the 2D:4D ratio calculated. HGS
was measured and results correlated with 2D:4D.
Results: 2D:4D ratio of men was significantly less than of women for the right (p<0.001) and the left hand (p<0.001).
HGS of men was significantly greater than that of women for the right (p<0.0001) and for the left hand (p<0.0001).
2D:4D ratio in men showed a weak but significant positive correlation with HGS of right(p<0.05) and left
hand(p<0.05). A weak but significant positive correlation was also seen for the left hand in females. However, 2D:4D
ratios did not show any significant correlation with HGS for the right hand in women.
Conclusions: We conclude that 2D:4D ratio is a measure of Hand Grip Strength in men, but is not a robust measure
of HGS in women.
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INTRODUCTION
The digit ratio is the ratio between the lengths of different
digits or fingers. 2D:4D ratio is the digit ratio of the
second to the fourth digits. It exhibits a sexually
dimorphic pattern. It is usually measured from the
midpoint of the most proximal crease (at the junction of
the finger with hand) to the tip of the finger. Various
methods have been used to determine 2D:4D ratio,
including X-rays photocopies and scanned images.1-3
Computer based analysis has been reported to be superior
to other methods.4 Men tend to have a ratio of less than 1.
Women may show a ratio more than 1.5,6 2D:4D ratio

correlates positively with the foetal testosterone to
oestrogen level ratio in amniotic fluid.7 Hence, it has been
proposed as an indirect measure of exposure to foetal
androgens. Adult circulating testosterone levels do not
seem to correlate with 2D:4D ratio.8 2D:4D ratio has been
implicated in many gender differences e.g. low ratios
have been associated with high sports performance.9
2D:4D ratios in volleyball players have been reported to
be significantly lower compared to controls not
participating in sports.10
Low 2D:4D has been shown to be important for high
sprinting speed, endurance and Hand Grip Strength in
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school going boys. This correlation however was not
found for girls.9 2D:4D ratio also was not associated with
success in a wrestling.11
Handgrip strength (HGS) is a good predictor of muscle
strength and function.12,13 Men usually show a higher
HGS than women for both hands.14 Various
anthropometric measures of the hand have been tested in
relation to HGS. Finger lengths, hand length and hand
perimeter may be important predictors for handgrip
strength.15 2D:4D ratios have also been widely studied in
relation to HGS but reports are inconsistent. A
significantly negative association was found between
2D:4D and HGS in Caucasian and Mizo men but other
studies, controlling for ethnicity, found no significant
correlation in men or women.16,17 Such correlations may
be ethnicity specific. Moreover, digit ratios do not seem
to be correlated with grip strength in women.18
More research is needed to establish the relation between
2D:4D ratio on both sexes with HGS in various
populations. Aim of the study was to determine the
relationship of 2D:4D ratio with Hand grip strength.
METHODS
The study was carried out in a university in North India
on right handed healthy undergraduate student volunteers
(19-25 years). Participants were recruited for the study
after putting up a notice for voluntary participation.
Written informed consent was obtained from the
volunteers.

In case, there was a band of creases at the base of the
digit, measurements were done from the most proximal
of these. The measurements were done twice and the
average was calculated.19 The 2D:4D ratio was computed
using Microsoft excel.
The handgrip tests
The handgrip test was performed with the subjects seated
on a chair, shoulders abducted, elbow fixed at 90,
forearm in neutral and wrist between 0 and 30 of
dorsiflexion as recommended by American Society of
hand therapists (ASHT). Each subject was tested for
handgrip strength for both right and left hands using
Camry’s
digital
handgrip
dynamometer.
Two
measurements from each subject were noted. Handgrip
strength was recorded as maximum kilograms of force
during the procedure.20 The higher of the two readings
was used for further analysis of each hand.
Statistical analysis
Statistical analysis was done using analysis tool Pak in
MS excel. Descriptive statistics was done to determine
Mean±SD values for 2D length, 4D length and 2D:4D
ratio. Unpaired t-test was done to look for any significant
gender differences in 2D:4D ratio, as well as HGS for
both hands. Correlation between HGS and 2D:4D ratios
were examined for the right and the left hand separately
for men and women using the “correl” function in Excel
and significance checked at “vassarstats.com”.
RESULTS

Any individual with hand deformity was excluded from
the study. Those who had a history of hypertension, heart
disease or were unable to perform the handgrip exercise
for other reasons were also excluded from the study.
Anthropometric measurements like height and weight
were noted. Height was measured in centimetres using a
stadiometer. Participants looked straight ahead with their
arms hanging by their side and a bar was brought down to
the top of the head to record the height. Weight was
recorded in kilograms using a digital scale (Salter). Body
mass index (BMI) was calculated using the formula:
BMI = weight (kilograms) / (height in meters). In
addition, the following specific measurements were
carried out.2

The present study depicts data from 61 young men and 73
women enrolled in the university. Mean age of
participants was 20 years. Mean height (in meters) of
men (1.717±0.0137 SD), was significantly greater than of
women (1.586±0.012 SD); p<0.001. Mean weight (in Kg)
of men (72.96±15.27SD) was significantly greater than
for women (61.77±13.09 SD); p<0.001. However, mean
BMI of men (24.21±4.68 SD) Kg/m2 was not
significantly different from women (24.11±4.93 SD)
Kg/m2.
Right and left hand 2D:4D ratios were not significantly
correlated with height or weight in men or women. Right
2D:4D ratio showed an increase with BMI but there was
no significant correlation.

2D:4D ratio
All participants were asked to place both their hands,
fingers together, on the surface of a scanner (Canon
MP258). Scanned images were saved as pdf documents.
The lengths of the second (2D) and fourth digits (4D) of
the right hands were measured from the tip of the finger
to the ventral proximal crease using the measurement tool
in adobe.

In men, HGS of the right hand was positively correlated
with height (r=0.4, p<0.05), and weight (r=0.30, p<0.05).
For the left hand, HGS was positively correlated with
height (r=0.26, p<0.05) and weight (r=0.37, p<0.05). No
significant correlations were found for HGS with BMI in
men.
HGS was weakly but significantly correlated with weight
in women for right hand (r=0.33, p<0.05) and for left
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hand (r=0.7, p<0.05). No significant correlation was
found for height or BMI with HGS.
The mean right hand 2D:4D ratio in men (0.957±0.037
SD) was significantly less than in women (0.975±0.034
SD) (p<0.01) (Figure 1). The mean Left hand 2D:4D
ratio in men (0.95±0.031 SD) was significantly less than
women (0.968±0.030 SD), p<0.0001. There was a
significant positive correlation between the right and left
hand 2D:4D ratios in women (p<0.0001) and men
(p<0.0001).

Figure 1: Comparison of 2D:4D ratio of males versus
females

Mean HGS of the right hand in men (40.91±6.78 SD) was
significantly greater than that of the left hand (37.17±6.89
SD). Mean HGS of the right hand in women
(25.747±4.54 SD) was also significantly greater than that
of the left hand (23.03±4.41 SD). HGS of the right hand
was correlated positively with the left HGS in women
(r=0.69, p<0.0001) and men (r=0.84, p<0.0001).

Figure 4: Correlation between 2D:4D ratio and hand
grip strength for the left hand (blue dots represent
data points for males, brown dots represent data
points for females).
HGS of the right hand in men was found to be
significantly greater than women; p<0.0001 (Figure 2).
For the left hand, men had a significantly greater HGS
than women; p<0.0001. In addition, 2D:4D ratio showed
a weak but significant negative correlation in men with
HGS of the right hand (r=0.27, p<0.05) and of the left
hand (r=0.24, p<0.05) (Figure 3). A weak but significant
correlation was found between 2D:4D ratio and HGS in
women for the left hand (r=0.19, p<0.05) but not for the
right hand (Figure 4).
DISCUSSION

Figure 2: Comparison of handgrip strength of males
versus females.

Figure 3: Correlation between 2D:4D ratio and Hand
grip strength for the right hand (blue dots represent
data points for males, brown dots represent data
points for females).

As computer based analyses have been found to be more
accurate than other methods of measuring digit ratios, we
used scanned images along with a computer based
measurement tool (adobe measurement tool) for all our
analyses.4
Low 2D:4D ratios appear to be associated with high
levels of foetal testosterone relative to oestradiol, and
high ratios with relatively high levels of foetal
oestradiol.21 In accordance, women have been
consistently shown to exhibit a higher 2D:4D ratio than
men.22,23 Present results were consistent with earlier
reports. Women demonstrated a greater 2D:4D ratio
compared to men for both; the right and left hand. The
sex differences attained a higher significance for the left
hand. These results differed from other studies, which
report a more significant sex difference in the ratios for
the right hand compared to the left hand.24,25 The
difference in results may be attributed to the difference in
ethnicities tested. However, more studies need to be done
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in our population before making a conclusion to this
effect.
There are various conflicting reports on the association of
anthropometric variables with 2D:4D ratio. Some studies
have reported no correlation of weight and height with
2D:4D ratio in men or women.26 However, other studies
have shown a positive correlation for 2D:4D to stature,
mass, BMI, and waist circumference in girls, but the
same correlation was not found for boys.9 In the present
study, we found a positive correlation between height and
weight with 2D:4D ratio in men. A positive correlation
was found between weight and 2D:4D ratio in women,
but no correlation was seen between height and 2D:4D
ratio in women. These results were similar for both right
and left hands. It was reported in a study that the gender
differences in 2D:4D could be attributed to differences in
height and disappeared after controlling for height.27 This
however, this doesn’t explain our results in women.
Based on our results, gender differ in 2D:4D ratio are not
related to height, at least in women.

It appears that the relation of 2D:4D ratio to HGS may
depend on factors like ethnicity and cannot be
generalized. Further studies should explore the
relationship in populations of different ethnicities.
2D:4D has been reported to differentiate between
basketball players competing at different standards but
could not differentiate between players within the same
competitive standard.34 The present study shows that
2D:4D of the right hand cannot differentiate between
different handgrip strengths amongst women but is
sensitive enough to be able to differentiate handgrip
strengths of men from women. It can also differentiate
between different strengths in men for both the hands and
between different strengths in the left hand for women.
CONCLUSION
2D:4D ratio is a good measure of Hand grip strength in
men, but is not a robust measure of HGS in women.
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