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IntroduCtIon 
Digit ratio is the ratio of length of different digits or fingers typically 
measured from the mid-point of bottom crease where the fingers 
join the hands to the tip of the fingers. However, most commonly, 
digit ratios indicate only 2D (index finger):4D (ring finger) ratios [1]. 
Digit ratio is a sexually dimorphic trait found in a variety of species 
ranging from humans and mice to zebra finches and is constant 
since birth [2]. Variations have been reported in different ethnic and 
geographic groups. The ratios vary among different ethnic groups 
which is far larger than different between the sexes [3]. Measures of 
2D:4D from various ethnic groups were done by Manning et al., and 
it was shown that in addition to the significant sexual dimorphism 
in 2D:4D, the mean ratios varied between the English, Scottish, 
Uygur, Han and Jamaican children [3,4]. Another study on children 
showed higher ratios among the Caucasians when compared to the 
Blacks and the Hans ethnicity of China [5]. Studies in South Indian 
Population have also identified the sexual dimorphism in 2D:4D 
ratios [6]. 

Digit ratio is reported to be influenced by the prenatal androgen 
exposure to the foetus. Analysis of amniocentesis samples have 
shown that the digit ratio is negatively correlated to prenatal tes-
tosterone, but positively to oestrogen exposure [7]. In other words, 
a foetus with more exposure to testosterone is expected to have 
lower (masculine) digit ratio. Usually, the male foetuses have a 
higher testosterone exposure and hence, the males always have 
lesser digit ratios when compared to females. Likewise, the females 
have lesser testosterone exposure and therefore, higher (feminine) 
ratios. 

Evidence in support of this view comes from the presence of 
masculine or lower digit ratios in children with Congenital Adrenal 
Hyperplasia (CAH) who have higher androgen exposure and females 
suffering from CAH [8]. Likewise, in Klinefelter’s syndrome, higher 
or feminine digit ratios, attributable to a low testosterone exposure 
have been reported [9]. Few studies have reported that maternal 
smoking during pregnancy elevates the prenatal testosterone and in 
turn is associated with low or masculine 2D:4D ratios  in the children 
[10].

Ratio of 2D:4D (Index finger: Ring finger) has been shown to be 
more sensitive, despite other digit ratios (3D:5D) displaying sexual 

dimorphism and relationship to various human phenotypic traits 
[11]. Existing literature also shows accumulating evidence on 2D:4D 
ratio showing correlations with various traits in humans. It is thus 
considered to be a proxy marker of prenatal androgen exposure 
[12]. A longer index finger will result in a ratio higher than 1, while a 
longer ring finger will result in a ratio of less than 1. The second digit 
is typically shorter in both males and females, while the difference 
in length of the two digits is greater in males than females. The 
normal range of 2D: 4D ratios among males and females have been 
reported to be 0.947±0.029 and 0.965±0.026, respectively [13].

Molecular level studies have observed that prenatal testosterone is 
related to HOX A and HOD A gene expression. HOX A genes are 
highly conserved in mammals and they influence the differentiation 
of digits and toes. Hox A genes have also been implicated in sex 
determination, morphogenesis of urinogenital system, fertility 
and haematopoiesis [14]. This explains the sexual dimorphism 
pertaining to digit ratios. Further, studies have shown the influence 
of variations in the X- linked androgen receptor gene on the digit 
ratios. Ratio of 2D:4D is also affected by increased DNA replication 
of Cysteine-Adenine-Guanine (CAG) in the androgen receptor gene. 
If the alleles in the Androgen Receptor (AR) genes have more CAG, 
then it makes the AR gene insensitive to the testosterone while it is 
compensated by producing more testosterone in the embryo [15]. 
Interestingly, there is no correlation between digit ratio and adult sex 
hormone levels.  It appears to be a function of androgen sensitivity, 
rather than the androgen concentration. This reiterates the fact that 
digit ratio is fairly constant from birth or late infancy onwards. 

CorrELAtIon BEtWEEn dIGIt rAtIoS And VArIouS 
HuMAn trAItS:
Inter sexual and intra sexual variations in 2D:4D ratio in humans 
have been observed and reported pertaining to various traits, 
abilities and disorders. Higher testosterone levels in utero facilitate 
the development of male typical characteristics and in turn inhibit 
the female typical characteristics. The authors have tabulated a list 
of sexually dimorphic traits that have shown correlation with the digit 
ratios [Table/Fig-1] [16-24].

Traits ranging from musical abilities, numerical and spatial skills and 
sporting capabilities have been reported to be associated with the 
digit ratios in different populations [16]. Lower or masculinised 2D:4D 
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ABStrACt
Digit ratios, especially 2D:4D ratio, a potential proxy marker for prenatal androgen exposure shows sexual dimorphism. Existing literature 
and recent research show accumulating evidence on 2D:4D ratio showing correlations with various phenotypic traits in humans.  Ratio of 
2D:4D is found to correlate negatively to testosterone and positively to oestrogen in the foetus. Interestingly, it is constant since birth and 
not influenced by the adult hormone levels. Usually, males have lower ratios when compared to females. Prenatal androgen exposure 
and therefore, digit ratios have been reported to be associated with numerical competencies, spatial skills, handedness, cognitive 
abilities, academic performance, sperm counts, personalities and prevalence of obesity, migraine, eating disorders, depression, myopia, 
autism etc. The authors have attempted to write a brief account on the digit ratios and the dimorphism observed in various physiological, 
psychological and behavioural traits. Also, the authors have discussed the relevant molecular basics and the methods of measurement 
of digit ratios.
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Parameters
Low digit ratios
(masculine ratio)

high digit ratios
(Feminine ratio)

Physiological Left handed preference [21-23] Lowered sperm counts [23]
Increased risk for heart disease 
[17]
Increased risk of obesity and 
metabolic syndrome [17] 

Pathological Increased risk for anxiety [18] Increased risk of depression and 
eating disorders [18]

Behavioural Assertiveness in females [19-21] 
 Aggression in males [19-21]

Numerical skills [16]

S e x u a l 
Orientation

Hetero sexual Preference [24] Homosexual preference [24]

[table/Fig-1]: Correlation between the digit ratios and various traits in humans [16-
24].

ratios showed a relationship with better arithmetic, visual and spatial 
skills [16]. Males with higher or feminine digit ratio personalities 
are more prone to have low sperm counts, increased risk of heart 
disease, obesity and metabolic syndrome [17]. Also, prenatal tes-
tosterone levels have been implicated in migraine, autism, dyslexia, 
infertility and breast cancer [17].

Higher ratios as in females or feminine digit ratios in males showed 
correlation with eating disorders, anxiety and depression [18]. Low 
digit ratio is associated with certain characteristics like aggression 
in males and assertiveness in females [19]. Michelle et al., reported 
male vulnerability to behaviour disorders in childhood and female 
vulnerability to emotional disorders in adolescence [20]. It has been 
reported that prenatal testosterone may modulate striatally – based 
dopaminergic circuits and place boys at greater risk of disruptive 
behavioural disorders. Further, oestrogen at puberty may have 
certain effects on the serotoninergic pathways and place girls at 
greater risk for mood disorders. Men with lower (masculine) 2D:4D 
ratios showed lower aggression scores while men with higher 
(feminine) ratios scored higher on a test for depression [2,10].

Hand dominance or handedness has also been suggested to 
be a marker of in utero testosterone exposure and therefore few 
studies have explored the relationship between the 2D:4D ratio 
and the handedness of an individual. Nevertheless, the data has no 
consensus with reports showing inverse, null and direct associations 
with left hand dominance [21,22]. It has also been hypothesized 
that left hand dominance is associated with high in utero estrogen 
exposure, as evidenced by the increased number of left handed 
individuals in diethylstilbestrol (DES) exposed populations. On the 
contrary, research from Manning and colleagues have linked the 
lower right hand 2D:4D ratio and left hand writing preference, which 
supports an association between high prenatal testosterone and left 
hand dominance [23]. 

MEASurEMEnt oF dIGIt rAtIoS
Digit ratios have been measured by different techniques - by using 
vernier calipers, photographs of the hands and scanning the hands. 
The authors have briefly summarized the techniques, advantages 
and disadvantages of each of the above mentioned methods.

digital Calipers
The lengths of second digit (index finger) and fourth digit (ring fingers) 
are measured from the fingertip to the midpoint of the basal crease, 
on the ventral surface of the hand, using digital vernier calipers 
[Table/Fig-2]. The 2D:4D ratio is obtained by dividing these values. 
Usually, two or more measurements are taken to ensure reliability 
[25]. The mean of the multiple measurements are taken for right 
and/or left hand and divided for the calculation of 2D:4D ratio of the 
right and left hands separately. It has been argued that the right digit 
ratio is more differentiated and sensitive to prenatal testosterone 
exposure, while others report an averaged 2D:4D ratio across both 
hands [26,27]. 

role of X-rays
X-rays have also been used for the measurement of the digit ratio in 
few studies. But there is always an ethical consideration with regard 
to exposure to radiations.

using Photographs
Digit ratio can also be measured by indirect techniques such as 
photographs of the hands. Photographs are taken using a digital 
camera with the hand held in supination and fingers completely 
extended [28]. The length of the fingers can be subsequently 
measured directly or by using image editing software [27].

using Photocopies
Digit ratios can also be measured by taking the photocopies of the 
hands. Few studies have reported that the 2D:4D ratio obtained 
from the photocopies tend to be lower than the values obtained 
from direct measurements [29]. The differences in the lengths of 
2D tend to be shorter or equal in length when compared to direct 
measurements; whereas, the values of 4D will be longer or equal in 
length in comparison to the direct measurements. Digit ratio values 
obtained from the photocopies and direct measurements cannot be 
used in comparative trials or in one single study. The difference in 
values from these two techniques could be attributed to the shapes 
of the fat-pads at the tips of the fingers.

using Scanners
Direct measurement and photocopies are reported to be of 
lesser accuracy and therefore, use of digital scanners came into 
vogue (e.g., Visioneer One Touch 9220 Scanner) [29,30]. Flat-bed 
scanners are appropriate tools in terms of precision, practicality and 
costs involved. The subject is asked to place both the hands on the 
scanner with all the fingers in both the hands, straight and visible. 
Prior to scanning, small marks are drawn on the basal creases of 
the index and ring finger, in order to increase the accuracy. Using 

[table/Fig-2]: Measurement of 2D:4D ratio using digital vernier calipers.
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image editing softwares (e.g., Adobe Photoshop) the adjustment of 
contrast, brightness and size can be done. It can also be measured 
by using GNU Image Manipulation Program (GIMP) measure tool 
[25]. Also, prints of the scanned images can be taken; on which 
direct measurements are made using calipers [30]. The major 
disadvantage of this technique is improper placement of hands on 
the scanner (e.g., pressing too hard - there should be some gap 
between the scanner and the hands) or show their finger prints. 
Moving the hands also result in blurred images. 

ConCLuSIon
Digit ratio is sexually dimorphic and can be used as window for in 
utero exposure to androgens, especially testosterone. 2D:4D ratio 
has been shown to differ in all sexually dimorphic traits. However, 
there is no consensus on the intra-sexual and inter-sexual variations 
in digit ratios and traits across various ethnic groups. The recent 
surge in the number of studies on digit ratios, especially in India 
may open more avenues to be explored in this regard. More 
robust studies on large samples can help us establish meaningful 
associations between digit ratios, prenatal androgen exposure and 
sexually dimorphic traits. 
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