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ABSTRACT 
 

Introduction and Aim: Prenatal androgens are believed to be one of the probable etiological factors influencing 

intellectual development of an individual. In-utero testosterone exposure has been thought to affect the digit ratio 

which is the ratio of lengths of index finger and ring finger (2D:4D). In the present work we intended to study the 

correlation of 2D:4D with numerical and verbal intelligence believed to be variable among genders. The aim of our 

study was to find the association of 2D:4D with Verbal Intelligence and Numerical Intelligence in a sample of medical 

students.  
 

Materials and Methods: This study was conducted in a sample of medical students. 44 female and 44 male students 

participated in the study. 2D:4D measurements were made using standard procedure after which the participants 

completed a questionnaire containing 20 questions each to test numerical and verbal intelligence.  
 

Results: In this study, Males were found to have a lower 2D:4D when compared to females. Individuals with lower 

2D:4D in their right-hand were seen to have lower verbal intelligence and higher numerical intelligence thus 

suggesting that males are born with  better numerical intelligence and females with greater verbal intelligence. 
 

Conclusion: Digit ratio can be considered as a valuable indicator of individual differences in terms of intelligence, 

although the exact role of testosterone on brain to cause variation in these cognitive domains is yet to be clearly 

understood. 
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INTRODUCTION 
 

he ratio of the lengths of 2nd to 4th digits (2D:4D) 

is found to be sexually dimorphic. Greater 

proportion of males has shorter index finger 

than ring finger compared to that of  women (1, 2). The 

sex differences occur at a prenatal age of 13-14 weeks 

post-conception (3) and is highly dependent on  

prenatal androgen exposure during the fetal 

development (4). Both sex steroids, estrogen and 

androgen have been found to play a dominant role as 

a deciding factor of morphological sex differences 

during the early fetal development. The masculinizing 

and defeminizing influence of low prenatal 

oestrogens, high prenatal androgens or both produces 

a low 2D:4D (5). The sexual differentiation of the 

brain has also been assumed to depend on these steroid 

hormones. 
  

In humans, low 2D:4D is well correlated to a 

masculine pattern with higher numerical 

intelligence/performance(6). Similarly, females with 

high 2D:4D is well correlated to low/absence of 

prenatal testosterone which causes feminine pattern 

with high verbal intelligence (7, 8). In a study 

conducted by Luxen MF and his associate, a positive 

correlation between verbal intelligence and right hand 

2D:4D was reported. Numerical intelligence was seen 

to be higher in individuals with lower rigt hand 2D:4D 

(7).  
 

The aim of the present study is to determine 

relationship between the 2D:4D of an individual and 

his/her numerical and verbal intelligence, both in male 

and female students of Private Medical College, 

Karnataka, India. To the best of our knowledge no 

research has been carried out so far to evaluate the 

relation between 2D:4D and verbal and numerical 

intelligence in medical students.  
 

MATERIALS AND METHODS 
 

A sample of 88 (44 male and 44 female) student 

volunteers was studied at a Private Medical College in 

Karnataka, India. Institutional ethical clearance was 

obtained to carry out this work (IEC 293/2015). 

Within this sample, students from MBBS and BDS 

courses were included. The lengths of the index finger 

(second digit) and the ring finger (fourth digit) at the 

palm-side were measured with a measurement scale. 

We took direct measurements of the hands, not of 

photocopies of the hands. Right hand was chosen for 

the study because the right hand was found to show 

more significant results (12). 2D:4D was calculated by 

dividing the length of the index finger by the length of 

the ring finger. After the measurements were made, a 
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questionnaire containing 20 numerical and 20 verbal 

questions were distributed to all the 88 student 

volunteers. Informed consent was taken before they 

were asked to respond to the questionnaire.The 

students were then divided in to five categories based 

on the scores, the details of which are shown in table 

1. 
  

Table 1:  Categories to which students fall based on 

the scores 
 

Category Scores 

Genius 10 

Gifted 8-9 

Above average 4-7 

Below average 2-3 

Poor 0-1 
 

RESULTS  
 

Fig.1 presents sex differences in 2D:4D ratios for all 

participannts. Among 15 students with 2D:4D lower 

than 1, 66% were males. We also observed that, out of 

36 students with  2D:4D ratio of more than one, 61% 

were females. It is clear from the figure that, the digit 

ratio is a dimorphic trait with respect to gender. 
 

 
 

Fig. 1: 2D: 4D distribution in male and female students 
 

Fig. 2 presents finding on numerical intelligence 

among male and female participants. 16% of males 

were gifted and 52% of males showed above average 

numerical intelligence. Very small percentage of male 

participants (7%) in our study showed poor numerical 

intelligence. In contrast, among female participants, 

only 50% showed above average numerical 

intelligence, 4.5% were gifted. Overall, 68% of males 

showed higher numerical skills as compared to that of 

females where it was found to be 54%. Thus numerical 

intelligence level was observed to be higher in males 

than in females. 

 
Fig. 2: Percentage of males and females with numerical intelligence 

 

Fig. 3 shows the percentage of males and females with 

verbal intelligence. We have observed that 16% of 

males were gifted, 11% were genius and 50% showed 

above average intelligence. Among females, 18% 

were gifted, 4.5% were genius and 45% showed above 

average intelligence. Our results show that males 

score better than females in the verbal intelligence.  

 
Fig. 3: Percentage of males and females with verbal intelligence 
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Fig. 4: Numerical intelligence among the students with 2D:4D ratio < 1 

 

Since in our sudy groups, male students were seen to 

score better both in assessment of numerical skills and 

in verbal intelligence when compared to females,we 

considered the students with the 2D:4D ratio < 1 to 

assess numerical skills and students with 2D:4D 

ratio > 1 to check the verbal intelligence, irrespective 

of gender.  Fig. 4 shows the numerical Intelligence 

among the students with 2D:4D ratio < 1. It is 

observed that, about 53% of the students showed 

above average, 7% of them were gifted and 40% of 

them were below average numerical intelligence. 

However there were no poor or genius students. When 

the verbal intelligence were compared among the 

students with 2D:4D ratio > 1 (Fig. 5), we observed 

that about 38% of them were gifted with verbal 

intelligence and 37% of them were showing above 

average intelligence. Only 3% of the students showed 

poor intelligence. In this study, although,males seem 

to outperform the females with respect to both 

numerical and verbal skills, digit ratio showed 

negative correlation with numerical intelligence and 

positive correlation with verbal intelligence. 
 

 
Fig. 5: Verbal intelligence among the students with 2D:4D ratio > 1 

 

DISCUSSION 
 

The current study found that males have lower 2D:4D, 

and this finding is in line with many other earlier 

findings (1, 4). It is a well established hypothesis that 

digit ratios are associated with either higher prenatal 

testosterone levels or greater sensitivity to androgens, 

or both (12). In this study we also aimed at finding the 

correlation between 2D:4D and numerical intelligence 

in a population of medical students. Various studies 

have  revealed that males have an advantage over 

females with respect to numerical skills. Royer et al 

(9) has made an extensive review in this regard and 

have put forth the report that gender difference do 

exist with respect to this domain, and also that, a 

number of variables like the mathematical content of 

the tests and age and overall ability of the individuals 

assessed effects the magnitude of the sex difference in 

mathematical abilities. The effect of 2D:4D on  

numerical skill has not been studied in depth. Along 

with the association of gender with different levels of 

numerical ability we also found that, among the 

participants with lower than one digit ratio,larger 

percentage showed above average numerical 

intelligence.  
 

Verbal skills represent ones ability to use language, in 

terms of grammar, spellings, vocabulary, verbal 

analogies and oral comprehension (10). Substantial 

number of studies related to gender effect on verbal 

skills have reported that females have an advantage, 

over males, in performance of verbal tasks (11). In this 

study, when verbal intelligence was assessed with 

respect to gender, we obtained a result that is contrary 

to this common understanding that, females are gifted 

with better verbal intelligence. Verbal intelligence, 

like the numerical skills, has been shown to vary with 

age and the general IQ levels (12). However recent 

literatures have suggested that the existence of gender 

differences for verbal skills is not true for all 

components of this trait. Males have shown to perform 

better in verbal analogies, whereas females are 

favoured with grammar, spellings, reading and writing 

(13). Moreover, few studies have found no significant 
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sex difference in verbal reasoning (14). We also 

analysed the correlation between 2D:4D and verbal 

skill, wherein we assessed the percentage of each 

category under this trait among students with 

2D:4D >1, without considering the gender. Among the 

students with higher than 1 digit ratio, a major 

percentage exhibited above average verbal skills, 

wheras a very small percentage fell into the below 

average and poor category. Similar result was reported 

in a study conducted in a Dutch sample of 44 men and 

37 women in 2005. They found a positive correlation 

between digit ratio and verbal intelligence (7).  
 

While the basis for origin of intelligence remains 

uncertain, the concept of cerebral dominance states 

that exposure of fetus to higher concentrations of 

testosterone in utero augments the development of 

right brain giving rise to higher intelligence (15). It 

was discussed in a review on monozygotic male twin 

that high level of testosterone in prenatal fetus is 

associated with higher level of intellect (16). Although 

the influence of testosterone has been widely studied, 

recently it is being argued that testosterone is one of 

few biological factors affecting  the organization of 

developing brain and also the modulation of cognitive 

functions (17). 
 

Even though the sample size of our study was small, 

our research yielded more conclusive results on the 

influence of testosterone as a deciding factor for the 

development of masculine/feminine traits in an 

individual.  
 

CONCLUSION 
  

We conclude that the digit ratio is sexually dimorphic 

and 2D:4D digit ratio can be compared to person’s 

numerical and verbal intelligence.  This may be the 

result of the prenatal testosterone which influences the 

brain during early development to acquire either 

masculine or feminine traits. The persons with high 

2D:4D ratio express more feminine features and lower 

2D:4D ratio express masculine features. 
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