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Abstract 
Since second-to-fourth digit ratio (2D:4D) measures might afford a window into the prenatal 
environment in terms of testosterone exposure, many researchers are focused to find out the 
relations between sexually dimorphic characteristics and 2D:4D. Aim of this study is to find 
out whether there is a relation between sexually dimorphic subcutaneous fat distribution and 
2D:4D. Height, weight and skinfold thickness (SFT) were measured in 120 male and 120 
female university students. Trunk SFT (sum of subscapular and supraspinale) and limb SFT 
(sum of triceps, biceps and calf) was used as the absolute amount of the trunk and limb fat, 
respectively. Limb / trunk fat ratio were used as the indices for the relative distribution of fat 
mass in the trunk and limbs. The length of index and ring fingers of the participants was 
measured to the nearest 0.01 mm using Vernier caliper, directly on fingers. As a result 
correspondingly to the feminine 2D:4D in both hands of men and in the right hand for 
women; body fat distribution gets feminine. There was no relationship between total fatness 
and 2D:4D for either sex. These findings could mean that sexually dimorphic body fat 
distribution is closely related not only to postnatal but also to prenatal steroid levels. 
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Introduction 

It has been known for over 100 years that males, on average, have relatively long ring 
fingers (fourth digit) than females (Ecker, 1875; Baker, 1888; see for review Peters et 
al., 2002). The ratio of the lengths of the index (2D) and ring (4D) fingers, expressed as 
the ratio 2D:4D, has been proposed as a negative marker of prenatal androgen action 
and a positive marker of prenatal estrogen. A lower 2D:4D is indicative of relatively 
higher prenatal testosterone than estrogen levels, which means that men may have, 
on average, lower digit ratios than women (Manning, 2002). The sex difference in 
2D:4D is observable at the end of the first trimester of fetal development (Malas et al., 
2006). Right hand 2D:4D measured at 2 years of age was found to be negatively 
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correlated with the ratio of testosterone to estradiol measured by amniocentesis in the 
second trimester (Lutchmaya et al., 2004).  

Since 2D:4D measures might afford a window into the prenatal environment in 
terms of testosterone exposure, many researchers are focused to find out the relation 
between some sexual characteristics and 2D:4D. In these studies, relations between 
2D:4D and many other characters like physical and psychological anomalies, some 
diseases, sexuality, fertility, attractiveness, sexual selection, perceptive and cognitive 
abilities and sportive performance were examined (see Voracek and Loibl, 2009). 

Homo sapiens display marked size and shape sexual dimorphism, suggestive of 
strong sexual selection. In all human societies the most fundamentally distinguished 
sexually dimorphic characteristics between females and males are that men have 
greater height, larger size, and shorter legs relative to height than women. The greater 
and taller the body structure of men, the greater advantage they have during the 
intra-male competition for partners. Also the athletic body required for hunting made 
the man builds better developed musculoskeletal system. In women, significant 
amount of subcutaneous fat is a metabolic adaptations to periodic starvation, 
particularly in periods of pregnancy and lactating (Dixon, 2009). 

As well as the difference of amount of subcutaneous fat, subcutaneous fat 
distribution is also sexual dimorphic. While the body fat is distributed mainly around 
hip and extremities in women, it is distributed around abdomen and trunk in men 
(Rodriguez et al., 2005). This distribution of body fat is thought to signal the ratio of 
pubertal/adult estrogen to testosterone, since the predominance of estrogen at 
puberty produces a typical female body shape, while the predominance of 
testosterone produces a typical male body shape (Bjorntrop 1997).  

Several studies have assessed associations between 2D:4D and body fatness (Fink 
et al. 2003; 2006; Muller et al., in press). But In these studies, subcutaneous fat 
distribution, which is differential between sexes, could not be measured directly. Aim 
of this study is to find out whether there is a relation between sexually dimorphic 
subcutaneous fat distribution and 2D:4D.  
 
Material and methods 

Study sample 
This study was performed on 240 university students (males: N = 120, mean age = 
21.40, SD = 1.88; females: N = 120, mean age = 21.73, SD = 1.68,) at Cumhuriyet 
University in Sivas, Turkey. The ages of the individuals were recorded as 
day/month/year and later calculated by the decimal system (Tanner et al., 1969). 
There was no difference between sexes in terms of the mean average age (F = 2.05, P > 
0.05). The individuals, in general, belong to the middle socioeconomic status.  
 
Measures of digits and subcutaneous fatness   
The length of index and ring fingers of the participants was measured to the nearest 
0.01 mm using Vernier caliper, directly on fingers. Manning et al. (2010) concluded 
that direct measurement of finger length is as reliable as indirect measurements (i.e., 
photocopy). Length of the second and fourth digits of right and left hand were 
measured from the crease proximal to the palm to the tip of the finger. The 
measurements were made twice with the second measurement made blind to the test 
and these measures displayed a high repeatability (all intraclass correlations = 0.91 to 
0.98, all P < 0.0001). Average measures were used in analysis. Those participants who 
reported injuries to the second or fourth digits were discarded form the analyses (N = 
3). 2D:4D was calculated by dividing 2nd by 4th digit length (Manning et al., 1998). In 
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addition to this, the left digit ratio was subtracted from the right digit ratio to give a 
measure of directional asymmetry of 2D:4D. Associations between body fatness and 
2D:4D were assessed separately for right and left 2D:4D, as McFadden and Shubel 
(2002) have suggested that hormone effects on hand growth may differ. Edinburgh 
Handedness Inventory was also applied to determine the handedness of the 
individuals (Oldfield, 1971).  

Height, weight and fat measurements were taken in accordance with the 
techniques proposed by the International Society for the Advancement of 
Kinanthropometry (ISAK) protocol (Marfell-Jones et al., 2006). In addition, body mass 
index (BMI) values were calculated by dividing the body weight (kg) by body height 
in meters squared. The body weight of minimally clothed individuals was measured 
with a digital scale, sensitive to 0.1 kg (Tanita TBF-305, Tanita Corp. Tokyo, Japan). 
Their clothing weight was noted on measurement registry forms so that the actual 
body weight could later be obtained by subtracting the clothing weight. Body height 
was measured with a Martin portable anthropometer with 0.1 cm sensitivity.  

Skinfold thickness (SFT) was measured using Holtain skinfold caliper to the 
nearest 0.1 mm. Measurements sides included five skinfolds: triceps (the most 
posterior surface of the arm over the triceps muscle), biceps (the most anterior surface 
of the arm in the mid-line at the level of the mid-acromiale-radiale landmark), calf 
(the most medial aspects of the calf at the level where maximal circumference), 
subscapular (2 cm along a line running laterally and obliquely downward from the 
subscapular landmark at a 450 angle), supraspinale (the line form the marked 
iliospinale to the anterior axillary border which intersects with the horizontal line at 
the superior border of the ilium). Trunk SFT (sum of subscapular and supraspinale) 
and limb SFT (sum of triceps, biceps and calf) was used as the absolute amount of the 
trunk and limb fat, respectively. Limb / trunk fat ratio were used as the indices for 
the relative distribution of fat mass in the trunk and limbs.  
 
Statistical analysis 
All analyses were performed using to computer program SPSS for Windows 
(Statistical Package for the Social Sciences, version 17.0, SSPS Inc, Chicago, IL, USA). 
Weight and height values were compared by using ANOVA. Since BMI and SFTs and 
all ratios were not normally distributed for these variables, sexes were compared by 
Kruskal-Wallis non-parametric ANOVA. Partial correlation coefficients were used for 
assessing the relationship between 2D:4D and body measures. Some studies put 
forward a significant relation between 2D:4D ratio and handedness (see Stoyanov et. 
al., 2009). Therefore, age and handedness were evaluated as control variables in 
partial correlation analysis.  
 
Results 

Descriptive statistics of weight, height and BMI were as follows; mean weight of 
males were 64.69 kg (SD = 11.43), females were 61.66 kg (SD = 12.11), F = 3.98 
(P<0.05), mean height of males were 168.42 cm (SD = 8.05), females were 163.97 cm 
(SD = 8.04), F = 18.38 (P<0.001), BMI of males were 22.73 kg/m2 (SD = 3.22), females 
were 22.90 kg/m2 (SD = 3.87), F = 0.13 (P>0.05). As observed, males were significant-
ly taller and heavier; but the difference in BMI between the sexes was insignificant. 
No association was found between 2D:4D and weight, height and BMI in both sexes 
(all P>0.05).  
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Table 1: Means (M) and standard deviations (SD) for 2D:4D, five skinfold thickness, limb fat, 
trunk fat, total fat and fat ratio 

 Males Females  
 Mean SD Mean SD Chi-Square 
Right 2D:4D 0.95 0.033 0.97 0.027 11.13*** 
Left 2D:4D 0.96 0.031 0.98 0.032 7.72** 
Triceps 7.43 3.25 10.73 8.17 12.03*** 
Biceps 3.95 1.27 5.22 2.96 14.16*** 
Calf 9.49 3.66 11.95 7.59 4.98* 
Subscapular 9.29 2.44 10.38 3.81 0.010 
Supraspinale 7.98 2.35 8.90 3.36 3.67 
Limb fat1 20.87 7.30 27.91 11.46 9.40*** 
Trunk fat2 17.86 4.23 19.28 6.82 0.50 
Total fat3 38.74 10.75 47.27 23.23 3.90* 
Fat ratio4 0.97 0.26 1.14 0.43 9.87*** 
* P<0.05  
** P<0.01  
*** P<0.001,  
1 = biceps + triceps + calf  
2 = subscapular + supraspinale  
3 = Sum of all skinfolds  
4 = (biceps + triceps + calf) / (subscapular + supraspinale) 
 

Table 2: Partial correlations between, limb fat, trunk fat, total fat and fat ratio and 2D:4D and 
directional asymmetry of 2D:4D (control variables = age and handedness) 

 Trunk 
fat2 

Total fat Fat ratio3 Right 
2D:4D 

Left 2D:4D D r-l 

Males       
Limb fat1 0.720*** 0.962***  0.442***  0.202* 0.138 -0.001 
Trunk fat2   -- 0.882*** -0.093 -0.032 0.022 -0.055 
Total fat3   --   --  0.264**  0.098 0.086 -0.022 
Fat ratio4   --   --   --  0.401*** 0.283**  0.196* 
Right 2D:4D   --   --   --   -- 0.550***  0.635*** 
Left 2D:4D      -0.297*** 

Females       
Limb fat1 0.783*** 983** 0.561*** 0.194* 0.126 -0.077 
Trunk fat2   -- 883** 0.240** 0.016 0.115 -0.043 
Total fat3   --   -- 0.494*** 0.075 0.107 -0.071 
Fat ratio4   --   --   -- 0.375*** 0.175  0.146 
Right 2D:4D   --  --   --   -- 0.613***  0.364*** 
Left 2D:4D      -0.513*** 

*P<0.05  
** P<0.01  
*** P<0.001  
1 = biceps + triceps + calf  
2 = subscapular + supraspinale  
3 = Sum of all skinfolds  
4 = (biceps + triceps + calf) / (subscapular + supraspinale) 
 

Averages of digit ratio, SFTs, limb fat, trunk fat, total fat and fat ratio are in 
Table 1. 2D:4D, as expected, was lower in males than females for both hands. Right 
hand 2D:4D ratio was also lower for both sexes. While triceps, biceps and calf SFTs 
were higher in girls, subscapular and supraspinale SFTs representing trunk fatness 
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were not different. Similarly, the limb fat level which consists of three SFTs 
representing peripheral fatness was significantly higher in females. When males and 
females are matched, the trunk fat data, which is calculated summing up 
subscapular and supraspinale SFT values, does not make sense. The total fat value 
that I find summing up five SFTs was significantly higher in females. As expected, 
fat ratio value was higher in females (P<0.001).  

According to partial correlation analysis, there was a positive correlation 
between limb fat, fat ratio and 2D:4D in both sexes. However, fat ratio was related 
with both right and left hands 2D:4D, and limb fat was related with only right hand 
2D:4D. In females, on the other hand, limb fat were related with both hands 2D:4D 
and fat ratio was related with only right hand 2D:4D. The correlation between trunk 
fat, total fat and 2D:4D was not significant for both sexes. There was no relationship 
between total, trunk and limb fat and Dr-l for either sex. 

 

 
Fig 1: Associations between fat ratio and 2D:4D ratio in males. 
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Fig 2: Associations between fat ratio and 2D:4D ratio in females. 

 

Discussion  

According to the results of this study, there was a significant correlation between 
subcutaneous fat distribution and 2D:4D for both sexes. Correspondingly to the 
feminine 2D:4D in both hands of men and only in the right hand for women; body fat 
distribution gets feminine. This correlation particularly appears depending to the 
increase of amount of fat in extremities.  

The sole study based on measuring amount of body fat was conducted by Muller 
et al. (2012). In this study, researchers examined (8840 women and 6076 men) 
subjects’ fat and lean body mass and waist and hip circumference as well as their 
weight and height. In this study which has an impressive sample size, they observed 
no strong association between 2D:4D and height, weight, BMI, waist circumference, 
hip circumference, waist-to-hip ratio, fat mass, fat-free mass or percentage fat mass 
(Muller et al., 2012). The body mass index and the waist-to-hip ratio are two variables 
relations of which between 2D:4D are researched in some studies since the former is 
an indirect indicator of amount of body fat and the latter is so of fat distribution. Fink 
et al. (2003) found moderately strong inverse associations between waist 
circumference, hip circumference and waist-to-chest ratio and both right and left 
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2D:4D for women. This study also found that BMI was strongly positively correlated 
with left 2D:4D for men. McIntyre et al. (2003) found a weak inverse association 
between right 2D:4D and waist circumference in a sample of 42 men. Fink and his 
colleagues (2006) found in another study that right 2D:4D was inversely associated 
with hip circumference and positively correlated with waist-to-hip ratio for men, but 
found no associations between 2D:4D and any anthropometric measure for women 
(Fink et al., 2006).  

In my study, it was remarkable that, corresponding to the limb fatness which was 
regarded as a feminine characteristic, digit ratios become feminine for both sexes. 
Since 2D:4D is supposedly related to prenatal hormonal levels (Manning et al., 1998, 
Manning, 2002) my study suggests an early organizational effect of sex hormones 
through the association between body fat distribution and finger length patterns. 
However, at this point the challenging question is; why is not there a correlation 
between total body fatness, trunk fatness and BMI and 2D:4D. The answer to the 
question could be the sex hormones that have more active role on distribution of fat 
in body. 

It is known for a long time that subcutaneous fat distribution is a sexually 
dimorphic. The ratio of triceps +biceps/subscapular + suprailiac is around 3% greater 
in females compared to males (Rodriguez et al., 2005; for review see Wells, 2007). 
Many studies consistently demonstrate that SKFs ratios diverge markedly between 
the sexes at puberty (Rolland-Cachera et al., 1990; Malina and Bouchard, 1991; Wells, 
2007) with these differences maintained into the fifth decade of life. These differences 
can be attributed to a tendency for increased peripheral fat accumulation in females 
but not males, with this pattern reported in all the major ethnic groups (Wells, 2007). 
Nindl et al. (2003) examined regional body composition data obtained in 120 adults 
using dual energy x-ray absorptiometry. They found that both sex have a similar 
amount of fat in the trunk, but females have around 10% more in the arms and 30% 
more in the legs. In my study, as is seen in Table 1, sexes had no significant difference 
in trunk fatness. However, limb fatness was 33% higher in girls. These findings put 
forward that sexual dimorphism was more significant in limb fatness. The significant 
relation between limb fatness and 2D:4D makes me consider that the sex hormones 
are more effective on limb fatness not on the trunk fatness.  

Evidence for exogenous sex hormone administration on body fat distribution can 
be observed in transsexual men and women. Elbers et al. (1997) found that long term 
testosterone administration in young, non-obese, female subjects increases the 
amount of visceral fat. In addition, an increase in weight in this hyperandrogenic 
state leads to a preferential storage of fat in the visceral depot. After all, in another 
study conducted by Elbers et al. (1999), 12 men, who reassigned their sex, have been 
given estrogen for a long time and at the end of the process it is found out that 
subjects’ subcutaneous fat amount has increased particularly in arms and legs. 

As a result, according to this study in which correlation between subcutaneous 
fat patterns and 2D:4D is examined in 240 young adults; it was found out that there 
was not an important relation between total amount of body fat and 2D:4D. On the 
contrary, there was significant relation between 2D:4D and body fat distribution. 
These findings could mean that sex specific body fat distribution is closely related not 
only to postnatal but also to prenatal steroid levels. 
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