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SUMMARY 
 

The length ratio of the second to the fourth finger 
(2D:4D) is a possible biomarker of prenatal sex 
hormone levels, which play a significant role in 
determining the sex-related body traits. The aim of 
this study was to assess the association between 
the 2D:4D ratio and morphological characteristics, 
related to sexual dimorphism. We analyzed a 
group of Russian males (N = 169) and females (N 
= 193) aged between 17 and 27 years (with mean 
ages of 18.6±1.50 and 18.9±1.85, respectively) for 
the association between the 2D:4D ratio and a 
wide range of morphological characteristics, some 
of which were considered in this aspect for the first 
time. The 2D:4D ratio in males was significantly 
lower than in females (p ˂ 0.000). A highly statisti-
cally significant correlation was found between 
2D:4D and sexually dimorphic morphological traits 
in the total sample. The association of 2D:4D ratio 
with morphological signs of masculinity/femininity 
within male and female samples were revealed 
only as a trend, which was more distinct for the 
functional indicators (handgrip strength).  
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INTRODUCTION 
 

Sexual dimorphism in humans can manifest in 
many aspects, including morphological, physiologi-
cal, psychological, and behavioral traits. Although 
the variability ranges of these traits may overlap, in 
their extreme expression they are traditionally con-
sidered as indicators of sexual dimorphism and 

morphological masculinity/femininity. The differ-
ences between males and females in sexually di-
morphic traits develop under the influence of sex 
hormones both at the prenatal and postnatal peri-
ods of ontogenesis, especially in puberty. Howev-
er, it is not possible to estimate the ratio of andro-
gens and estrogens during the period of growth 
and development by the level of morphological 
differences between the sexes. In the recent 
years, the digit ratio 2D:4D has been widely used 
for this purpose. The digit ratio is the length ratio of 
the second (index) finger to the fourth (ring) finger 
(2D:4D) and it is lower in men than in women. Sex 
differences in 2D:4D are formed during prenatal 
development (Malas et al., 2006) and remain rela-
tively stable throughout the life (McIntyre et al., 
2005). It was suggested that 2nd to 4th digit ratio 
(2D:4D) is largely determined prenatally by the 
level of androgen and estrogen hormone produc-
tion and might be a marker of prenatal androgens 
level (Manning and Bundred, 2000). Furthermore, 
it was assumed that the digit ratio could predict 
testosterone concentrations in adults (Manning et 
al., 2004; Garcia-Cruz et al., 2012). The possible 
relationship between the digit ratio and prenatal 
sex hormone concentration was supported by a 
study of congenital adrenal hyperplasia (CAH) – a 
disease related to high prenatal levels of andro-
gens. It was shown that males with CAH had lower 
values of 2D:4D (Brown et al., 2002). The useful-
ness of 2D:4D as a marker of prenatal androgens 
concentration was corroborated by the study of the 
relationship between the digit ratios in two-year-old 
children and the levels of prenatal testosterone 
and estradiol in the amniotic fluid for the period of 
their prenatal development. It was revealed that 
low 2D:4D correlates with high concentrations of 
prenatal testosterone relative to estrogen 
(Lutchmaya et al., 2004). It is noteworthy also that 
the sex differences in the 2D:4D ratio were not 
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found on bone material that is more inert in relation 
to hormonal effects (Wallen, 2009; Bakholdina et 
al., 2016). Since the prenatal and postnatal sex 
hormones concentration play a significant role in 
determining the body size and shape, the correla-
tion of the digit ratio with certain sexually dimorphic 
traits, including morphological characteristics of 
masculinity/femininity, if found, can serve as addi-
tional evidence of its role as a possible marker of 
prenatal sex hormone levels. Considering the fact 
that the low digit ratio is typical for men and the 
high digit ratio is typical for women, one should 
expect that negative associations with the digit 
ratio would be observed for masculine features, 
and positive for feminine features. However, data 
on digit ratio associations with morphological sex-
ually dimorphic traits are contradictory. For exam-
ple, a negative correlation was observed between 
the 2D:4D ratio and the newborns size (Danborno 
et al., 2010), body weight (Van Dongen, 2009) 
height (Barut et al., 2008) and waist-to-hip ratio 
(Manning et al., 2000). In other studies, such rela-
tionships were not found, but at the same time, the 
negative correlations of 2D:4D with the waist-to-
chest ratio in women (Fink et al., 2003) and posi-
tive ones with waist-to-hip ratio in men (Fink et al. 
2006) were revealed. A high 2D:4D ratio correlates 
with feminine facial characteristics in women 
(Burriss et al., 2007), whereas statistically signifi-
cant associations were found between the digit 
ratio, sub-adult body size and testosterone levels 
in men (Klimek et al., 2014). However, some of 
these observations were not confirmed by other 
studies (Putz et al., 2004; Kalichman et al., 2017). 
In the study of a large sample of men and women 
from Melbourne, the fact of the absence of signifi-
cant 2D:4D ratio relationships with morphological 
features was even put into the title of the article, 
though the presence of some low-level associa-
tions was yet revealed (Muller et al., 2013). Mean-
while, it was shown that fetal testosterone and fetal 
estrogen might have wide-ranging organizing ef-
fects on different aspects of sex-dependent behav-
ior (Collaer and Hines, 1995; Reinisch et al., 
1991), and there are reliable evidences of 2D:4D 
association with functional indicators, physiological 
signs and psychological features. Thus, the lower 
right-hand 2D:4D ratio was associated with higher 
handgrip strength in German and Mizos Indian 
males (Fink et al., 2006); in the male students of 
the University of Miami (Hone, McCullough, 2012); 
in males of Hani ethnicity of China (Zhao et al., 
2013). Significant associations of low 2D:4D ratio 
in men and high 2D:4D ratio in women with repro-
ductive success, as well as with physiological indi-
cators related to reproduction were also reported 
(Manning et al., 2000; Manning et al., 2003; 
Kalichman et al., 2013; Klimek et al., 2016). Statis-
tically significant negative correlations were found 
between right 2D:4D and indicators of physical 
aggression in boys in Russian samples of children 
and adolescents (Butovskaya et al., 2013), and 
between 2D:4D and dominance in Hadza women 
(Butovskaya et al., 2015). It can be assumed that 

2D:4D, bound in its formation with prenatal hormo-
nal levels, is largely associated with physiological, 
functional and psychological characteristics, which 
are obviously more sensitive to sex hormones of 
the prenatal stage of ontogenesis than morphologi-
cal traits.   

A contradictory picture of associations between 
2D:4D and sexually dimorphic morphological traits 
requires further research. The purpose of our 
study was two-fold. Firstly, we examined the asso-
ciation between the 2D:4D ratio and a wide range 
of sexually dimorphic morphological traits some of 
which, at the best of our knowledge, have not been 
investigated previously. Secondly, we tested a hy-
pothesis that the 2D:4D ratio could be an indicator 
of morphological masculinity/femininity within gen-
der groups.   

 
MATERIALS AND METHODS 
 
Participants and measurements 

The study was conducted in Samara and Sa-
ransk cities in the Middle Volga region of Russia. 
Participants were recruited among young people of 
the Russian ethnicity, including 169 males and 193 
females between 17 and 27 years old (with mean 
ages of 18.6 ± 1.50 and 18.9 ± 1.85, respectively). 
The study was approved by the Bioethics Commit-
tee of Moscow State University and performed on 
the basis of bioethics principles in compliance with 
the requirements of anonymity and data deperson-
alization at the subsequent processing stage, with 
the full consent of the study subjects who were 
explained the purpose of the research.  

Since the purpose of our study was to reveal the 
associations of 2D:4D ratio with sexually dimorphic 
morphological traits, the anthropometric survey 
was aimed at assessing the differences between 
male and female samples by the characteristics of 
the body size and shape. We measured height and 
body weight, body mass index (BMI), shoulder and 
pelvic width, waist and hip circumference, upper 
arm, forearm, and shin circumferences, elbow, 
wrist, knee, ankle width and musculoskeletal mass 
(MSM) assessed by bioimpedance analysis (BIA). 
These traits determine the absolute size of the 
body and are greater in males, as well as such a 
functional feature as handgrip strength (HGS). The 
waist-to-hip ratio (WHR) determines the shape of 
the body, being an indicator of masculinity /
femininity of the constitution, especially in females, 
for which its values are lower than for males. As an 
important sign of sexual dimorphism, Tanner's in-
dex (TI) was also considered, calculated by the 
following formula: TR = 3 × SHW-PW, were SHW 
is shoulder width, and PW is pelvis width (Tanner, 
1990). The TI values, associated with the typical 
female (gynoid) body shape, are less than 83.7 in 
males and less than 73.1 in females; the values, 
associated with the typical male (android) body 
shape, are higher than 93.1 in males and higher 
than 82.1 in females (Tanner, 1990). 

Anthropometer (GPM) was used for the meas-
urements, as well as a large spreading caliper 
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(GPM), sliding caliper (Martin type) (GPM), and 
plastic tape measure. The whole-body impedance 
was measured on the right side of the body using 
the Bioimpedance meter ABC-01 “Medas” (SRC 
Medas, Russia). The lengths of index and ring fin-
gers were measured from the proximal finger 
crease to the distal fingertip, as previously de-
scribed (Manning et al., 1998), using a Preisser 
digital Vernier caliper with a precision up to 0.01 
mm. The measurements of fingers were made 
twice by the same person; the intra-class correla-
tion coefficient (ICC) was 0.975. All lateral meas-
urements were performed on the right side of the 
body, including the length of the 2nd and 4th fin-
gers measured on the right hand, since previous 
studies showed that the right-hand 2D:4D ratio is 
more sexually dimorphic and consequently a more 
reliable biomarker for the fetal testosterone level 
(Manning, 2002; Lutchmaya et al., 2004; 
Hönekopp and Watson, 2010).  

 
Statistical analysis 

The data were evaluated by descriptive statistics 
and expressed as mean (M) ± standard deviation 
(SD). The number of individuals measured was 
362, and for each individual the number of meas-
urements was 17, bringing the total number of 
measurements to 6154. Differences between 

males and females were analyzed by Student's t-
test (p < 0.05 was considered significant). Correla-
tion analysis was performed, and Pearson correla-
tion coefficients (r) were calculated to assess the 
associations of 2D:4D with morphological traits. 
Factor analysis of the model multivariate explora-
tory techniques was also conducted. All data were 
analyzed using STATISTICA 10 software.  

 
RESULTS 
 

Table 1 shows mean values for 2D:4D ratios and 
morphological traits in the male and female groups 
of the participants. The 2D:4D ratio in males is sig-
nificantly lower than that in females (t-value, -4.21; 
p ˂ 0.000), which is consistent with previous find-
ings. Sex differences in morphological traits as-
sessed by Student's t-test appeared to be highly 
statistically significant (p ˂ 0.000) with the only 
exception of hip and shin circumferences. Conse-
quently, sexual dimorphism in the studied sample 
is high both in terms of absolute body dimensions 
and strength indicators, as well as in the indices 
characterizing the body shape.  

To assess the level of the 2D:4D ratio associa-
tion with the sexually dimorphic morphological 
traits, the correlation between 2D:4D and body 
morphology was assessed in the whole cohort and 

  
Males 

n=169   

Females 

n=193   

  M SD M SD 

Body mass (kg) 70,45 11,04 56,69 9,64 

Body length (mm) 1769,30 64,00 1633,62 55,06 

Body mass index (BMI, kg/m2) 16,74 2,51 14,02 2,31 

Shoulder width (mm) 400,03 19,44 354,73 19,16 

Pelvic width (mm) 283,91 16,62 276,15 17,52 

Tanner's index (TI) 91,62 5,14 78,80 5,05 

Waist circumference (mm) 776,93 67,03 695,68 70,46 

Hip circumference (mm) 948,28 62,61 943,68 71,45 

Waist-to-hip ratio (WHR) 0,82 0,04 0,74 0,04 

Upper arm circumference (mm) 288,09 32,09 263,58 33,99 

Forearm circumference (mm) 262,16 22,89 227,44 18,78 

Shin circumference (mm) 363,67 27,67 355,08 33,32 

Elbow width (mm) 70,19 4,13 61,38 3,85 

Wrist width (mm) 58,21 3,49 50,47 2,73 

Knee width (mm) 98,34 6,12 91,08 5,70 

Ankle width (mm) 77,91 4,54 69,35 3,47 

Handgrip strength (HGS, kgf) 46,93 8,79 27,54 4,71 

Musculoskeletal mass (MSM, kg) 33,14 4,11 20,71 2,73 

Length of the 2nd finger (mm) 73,66 4,43 68,28 4,01 

Length of the 4th finger (mm) 75,25 4,48 68,72 4,31 

Digit ratio (2D:4D) 97,94 3,37 99,44 3,39 

Table 1. Mean (M) and standard deviation (SD) of the analyzed morphological traits. 
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in males and females separately (Table 2). The 
results indicated that in the whole cohort the 
2D:4D ratio was associated with a number of sex-
ually dimorphic morphological traits, and the vector 
of these associations corresponds to the expected. 
Thus, for the 2D:4D ratio the statistically significant 
negative correlation was observed with height, 
shoulder width, TI and WHR, shoulder and forearm 
circumferences, elbow, wrist and ankle widths, 
HGS, and musculoskeletal mass estimated by BIA. 
However, when the male and female subgroups 
were analyzed separately no statistically significant 
correlation between the 2D:4D ratio and the ana-
lyzed traits were detected, as evidenced by small 
correlation coefficients. The only exception was 
HGS, which showed in females the same correla-
tion with 2D:4D in absolute magnitude and nega-
tive sign as was observed in the whole cohort (-
0.21).  

The results of the factor analysis, carried out for 
each sex separately, also do not give statistically 
significant results, but reveal some characteristic 
trends. Thus, in females, the load for the third fac-
tor for TI is 0.709, and for the digit ratio -0.163, 
indicating a negative relationship vector between 
these features. A noticeable load in males is de-
tected by the digit ratio only for the second factor (-
0.123), and it is opposite in sign for high factor 
loads for waist (0.792) and hip (0.717) circumfer-
ences. 

 

DISCUSSION 
 

Our study expands the range of sexually dimor-
phic morphological traits associated with the 
2D:4D ratio, which correlates with height; WHR, TI; 
shoulder and forearm circumferences; elbow, 
wrist, and ankle widths; handgrip strength and 
musculoskeletal mass. These characteristics re-
flect the differences in the body size, body shape, 
development of the skeleton (latitudinal dimen-
sions such as an elbow, wrist, and ankle widths), 
and musculature (upper arm and forearm circum-
ferences) between sexes. Highly significant corre-
lations between the 2D:4D ratio and sexually di-
morphic morphological traits were revealed in the 
total sample, confirming the role of 2D:4D ratio as 
a putative biomarker of prenatal sex hormone lev-
els.  

However, in contrast to high correlations of the 
2D:4D ratio with morphological traits in the whole 
cohort, such correlations were either completely 
absent or statistically insignificant for separate 
male and female groups. Similar results were ob-
tained in the extensive study of Chuvash, one of 
the indigenous peoples of the Volga and Ural re-
gion, in a sample with mean age 46.9 ± 17.10 for 
males and 48.6 ± 16.62 for females. For both sex-
es, no significant associations were found between 
2D:4D ratio and BMI, waist, hip and chest circum-
ferences and WHR (Kalichman et al., 2017). At the 
same time, in the sample of Chuvash women, low 
2D:4D ratio type was associated with a later men-
arche and a shorter reproductive period 
(Kalichman et al., 2013), which can indicate a pos-
sible association of the 2D:4D ratio with physiologi-
cal manifestations of masculinity/femininity. A simi-
lar pattern is observed in the results of an exten-
sive study of J.T. Manning and co-authors: nega-
tive associations of 2D:4D with reproductive suc-
cess were found for men from English and Span-
ish samples, and positive associations for women 
from English, German, and Hungarian samples. 
The weak link of the 2D:4D ratio to WHR was 
found only for the combined English and Jamaican 
female sample (Manning et al., 2000). Almost the 
same results were obtained in the study of 50 
males (mean age 22.4 ± 4.88) and 70 females 
(mean age 22.9 ± 4.25) from the University of Vi-
enna, Austria and Northumbria University, UK 
(Fink et al., 2003). The authors analyzed a rather 
wide range of morphological parameters: weight, 
height, waist, chest and hip circumference, BMI, 
waist to hip ratio (WHR) and waist to chest ratio 
(WCR), but the only reliable evidence of the con-
nection of 2D:4D ratio with morphological mascu-
linity/femininity were negative correlations, found 
between female's 2D:4D ratio, waist and hip cir-
cumference and WCR. In our study, a significant 
but statistically unreliable correlation coefficient 
was found only in the female sample between the 
digit ratio and the handgrip strength. Additionally, 
some trends in association of the digit ratio with 
Tanner's index of sexual dimorphism in females 
and with girths in the sample of males can be indi-

  Total group Males Females 

Body weight -0,12 -0,01 -0,01 

Body length -0.21* 0,02 -0,09 

Body mass index (BMI) -0,10 -0,02 0,00 

Shoulder width -0.20* 0,07 -0,05 

Pelvic width -0,09 -0,07 -0,01 

Tanner's index (TI) -0.19* 0,10 -0,05 

Waist circumference -0,12 -0,04 0,01 

Hip circumference -0,01 -0,11 0,00 

Waist-to-hip ratio (WHR) -0.17* 0,10 0,02 

Upper arm circumference -0.17* -0,07 -0,10 

Forearm circumference -0.22** -0,10 -0,07 

Shin circumference -0,01 0,04 0,02 

Elbow width -0.19* 0,04 -0,03 

Wrist width -0.24** -0,07 -0,04 

Knee width -0,11 -0,09 0,13 

Ankle width -0.20* -0,03 0,00 

Handgrip strength (HGS) -0.21** 0,10 -0,21 

Musculoskeletal mass (MSM) -0.23** 0,05 -0,07 

Length of the 2nd finger 0,02 0,21 0,14 

Length of the 4th finger -0.42** -0.32** -0.37** 

Table 2. Pearson correlation coefficients (r) for the 
association of the 2D:4D ratio with morphological traits 
in the whole cohort and male and female groups. 
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cated, and the signs of the factor loads for the digit 
ratio and Tanner's index, as well as for the digit 
ratio and waist and hip wraps, are the opposite. 
Thus, in the sample studied, the relationship of 
2D:4D with the signs of masculinity/femininity is 
revealed only as a trend, which is more distinct for 
the functional indicators (HGS).  

Comparing the results of our study and the data 
of other authors, we can assume that the 2D:4D 
ratio could possibly be in a greater degree associ-
ated with the functional signs of masculinity/
femininity than with the morphological ones. 

ACKNOWLEDGEMENTS 

We would like to thank the Editage for editorial 
assistance. We are also grateful to anonymous 
reviewer for comments that helped to improve the 
manuscript. Grant sponsor: Russian Foundation 
for Basic Research. Grant number: RFBR 18-09-
00290. 

 
REFERENCES  
 
BAKHOLDINA VYU, MOVSESIAN AA, SINEVA IM 

(2016) Digit Ratio (2D:4D): Is it possible to use it for 
the sex determination in the study of human skeletal 
remains? Am J Hum Biol, 28(4): 591-593. 

BARUT C, TAN U, DOGAN A (2008) Association of 
height and weight with second to fourth digit ratio 
(2D:4D) and sex differences. Percept Motor Skills, 
106: 627-632. 

BROWN WM, HINES M, FANE BA, BREEDLOVE SM 
(2002) Masculinized finger length patterns in human 
males and females with congenital adrenal hyperplas-
ia. Horm Behav, 42: 380-386. 

BURRISS RP, LITTLE AC, NELSON EC (2007) 2D:4D 
and sexually dimorphic facial characteristics. Arch 
Sexual Behav, 36(3): 377-384. 

BUTOVSKAYA M, BURKOVA V, KARELIN D, FINK B 
(2015) Digit ratio (2D:4D), aggression, and dominance 
in the Hadza and the Datoga of Tanzania. Am J Hum 
Biol, 27: 620-627. 

BUTOVSKAYA M, FEDENOK J, BURKOVA V, MAN-
NING J (2013) Sex differences in 2D:4D and aggres-
sion in children and adolescents from five regions of 
Russia. Am J Phys Anthropol, 152: 130-139. 

COLLAER ML, HINES M (1995) Human behavioural sex 
differences: a role for gonadal hormones during early 
development? Psychol Bull, 118: 55-107. 

DANBORNO B, ADEBISI SS, ADELAIYE AB, OJO SA 
(2010) Relationship between digit ratio (2D:4D) and 
birth weight in Nigerians. Anthropologist, 12: 127-130. 

FINK B, NEAVE N, MANNING JT (2003) Second to 
fourth digit ratio, body mass index, waist-to-hip ratio, 
and waist-to-chest ratio: their relationships in hetero-
sexual men and women. Ann Hum Biol, 6: 728-738. 

FINK B, THANZAMI V, SEYDEL H, MANNING JT 
(2006) Digit ratio and hand-grip strength in German 
and Mizos men: Cross-cultural evidence for an organ-
izing effect of prenatal testosterone on strength. Am J 
Hum Biol, 18: 776-782. 

GARCIA-CRUZ E, HUGUET J, PIQUERAS M, RIBAL 

MJ, ALCARAZ A (2012) Second to fourth digit ratio, 
adult testosterone level and testosterone deficiency. 
BJU Int, 109: 266-271. 

HONE LSE, MCCULLOUGH ME (2012) 2D:4D ratios 
predict hand grip strength (but not hand grip endur-
ance) in men (but not in women). Evol Hum Behav, 33: 
780-789. 

HÖNEKOPP J, WATSON S (2010) Meta-analysis of 
digit ratio 2D:4D shows greater sex difference in the 
right hand. Am J Hum Biol, 22: 619-630. 

KALICHMAN L, BATSEVICH VA, KOBYLIANSKY E 
(2013) 2D:4D finger length ratio and reproductive indi-
ces in a Chuvashian population. Am J Hum Biol, 25(5): 
617-621. 

KALICHMAN L, BATSEVICH VA, KOBYLIANSKY E 
(2017) Finger length ratio and body composition in 
Chuvashians. Collegium Antropologicum, 41(1): 73-79. 

KLIMEK M, GALBARCZYK A, NENKO I, ALVARADO 
LC, JASIENSKA G (2014) Digit ratio (2D:4D) as an 
indicator of body size, testosterone concentration and 
number of children in human males. Ann Hum Biol, 41: 
667-673. 

KLIMEK M, GALBARCZYK A, NENKO I, JASIENSKA G 
(2016) Women with more feminine digit ratio (2D:4D) 
have higher reproductive success. Am J Phys Anthro-
pol, 160: 549-553. 

LUTCHMAYA S, BARON-COHEN S, RAGGATT P, 
KNICKMEYER R, MANNING JT (2004) 2nd to 4th digit 
ratios, fetal testosterone and estradiol. Early Hum Dev, 
77: 23-28. 

MCINTYRE MH, ELLISON PT, LIEBERMAN DE, DEM-
ERATH E, TOWNE B (2005) The development of sex 
differences in digital formula from infancy in the Fels 
Longitudinal Study. Proc R Soc Biol Sci, 272: 1473-
1479. 

MALAS MA, DOGAN S, EVCIL EH, DESDICIOGLU K 
(2006) Fetal development of the hand, digits and digit 
ratio (2D:4D). Early Hum Dev, 82: 469-475. 

MANNING JT (2002) Digit ratio: a pointer to fertility, be-
havior, and health. New Brunswick, NJ: Rutgers Uni-
versity Press. 

MANNING JT, BARLEY L, WALTON J, LEWIS-JONES 
DI, TRIVERS RL, SINGH D, THORNHILL R, ROHDE 
P, BERECZKEI T, HENZI P, SOLER M, SZWED A 
(2000) The 2nd:4th digit ratio, sexual dimorphism, pop-
ulation differences, and reproductive success. Evi-
dence for sexually antagonistic genes? Evol Hum Be-
hav, 21: 163-183. 

MANNING JT, BUNDRED PE (2000) The ratio of 2nd to 
4th digit length: a new predictor of disease predisposi-
tion? Med Hypoth, 54: 855-857.  

MANNING JT, HENZIZ P, VENKATRAMANA P, MAR-
TINY S, SINGH D (2003) Second to fourth digit ratio: 
ethnic differences and family size in English, Indian 
and South African populations. Ann Hum Biol, 30(5): 
579-588. 

MANNING JT, SCOTT D, WILSON J, LEWIS-JONES DI 
(1998) The ratio of 2nd to 4th digit length: a predictor 
of sperm numbers and concentration of testosterone, 
luteinizing hormone and oestrogen. Hum Reprod, 
1311: 3000-3004. 

MANNING JT, WOOD S, WANG E, WALTON J, 
BUNDED PE, VAN HEYNINGEN C, LEWIS-JONES DI 
(2004) Second to fourth digit ratio (2D:4D) and testos-

https://www.sciencedirect.com/science/article/pii/S1090513812000694#!
https://www.sciencedirect.com/science/article/pii/S1090513812000694#!


Digit ratio and morphological traits  

 322 

terone in men. Asian J Androl, 6: 211-215. 

MULLER DC, MANNING JT, HOPPER JL, ENGLISH 
DR, GILES GG, SEVERI G (2013) No strong associa-
tion between second to fourth digit ratio (2D:4D) and 
adult anthropometric measures with emphasis on adi-
posity. Ann Hum Biol, 40(2): 201-204. 

PUTZ DA, GAULIN SJC, SPORTER RJ, MCBURNEY 
DH (2004) Sex hormone and finger length. What does 
2D:4D indicate? Evol Hum Behav, 25: 182-199. 

REINISCH JM, ZIEMBA-DAVIS M, SANDERS SA 
(1991) Hormonal contributions to sexually dimorphic 
behavioral development in humans. Psychoneuroen-
docrinology, 16: 213-278. 

TANNER JM (1990) Foetus into man. Physical growth 
from conception to maturity. Harvard University Press, 
Cambridge, Massachusetts.  

VAN DONGEN S (2009) Second to fourth digit ratio in 
relation to age, BMI and life history in a population of 
young adults: a set of unexpected results. J Neg Res 
Ecol Evol Biol, 6: 1-7.  

WALLEN K (2009) Does finger fat produce sex differ-
ences in second to fourth digit ratio? Endocrinology, 
150: 4819-4822. 

ZHAO D, YU K, ZHANG X, ZHENG L (2013) Digit ratio 
(2D:4D) and handgrip strength in hani ethnicity. PLoS 
ONE, 8(10): e77958. http://doi.org/10.1371/
journal.pone.0077958 

http://doi.org/10.1371/journal.pone.0077958
http://doi.org/10.1371/journal.pone.0077958

