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Abstract:
Background: During	the	formation	of	the	limbs,	a	simultaneous	production	of	androgens	occurs.	
It	has	also	been	noticed	that	when	genetic	process	is	 inhibited,	 it	can	lead	to	complications	
affecting	 the	 limbs.	 It	 is	 therefore	believed	 that	 testosterone	 influences	 the	development	 of	
the limbs. Aim:	 This	 study	 therefore	 looked	 at	 the	 association	 between	 second	 toe	 length	
and	androgen	linked	behaviours.	Materials and Method:	Three	hundred	(166	males	and	134	
females)	subjects	who	were	students	of	Basic	Medical	Sciences,	Delta	State	University,	Abraka	
aged	18	and	above,	were	selected	using	the	cross-sectional	descriptive	study	design.	Second	toe	
length	was	observed,	standardize	questionnaire	on	handedness,	competition	and	aggregation	
was	administered	to	students.	Data	obtained	were	analyzed	with	Statistical	Package	for	Social	
Sciences. Results: This	study	established	a	significant	association	between	2nd toe length and 
some	 androgen	 linked	behaviours.	 Significant	 association	 between	 subjects	with	 longer	 2nd 
toe	and	competitiveness	was	observed	(p<0.05)	as	well	as	aggressive	behavior.	Conclusion: 
From	this	study,	it	was	deduced	that	androgens	influence	2nd toe length and 2nd toe length also 
influences	androgen	linked	behaviours	such	as	competition	and	aggression.
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Introduction

Feet	 development	which	 begins	 in-utero	 is	 derived	
mainly	 from	 mesenchyme	 which	 is	 a	 basic	
embryological tissue.1	 The	 buds	 of	 the	 lower	 limb	
appear	around	the	4th	embryonic	week,	slightly	later	
than	the	upper	limb	buds.1

At	about	eight	to	thirteen	weeks	of	intrauterine	life,	
the	fingers,	toes	and	genitalia	are	formed,[2]	with	the	
regulation	of	homeobox	gene	complex.2 It has been 
noticed	 that	when	 this	 genetic	 process	 is	 inhibited,	
it	can	lead	to	complications	affecting	the	limbs	and	
genitalia.3

Another	critical	event	taking	place	at	this	period	of	
formation	of	the	limbs	and	genitalia	is	the	production	
of testosterone.4,5 It is therefore deduced that 

testosterone	influences	the	development	of	the	limbs	
and genitalia.6	Therefore,	testosterone	related	events	
such as behaviours, traits and cognitions may have 
a	direct	effect	on	the	finger	and	toe	length7. Studies 
have	 shown	 that	 second	 and	 fourth	 digit	 ratios	 are	
mostly	affected	by	being	exposed	to	testosterone	in-
vivo.

Androgens	 especially	 testosterone	 in-utero	 has	
been	 noticed	 to	 influence	 handedness,	 fingers	
development,	lengthening	of	fourth	finger	(in	males)	
and	 lengthening	 of	 second	 finger	 (in	 females).6,8 
Several	literatures	have	established	the	influence	of	
fetal	androgens	in	neurobehavioural	development	and	
sexual	dimorphism.9,10,11 It has also been deduced that 
digit	ratios	can	be	used	to	determine	the	performance	
of	music,	sports	and	other	behaviours.5
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There	 is	 therefore	 a	 possible	 link	between	prenatal	
androgen and second toe length as evidence has 
shown,	which	means	that	a	longer	toe	length	will	be	
very much related to characteristics and behaviours 
which	 has	 been	 previously	 linked	 to	 androgens	
(testosterone).7 However,	this	present	study	focused	
on	 the	 association	 between	 second	 toe	 length	 and	
androgen-linked	behaviours	among	students	of	Basic	
Medical	Science,	Delta	State	University,	Abraka.

Materials and Methods

The	study	involved	300	(166	males	and	134	females)	
subjects	 who	 are	 students	 in	 the	 Faculty	 of	 Basic	
Medical	 Sciences,	 Delta	 State	 University,	 Abraka,	
aged	18	and	above.	They	were	selected	using	the	cross-
sectional	 descriptive	 study	 design.	 Only	 students	
with	no	visible	deformity	of	 the	foot,	no	history	of	
trauma,	fractures	or	surgery	in	the	foot	were	allowed	
to	participate	in	the	study.	Data	collection	sheet	bore	
record	of	subjects’	sex,	age	and	2nd toe length. Also, 
a	well	detailed	questionnaire	was	used	to	obtain	self-
reports	 of	 diverse	 behaviours	 and	 traits	 that	 were	
related	 to	 androgen	 linked	 behaviours,	 such	 as	 left	
handedness,	competition,	aggression	and	exercise.	

•	 In determining length of the second toe, 
participants	 were	 asked	 if	 their	 second	 toe	
is	 longer	 than	 all	 their	 other	 toes.	 They	 were	
provided	with	a	graphical	description,	for	 them	
to	 understand	 the	 question	 properly	 before	
answering.	 The	 researcher	 also	 made	 personal	
observation of their toes. 

•	 On	handedness,	the	study	adopted	the	Edinburgh	
handedness	 inventory	Oldfield	method	of	 1991	
(hand	preference	in	writing,	throwing,	brushing	
teeth	and	eating).

•	 Competition	 was	 tested	 using	 competitiveness	
orientation inventory.12

•	 On	 Aggregation,	 questionnaire	 constructed	 by	
Buss and Perry13,	was	adopted

Data	 obtained	 from	 the	 study	were	 analyzed	 using	
International	Business	Machine	software,	Statistical	
Package	for	Social	Sciences	(SPSS)	version	23.	The	
percentage	 frequency	 distribution	 and	 Chi-square	
were	 used	 to	 show	 results.	 Tables	 were	 used	 to	
explain	the	results	from	the	study.

Ethical approval: Ethical	 approval	 was	 sort	 and	
obtained from the Ethical Committee, Faculty of 

Basic Medical Sciences, Delta State University, 
Abraka,	with	Ref	no:	DELSU/CHS/ANA/18/23.

Results

It	 was	 revealed	 from	 this	 study	 that	 of	 the	 three	
hundred	 (300)	 subjects	 involved	 in	 the	 study,	 one	
hundred	 and	 sixty-six	 (166)	were	males	while	 one	
hundred	and	thirty-four	(134)	were	females.	Among	
all	subjects,	142	(47.3%)	subjects	had	longer	2ndtoe 
length.	The	 respondents	 fall	 into	 the	 following	 age	
group	in	descending	order:	18-22	years	(40.0%),	23-
28	 years	 (26.7%),	 29-33	 years	 (13.3%),	 below	 18	
years	(11.7%),	and	>33	years	(8.3%).

Table	 1	 showed	 that	 most	 of	 the	 respondents	 had	
no	 hand	 preference	 in	 writing	 (50.0%),	 throwing	
(50.7%),	 brushing	 teeth	 (44.3%)	 and	 eating	
133(44.3%).

From	table	2,	it	is	seen	that	most	of	the	respondents	
(34.3%)	 agreed	 that	 they	 like	 competition,	 have	
a	 competitive	 nature	 (35.0%),	 enjoy	 competition	
(30.3%),	get	satisfaction	from	competition	(28.0%),	
dread	 competition	 (23.0%),	 outperform	 others	
(36.0%).	Furthermore,	only	a	few	of	the	respondents	
(34.3%)	strongly	agreed	that	they	avoid	competition.	
However,	most	of	the	respondents	strongly	disagreed	
that	 they	 hate	 competition	 (25.0%)	 and	 unpleasant	
competitive	environment	(24.7%).

From	 table	 3,	 it	 was	 deduced	 that	 most	 of	 the	
respondents	 (34.3%)	 said	 that	 their	 friends	 do	 not	
think	 they	 are	 hot	 headed,	 fairly	 often	 resort	 to	
violence	 in	 order	 to	 protect	 their	 rights	 (30.3%),	
from	time	to	time	they	openly	tell	their	friends	when	
they	disagree	with	them	(50.0%),	they	often	get	into	
arguments	with	people	when	they	disagree	with	them	
(30.3%),	 they	 fairly	 often	 wonder	 why	 sometimes	
they	 feel	 bitter	 about	 things	 (36.7%),	 they	 fairly	
often	can’t	control	the	urge	to	strike	another	person	
once	 in	a	while	 (35.7%),	 they	are	 fairly	often	even	
tempered(40.7%),	they	fairly	often	flare	up	but	they	
get	 over	 it	 quickly	 (31.7%),	 they	 fairly	 often	 have	
trouble	 controlling	 their	 temper	 (31.7%),	 and	 they	
fairly	often	are	frustrated	when	their	irritation	shows	
(36.7%).

A	 significant	 association	 existed	 between	 subjects	
with	a	2nd	toe	that	is	longer	and	competitive	behaviour	
(p=0.001,	table	4).	Also,	a	significant	association	was	
seen	between	subjects	with	extended	2nd toe length 
and	aggressive	behaviour	(p=0.001,	table	5).



781

Ebeye	Oladunni	Abimbola,	Akpoyibo	Emmanuel	Enatewe,	Dafe	Onoriode	Stanley,	et al.

Table 1: Left hand preferences in writing, throwing, brushing teeth and eating

Statements Strong preference (%) Preference
(%) No preference (%) Total

(%)

Hand	Preference	in	Writing 78(26.0) 72	(24.0) 150(50.0) 300(100.0)

Hand	Preference	in	Throwing 73(24.3) 75	(25.0) 152(50.7) 300(100.0)

Hand	Preference	in	Brushing	Teeth 65(21.7) 102(34.0) 133(44.3) 300(100.0)

Hand	Preference	in	Eating 71(23.7) 96(32.0) 133(44.3) 300(100.0)

Table 2: Prevalence of competitiveness among respondents

Statements Strongly 
Disagree (%)

Disagree

(%)

Neither Disagree nor 
Agree
(%)

Agree

(%)

Strongly Agree
(%)

Like	Competition 50	(16.7) 67(22.3) 20	(6.70) 103(34.3) 60	(20.0)

Has	a	Competitive	Nature 42	(14.0) 63(21.0) 28	(9.30) 105(35.0) 62	(20.7)

Enjoy	Competition 53	(17.7) 57(19.0) 38	(12.7) 91	(30.3) 61	(20.3)

Hate	Competition 75	(25.0) 72(24.0) 33	(11.0) 74	(24.7) 46	(15.3)

Gets	Satisfaction	from	Competition 53	(17.7) 51(17.0) 38	(12.7) 84	(28.0) 74	(24.7)

Unpleasant	Competitive	environment 74	(24.7) 62(20.7) 42	(14.0) 70	(23.3) 52	(17.3)

Dread	Competition 62	(20.7) 80(26.7) 62	(20.7) 80	(26.7) 16	(5.30)

Avoids	Competition 61	(20.3) 60(20.0) 62	(20.7) 69	(23.0) 48	(16.0)

Try	to	Outperform	Others 28	(9.30) 40(13.3) 54	(18.0) 108(36.0) 70	(23.3)

Table 3: Prevalence of aggression among respondents

Statements No
 (%) Rarely (%) Often 

(%) Fairly Often (%) Yes
(%)

Friends	think	I’m	hot	headed 83(27.7) 48(16.0) 53(17.7) 63	(21.0) 53(17.7)

Will	result	to	Violence	to	protect	my	right	 59(19.7) 55(18.3) 47(15.7) 91	(30.3) 48(16.0)

Openly	disagree	with	friends 17	(5.7) 35(11.7) 150	(50) 54	(18.0) 44(14.7)

Always	get	into	argument	 32(10.7) 91(30.3) 50(16.7) 90	(30.0) 37(12.3)

Wonder	why	I	feel	bitter	about	things 34(11.3) 52(17.3) 57(19.0) 10	(36.7) 47(15.7)

Can’t	control	the	urge	to	strike	another	person 71(23.7) 90(30.0) 32(10.7) 107(35.7) 31(10.3)

I’m	even	tempered 51(17.0) 70(23.3) 26	(8.7) 122(40.7) 31(10.3)

Flare	up	quickly	but	get	over	it	quickly 50(16.7) 70(23.3) 25	(8.3) 95	(31.7) 60	(20.0)

Trouble	controlling	temper 61(20.3) 57(19.0) 3	(11.0) 95	(31.7) 54	(18.0)

Frustrated	when	irritation	show 40(13.3) 51(17.0) 30(10.0) 110	(36.7) 69	(23.0)

Table 4: Relationship between 2ndToe length and competitive behaviour

Longer 2nd toe No
 (%)

Rarely
 (%)

From time to time 
(%) Fairly often (%) Yes

(%) P-Value

Yes 51	(100.0) 70(100.0) 21	(80.8) 0	(0.0) 0(0.0)

0.001No 0	(0.0) 0	(0.0) 5	(19.2) 122(100.0) 31(100.0)

Total 51 (100.0) 7(100.0) 26 (100.0) 122(100.0) 31(100.0)

Table 5: Relationship between 2ndToe length and aggressive behaviour

Longer 2nd toe No
(%)

Rarely
(%)

From time to time 
(%)

Fairly often
(%)

Yes
(%) P-Value

Yes 61	(100.0) 57	(100.0) 24	(72.7) 0	(0.0) 0	(0.0)

0.001No 0	(0.0) 0	(0.0) 9	(27.3) 95	(100.0) 54	(100.0)

Total 61 (100.0) 57 (100.0) 33 (100.0) 95 (100.0) 54 (100.0)
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Discussion 
As	 regards	 competitive	 behavior	 in	 this	 present	
study,	 most	 of	 the	 respondents	 agreed	 that	 they	
like	 competition,	 have	 a	 competitive	 nature,	 enjoy	
competition,	 get	 satisfaction	 from	 competition,	
dread	 competition	 and	 try	 to	 outperform	 others.	
Furthermore,	 a	 few	 of	 the	 respondents	 strongly	
agreed	 that	 they	avoid	competition.	However,	most	
of	the	respondents	strongly	disagreed	that	they	hate	
competition	and	unpleasant	competitive	environment	
(table	2).
The	 findings	 of	 this	 study	 as	 regards	 competitive	
behavior	is	not	in	line	with	that	of	Millet	et	al.,	14	who	
reported	that	low	digit	ratio	has	been	correlated	to	a	
number	of	fitness	related	factors	including	high	status	
in	competitive	sports.	Honekopp	et	al.,	also	reported	
that 2nd:4th digit has been negatively associated to 
physical	fitness	in	both	men	and	women.15	whereas,	
a study by Umarani 16	 showed	 that	majority	of	 the	
students	 responded	 that	 they	 always	 ask	with	 their	
friends	whenever	they	don’t	understand	in	class	and	
thus	makes	it	competitive	in	their	learning	process.			
From	table	3,	it	is	shown	that	most	of	the	respondents	
said	 that	 their	 friends	 do	 not	 think	 they	 are	 hot	
headed,	 fairly	often	fall	back	 to	violence	 to	protect	
their	rights,	from	time	to	time	they	openly	tell	their	
friends	when	 they	 disagree	with	 them,	 rarely	 can’t	
help	 getting	 into	 arguments	 when	 people	 disagree	
with	 them,	 fairly	 often	 wonder	 why	 sometimes	
they feel bad about things, fairly often can’t control 
the	 urge	 to	 strike	 another	 person	 once	 in	 a	 while,	
fairly	 often	 even	 tempered,	 fairly	 often	 flare	 up	
but	 they	 get	 over	 it	 quickly,	 fairly	 often	 they	 have	
trouble	controlling	their	temper,	and	fairly	often	are	
frustrated	when	their	irritation	shows.	These	findings	
were	 not	 similar	with	 that	 of	Wilson	17,	who	 found	
that	women	with	low	2nd	digit:4th	digits	are	likely	
to	rate	themselves	as	more	competitive	and	assertive	

than	 women	 with	 high	 ratios;	 Bailey	 and	 Hurd	 18, 
also	 reported	 that	men	with	more	masculine	finger	
length	 ratio	 had	 higher	 trait	 of	 physical	 aggression	
scores.	These	differences	seen	could	have	been	due	
to	differences	in	the	population	studied.
This	 study	 showed	 that	 the	 relationship	 between	
subjects	 with	 an	 extended	 2nd	 toe	 and	 competitive	
behavior	 is	 statistically	 significant	 (p<0.05,	 table	
4).	 This	 research	 also	 showed	 that	 there	 was	 a	
significantly	significant	correlation	between	subjects	
with	2nd toe that is longer and aggressive behaviour 
(p<0.05,	table	5).	These	findings	were	similar	to	that	
of Marissa,7	who	reported	that	there	was	a	statistical	
relationships	 between	 a	 longer	 2nd	 toe	 and	 a	
competitiveness;	Evardone	and	Alexander,19	reported	
that	 there	 is	 no	 statistical	 	 significant	 association	
between	 digit	 ratio	 and	 anxiety	 (p>0.05);	Manning	
and	 Hill,20	 reported	 that	 associations	 between	 2nd	
digit:4th	digit	and	sprinting	speed	were	not	as	strong	
as	 those	 reported	 for	endurance	 running;	Kilduff	et	
al.,	 also	 reported	 that	 right	 2nd	 digit:4th	 digit	 was	
negatively	 correlated	with	 coaches’	 ratings	 and	 the	
competition	result.21

Conclusion
This	 study	 establish	 an	 association	 between	 the	
length of second toe and some behaviors that are 
linked	 to	 androgen	 since	 there	 was	 a	 significant	
association	 between	 subjects	 with	 a	 longer	 2nd toe 
and	 competitive	 behavior	 (p<0.05).	 This	 study	
also	 showed	 that	 the	 association	 between	 subjects	
with	 aggressive	 behavior	 and	 second	 longer	 toe	 is	
statistically	significant	(p<0.05).
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