
A Correlational Analysis of Sexual Dimorphism, 2d:4d, Age,
and Weight among the Ikwo Population in Nigeria

Obaje Godwin Sunday*, Nwachukwu Sylvia Chinwendu and Egwu Augustine Ogugua

Department of Anatomy, Faculty of Basic Medical Sciences, College of Medicine,
Federal University Ndufu Alike Ikwo, Ebonyi State, Nigeria

KEYWORDS Analysis. Anthropometry. Correlation. Dimorphism. Prediction. Regression

ABSTRACT Digit ratio (2d:4d) study is generating research concerns in medical sciences. Finger length determination
is a known predictor to health status, behaviours and obesity. Aim of this study was to determine the dimorphism,
2d:4d, and weight differences of Ikwo population. Sample population was four hundred and one (n=401) with 181
males and 220 females within the age of 12-18 years of urban secondary school in Ebonyi State, Nigeria. Measurement
was done with digital vernier caliper to measure digit lengths from the crease of the palm to the tip, where 2d was
divided by 4d to give 2d:4d ratio. Also, the stadiometer was used to measure height and weight, and all measurements
were in millimeters (mm) except body weight was in kilogram (kg). Mean height was higher in males (161.64 ±
11.07) than females (159.14 ± 6.34) while weight of females was higher (48.18 ± 9.84) than males (49.71 ± 7.02)
but not significant (P<0.07). Right finger (2d:4d) of males was lower than females (0.95 ± 0.04 and 0.96 ± 0.04)
and not significant (P<0.090) while the left finger (2d:4d) was higher in males (0.96 ± 0.04) than females (0.95 ±
0.04) and significant (P<0.047). Height negatively correlated with both left and right of 2d:4d (r = -0.09, p<0.05,
r=0.07, p<0.05). Also, the association between right and left 2d:4d were r=0.07, P<0.07 and r= -0.09, p<0.05. In
conclusion, digit ratio (2d:4d) evaluated weight and age for population, dependent and independent variables were
predictive models to establish that height and sexual dimorphic features existed in digit lengths.
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INTRODUCTION

The study was to investigate sexual dimor-
phism of 2d:4d among Ikwo population, to es-
tablish correlation between age, weight and dig-
it ratio, and to predict model for Ikwo when height
and weight are known. Many studies have
shown that the ratio of the lengths of second
finger (2D) to the fourth (4D) is an indicator of
foetal exposure to hormonal activities (Kajantie
2006). Sexual dimorphismn and link between
2d:4d and physical activities among human per-
formances have been consistent. Apart from
sport activities, behaviors, autism has been fin-
gered putative biomarker which suggest associ-
ation of 2d:4d and prenatal testosterone (Al-Zaid
et al. 2015). Also, many anthropometric measure-
ments have linked pubertal height, weight, and
BMI reference to be aligned for onset of puber-
ty (Albertsson-Wikland et al. 2018). There are
reports on other tribes that implicated effects of
age, gender, height, and body fat on the func-

tional muscle-bone unit in children and adults
(Duran et al. 2018), prenatal testosterone, visu-
al-spatial memory, and numerical skills in young
children (Bull et al. 2010), and men with coro-
nary artery disease with lower levels of andro-
gens than men with normal coronary angiograms
(English et al. 2000). Again, that second to fourth
digit ratio and facial asymmetry established an
association (Fink et al. 2004) and measurement
of 2d:4d ratio and neck circumference in adoles-
cents expressed sexual dimorphism implicated
in obesity (Jeevanandam and Prathibha 2018).

MATERIAL  AND  METHODS

The anthropometric setting and design of this
study was cross-sectional and 401 subjects
(males=181 and females=220) aged 12-18 years
were randomly recruited from Urban Secondary
School Ikwo, South East in Ebonyi State, Nigeria.
The instruments used were stadiometer and
digital vernier caliper for height, weight and
finger lengths. Also, the weight and height were
measured with subject standing erect (Frankfurt
plane), bare-footed with the scale mounted in
millimeters (mm) and kilogram (kg). The length
was measured from creases of tip to base while
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the distance between these two points indicate
the length of finger indices. Ethical report was
obtained (ERC/P01/20) from Alex Ekwueme
Federal University Ndufu Alike Ikwo. All
participants expressed joy when briefed of the
objectives and methodology of the study before
filling the consent forms, where measurement
was taken.

Statistical Analysis

SPSS (Statistical Package for Social Scienc-
es) version 16.0 (SPSS Inc., IL) was used for the
study. Data were expressed as mean ± standard
deviation (SD) for both right and left hands of
subjects. Pearson correlation was applied to test
the relationship between 2d, 4d, 2d:4d, age,
height and sex. Linear regressions were used to
investigate the ability of 2d:4d to test age, sex,
weight and height. Statistical significant differ-
ence was considered acceptable at P<0.05.

RESULTS

The study of the Ikwo samples have been
expressed in Table 1 which shows that mean age
was the same for both sexes and significant
(P<0.015). The mean height was higher in male
than female, with the level of significance at
P<0.05 and also mean weight higher in female
than male but not significant (P<0.7). Also, mean
right (2d:4d) was higher in female than male while
mean left (2d:4d) higher in male than female and
significant (P<0.05). Table 2 shows simple corre-
lation matrix that age positively correlated with
right and left (2d:4d), (r = 0.07, p<0.05 and r=0.08,
p<0.05). Table 3 expressed the predictive equa-
tions of height using weight and digit ratio. A
multiple linear regression consisting of weight
(dependent variable) for both right and left digit
ratios (independent variables) expressed that
only the left 2d:4d digit ratio significantly pre-
dicts height and weight (P = 0.000, P = 0.004)
while that of right 2d:4d ratio was P<0.06.

Table 1: Age, height, weight and digit ratios of urban secondary school students in Ebonyi State, Nigeria

                         Mean ± SD Min – Max                     Mean  ± SD T P

(n=401) Male (n=181) Female (n=220)

Age 16.27 ± 2.04 13 – 21 16.55 ±  2.02 16.05 ± 2.03 2.44 0.015
Height 160.27 ± 8.87 130 –185          161.64 ± 11.07 159.14 ± 6.34 2.82 0.005
Weight 49.02 ± 8.43 25 – 70.5 48.18 ±  9.84 49.71 ± 7.02 1.81 0.07
RF2 67.91 ± 5.17 51.0 – 94 68.43 ±  5.97 67.48 ± 4.37 1.84 0.067
RF4 70.85 ± 5.80 53.5 – 90 71.81 ±  6.49 70.05 ± 5.05 3.06 0.002
RF2:RF4 0.96 ± 0.04 0.85– 1.20 0.95 ±  0.04 0.96 ± 0.04 2.49 0.090
LF2 68.74 ± 5.41 53.0 – 85.5 69.34 ±  6.21 68.24 ± 4.60 2.04 0.042
LF4 72.25 ± 5.77 56 – 91 73.21 ±  6.58 71.45 ± 4.89 3.07 0.002
LF2:LF4 0.95 ± 0.04 0.82 – 1.16 0.96 ±  0.04 0.95 ± 0.04 1.99 0.047

Table 2: Correlation matrix of anthropometric variables to investigate between birth weight, height and
digits ratio of urban secondary school students in Ebonyi State, Nigeria

Age HHT WHT RF2 RF4 RF2:RF4 LF1 LF2 LF4 lf2:lf4

AGE - 0.58** 0.60** 0.33** 0.268** 0.07 0.34** 0.36** 0.33** 0.08
HHT - 0.77** 0.68** 0.679** -0.09 0.66** 0.69** 0.70** -0.07
W H T - 0.57** 0.523** 0.02 0.53** 0.58** 0.57** 0.04
RF2 - 0.85** 0.16** 0.77** 0.95** 0.84** 0.16**

RF4 - -0.39** 0.72 0.84** 0.96** -0.39**

R2:RF4 - 0.003 0.07 -0.33** 0.15**

LF2 - 0.86** 0.16**

LF4 0.89** -0.39**

LF2:LF4 -0.09*

*Right finger (RF), left finger (LF), height (H) and weight (W)
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DISCUSSION

Understanding and documenting digit ratio
study involves the collection of data from mi-
nority people like the indigenous Ebonyians in
the South-East Nigeria. Hence, this study dis-
cussed 2d, 4d and 2d:4d of the Ikwo population.
In this study, important of digit ratio (2d:4d),
age, weight, and height has been added to the
body of knowledge in anthropology.

Previous report has described the effect of
age, gender, height, different stages of human
life, and  functional muscle-bone unit (Duran et
al. 2018), which agreed with present study. Pre-
dictions accuracy correlates negatively with age
and height at certain level (18 years) while pre-
diction accuracy at age 0-6 years for height is
better (Shmoish et al. 2018), as reported in Table
1 and Table 3 and sciatic neurosteatosis ex-
pressed relationship with age, gender, obesity
and height (Ratner et al. 2018). Apart from
Honekopp and Watson (2010), who reported dif-
ferently on higher 2d:4d to be higher in right
fingers, study Belgian registry agreed that adult
height after growth hormone treatment at pu-
bertal showed positive correlation (Thomas et
al. 2018). On weight and height, Albertsson-Wik-
land et al. (2018) reported a novel type of puber-
tal height, weight, and BMI reference, aligned
for onset of puberty. Self-reported height and
weight may lead to inaccurate estimates of as-
sociations between BMI and health indicators
(Lipsky et al. 2019), and Neyzi et al. (2015) re-
ported reference values for weight, height, head
circumference, and body mass index in Turkish
children. All these reports agreed with the re-
searchers’ findings of weight, height and age.
For digit ratio, as criminology has become more

interdisciplinary in recent years, biosocial crim-
inology and forensic science have earned a place
at the table. One important proposition that has
gained increasing attention is the 2d:4d finger
digit ratio linking to behaviours (Pratt et al. 2016).
In this study, tables for correlation and predic-
tion supported previous study. Index to ring fin-
ger reported autism, a neurodevelopment disor-
der with a strikingly higher prevalence in boys
than girls, as prenatal exposure to high levels of
fetal testosterone (Al-Zaid et al. 2015). Also,
Turanovic et al. (2017) reported exposure to fe-
tal testosterone, aggression, and violent behav-
ior as meta-analysis of the 2d:4d digit ratio re-
ported in sexual dimorphism in 2d:4d (Tables 1
and 2).

The results show a positive correlation be-
tween the digit lengths and height in both males
and females and between weight and second
digit length in case of males but the 2d:4d digit
ratio had no relationship to height and weight.
This agreed with Jacob et al. (2015) study which
reported that the second and fourth digit ratio
with physical attributes in South Indian popula-
tion appeared dimorphic and correlational. Ma-
ternal age, maternal body mass index, maternal
smoking during pregnancy, maternal alcohol
consumption during pregnancy, birth weight,
and gestational age expressed relationships with
digit ratio (2d/4d) as biomarker (Mitsui et al.
2016).

Fels Longitudinal Study on the White Amer-
icans reported no sexually dimorphic relation-
ship between digit ratios in children (Fink and
Manning 2018). Also, early appearance of sexu-
al dimorphism in 2d:4d for both finger lengths
which differs slightly on the age was found in
English and Scottish children as young as 2

Table 3: Predictive equation of height, weight and digit ratio of urban secondary school in Ebonyi
State, Nigeria

Variables Predictive equation R R2 SEE P

Height HT = 120.34 +    (0.815 × W) 0.77 0.600 5.620 0.000
RF2 HT = 81.41 +    (1.16 × RF2) 0.677 0.459 6.536 0.000
RF4 HT = 86.68 +    (1.04 × RF4) 0.679 0.462 6.517 0.000
RF2:RF4 HT = 178.61 + (-19.10 × RF2:RF4) 0.09 0.006 8.84 0.06
LF2 HT = 82.77 +    (1.13 × LF2) 0.687 0.47 6.45 0.000
LF4 HT = 82.70 +    (1.07 × LF4) 0.699 0.489 6.35 0.000
LF2:LF4 HT = 170.03 +  (10.25 × LF2:LF4) 0.047 0.002 8.87 0.004

*Right finger (RF), left finger (LF), height (H) and weight (W)
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years (Turanovic et al. 2007; Fink et al. 2004) . In
anatomy, once ossification sets in adults, the
metacarpo-phalangeal growth also stops. Rela-
tionship between 2d, 4d and 2d:4d existed
through prenatal testosterone exposure and has
existed in other ethnic groups, with report that
2d:4d is also negatively associated with prena-
tal testosterone (Bull et al. 2010; Jeevanandam
and Prathibha 2018). Right and left finger 2d:4d
correlated in this study, which agreed with pre-
vious work on the effects of sex, ethnicity, and
sexual orientation on self-measured digit ratio
(Manning et al. 2011). Again, the fact is that the
role of prenatal sex steroids in the development
of digit ratio (McIntyre 2006) serves as factor
during development of the length of fingers. This
study will predict weight, age and height when
2d:4d records are known, and can be useful in
forensic science, behavioral education and de-
velopmental biology.

CONCLUSION

The study concluded that digit ratio (2d:4d)
served as means for evaluation of birth weight
and age for population who do not know their
weight and age, which would provide solutions
to basic health issues. Again, the study con-
cluded that both dependent and independent
variables served good predictive models in es-
tablishing height and sexual dimorphic features
that existed in digit lengths.

RECOMMENDATIONS

 The researchers’ recommendation report is
designed to provide useful information about
finger lengths ratio of Ikwo population in Nige-
ria that may be a good fit for nutrition, forensic
and genetic sciences. Here, digit ratio (2d:4d)
research should be broadened in health educa-
tion as its serves as prenatal biomarker for early
development in life. The sample size should be
increased so as to accommodate population and
avoid sample errors. Also, both right and left 2d:4d
be determined with sophisticated anthropomet-
ric tool instead of digital Vernier caliper that will
better predict sex-behaviour relationship
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