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lated with maternal postpartum circulating testosterone but positively corre-

mothers were aged between 18 and 36 years while the median (IQR) age of
their offspring was 111 (44-210) days. Offspring right (2D:4DR) and left
(2D:4DL) digit ratios were measured using computer-assisted analysis. Sam-
pling was done at 111 (44-210) days postpartum and blood was analyzed for
total testosterone (TT), estradiol (E2) and sex hormone-binding globulins using
the enzyme-linked immunosorbent assay technique.

Results: The 2D:4DR of sons was significantly lower compared to daughters
(p = .031). Mothers with sons had significantly increased levels of serum TT
(p = .001) while mothers with daughters had significantly increased levels of
E2 (p = .000). As hypothesized, the maternal serum free testosterone (FT%)
was inversely correlated with their daughters' (r = —0.320, p = .003), and also
with their sons' (r = —0.213, p = .047), 2D:4DL. Unexpectedly, daughters'
2D:4DL was inversely correlated with maternal circulating free E2
(r = —0.255, p = .015).

Conclusions: In humans, evidence of the relationship between maternal tes-
tosterone levels and their offspring's 2D:4D ratio may persist even into the

postpartum period.

1 | INTRODUCTION not predicted until the publication of Manning (Manning

et al., 1998). It was observed that high PT exposure leads to
Sexual dimorphism in the second (2D) to fourth (4D) digit lower digit ratios and vice versa, such that the average male
ratio (2D:4D) in humans has been reported over 120 years has lower digit ratios as compared to the average female in
ago. However, the association between the 2D:4D ratio and many populations (Butovskaya et al, 2021; Ertugrul &
prenatal testosterone (PT) and estrogen (PE) exposure was Ozener, 2020; Williams et al., 2000).
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Evidence of the effect of PT and PE exposure on
human digit ratios is complicated because the phenome-
non seems to occur at an early stage in fetal development,
probably in the first trimester of pregnancy. Usually,
endocrine-disrupting conditions arising from pathology,
genetic aberrations or chemical exposures have served as
sources of postexposure estimates of the effect of PT and
PE on human digit ratios. The finding of masculinized
digit ratios in subjects with congenital adrenal hyperpla-
sia (CAH), feminized digit ratios in Klinefelter's and
androgen insensitivity syndromes and the relationship
between digit ratio and androgen receptor (AR) gene
polymorphism, all lend credence to the hypothesis that
2D:4D ratio is a proxy for prenatal testosterone exposure
(Breedlove, 2010). The Organizational Hypothesis pro-
posed that androgens act early in life to masculinized
brain development, behavior and also, digit ratios. But
other sources of sexual dimorphism in digit ratios have
been proposed: Digit ratios may be affected by the secre-
tion of anti-Mullerian hormones by the testes in male
fetuses, influences of the sex chromosome may also affect
digit ratios and also, social factors, which influence sex-
specific behaviors may affect digit ratios. Subsequent
studies have, however, ruled out the others and have affi-
rmed the role of prenatal androgen exposure in human
digit development (Breedlove, 2010; Manning et al., 2013;
Richards, Browne, Aydin, et al., 2020). However, recent
meta-analytic studies have found that effect sizes may be
reduced in comparison to earlier reports between persons
with CAH and controls (Nave et al., 2021). A study
among persons who had the 46, XY karyotype with com-
plete androgen insensitivity, found considerable intra-
group variability and inter-group overlap, making the
authors conclude that the 2D:4D ratio was not a good
indicator of prenatal androgen exposure between individ-
uals. However, this variability may have been the conse-
quence of the effect of prenatal estrogen (Berenbaum
et al., 2009).

Males tend to have higher prenatal testosterone
(PT) than prenatal estrogen (PT), with PT peaking close
to the end of the second trimester. PT and PE affect the
fetal digits differently, with PT levels correlating nega-
tively with the 2D:4D ratio and PE levels correlating posi-
tively with the 2D:4D ratio (Manning, 2011; Zheng &
Cohn, 2011). The precise effect of PT and PE on digit
development remained controversial until experimental
studies were conducted on mice (Zheng & Cohn, 2011).
In the experiment, it was observed that the developing
primordia of the digits were rich in androgen and estro-
gen receptors, particularly the 4D, which have a modulat-
ing effect on the skeletogenic gene expression and the
proliferation of cells such that a higher PT to PE ratio
promoted chondrocyte growth and hence longer 4D,

while higher PE exposure inhibited the process (Zheng &
Cohn, 2011). Digit ratios were not determined by either
PT or PE alone, but a balance between them signaling
within a narrow period of fetal digit developmental win-
dow. Some authors have critiqued the whole concept of
the 2D:4D ratio by citing the contradictory outcomes
between Zheng and Cohn (2011) and that of Huber
et al. (2017). In the former, digit ratios were inversely cor-
related with dihydrotestosterone (DHT) while in the lat-
ter, digit ratios correlated positively with DHT. It is,
however, worthy to note that different strains of the mice
were used in those studies, which may have been respon-
sible for the differences in the outcomes (Leslie, 2019).

The direct mechanism of action of PT and PE are dif-
ficult to replicate in humans due to ethical reasons. To
overcome this, previous and current studies rely on amni-
otic fluid, cord and maternal blood as proximate samples
to glean into what happens during the narrow prenatal
window (Lutchmaya et al., 2004; Mitsui et al., 2016;
Ventura et al., 2013). In this current study, postpartum
maternal blood samples were used to determine the rela-
tionships between maternal testosterone, estradiol and
offspring’s 2D:4D ratios. This study is the first of its kind
to be conducted in a Ghanaian population. The study
sought to determine whether evidence of Manning's
hypothesis can still be observed even in the postpartum
period. We hypothesize that the offspring 2D:4D ratios
will be inversely correlated with maternal postpartum
circulating testosterone but positively correlated with
estradiol.

2 | MATERIAL AND METHODS

2.1 | Sample

The study took place from December 2020 to April 2021
and was cross-sectional in nature. In this study,
132 mother-daughter pairs and 140 mother-son pairs
were recruited, totaling 272 mother-offspring pairs. The
participants were recruited from the Reproductive and
Child Health (RCH) unit, in Tamale. To be included in
the study, the mothers should have given birth for the
first time with a singleton birth. Their offspring should
have been less than 730 days (<2 years) old to qualify for
inclusion in the study. All the mothers were not to be on
any form of hormonal treatment and nonmenstruating
(without the use of contraceptives). Both mothers and
their offspring were to be devoid of any limb, finger, and
spinal deformities and also without any known
endocrine-disrupting conditions (e.g., CAH, AIS or chem-
ical exposure). Sampling was performed within a speci-
fied period between 8.00- and 12.00-hours Greenwich
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Mean Time (GMT) to minimize diurnal variations in hor-
monal and anthropometric variables.

2.2 | Data collection
221 | Sociodemographic and
anthropometrics

The detailed method for the collection of sociodemographic
and anthropometric variables of mother-offspring pair
can be found in a previously published work by the
same authors (Banyeh et al., 2021). A validated struc-
tured questionnaire was used to collect the medical
and demographic data of the studied population
including offspring weight at birth, weight at sampling,
fetal length, and fetal condition at birth. The digit
ratios were measured from palmar surfaces of hand
scans following the guidelines of Neyse and Brafias-
Garza (2014). The scanned hand images were analyzed
using a computer-assisted program [GIMP (v 2.10.22),
www.gimp.org]. The intraclass correlation coefficients
(ICC) were calculated using the two-way mixed, single
measures with absolute agreement technique. The ICC
for the 2D:4DL was 0.996 (95% CI: 0.994-0.998), while
the ICC for the 2D:4DR was 0.984 (95% CI: 0.980-
0.989). The maternal standing height (cm) and body
weight (Kg) were measured following the guidelines of
Best and Shepherd (2020).

2.2.2 | Laboratory analysis

Sample collection

After an overnight fast (12 h), a venous blood sample was
collected at a median (IQR) of 111 (44-210) days postpar-
tum into an ethylene diamine tetra-acetic acid and a red
top vacutainer tube. The blood samples meant for serum
were allowed to clot for 30 min at 4°C before both tubes
were then centrifuged at 1500 rpm for 10 min to separate
the serum/plasma. To appropriately store the samples for
later analysis, serum and plasma samples were aliquoted
into 1.5 ml plastic cryotubes and then frozen at —25°C.
The samples were not previously thawed and refrozen
beofre they were analysed.

Enzyme-linked immunosorbent assay

Maternal serum TT, E2, and sex hormone-binding globu-
lins (SHBG) were analyzed in duplicates using the
AccuBind® Microplate enzyme-linked immunosorbent
assay test system (Monobind Inc., Lake Forest, CA 92630,
USA). Serum TT was measured using the competitive
enzyme immunoassay (product code: 3725-300). The
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within and between assay coefficient of variation
(CV) for TT were < 5.6% and < 7.9% respectively with a
sensitivity of 0.0576 ng/ml (Accuracy range: 0.29-
21.9 ng/mL). Serum E2 was measured using a delayed
competitive immunoassay (product code: 4925-300). The
sensitivity of the test kit was 8.2 pg/mL with an accuracy
range of 10-4300 pg/mL. The within and between assay
CV of the E2 test kit were < 7.5% and < 8.2% respectively.
The SHBG in serum samples were measured using an
immunoenzymometric assay (product code: 9125-300).
The test kit had a sensitivity of 0.0122 nmol/L within a
4.6-184.0 nmol/L accuracy range. The intra-assay preci-
sion of the test kit ranged from 1.5% to 2.6%.

Calculated indices

The indices of TT and E2 were calculated using standard-
ized formulae. Free testosterone (FT%) and bioavailable
testosterone (BioT%) were calculated from the website
(http://www.issam.ch/freetesto.html) based on the rec-
ommended formula by Vermeulen et al. (1999). The free
androgen index (FAI) and testosterone-estradiol ratio
(TT/E2) were calculated by dividing TT by SHBG and E2
respectively (all in the same unit). Free E2 (FE2%) was
estimated on the website (https://hrt.cafe/free-e2-
estimator/) based on the recommended formula of
Sodergard et al. (1982).

Routine biochemistry

The BT 1500 automated biochemistry analyzer (Biotechnica
Instruments, SPA, Italy) was used to analyzed maternal
postpartum serum/plasma samples for albumin and
total cholesterol. The authors followed the manufac-
turer's instructions and used the manufacturer's rec-
ommended reagents.

2.3 | Statistical analysis

Data collection was done using an Excel spreadsheet
(www.microsoft.com). The data was sorted before statisti-
cal analysis was performed in SPSS (v23) and GraphPad
Prism (v 8) statistical software. Descriptive statistics were
performed for each variable. Parametric (normally dis-
tributed) variables were presented as mean + SD, non-
parametric variables (non-normally distributed) as
median (IQR) while categorical variables were presented
as numbers (percent). The differences between means
were determined using the student t-test while differ-
ences between medians were determined using the
Mann-Whitney U test. The within-group differences
between the left and right digit ratios for daughters and
sons were performed using the paired student t-test. The
relationships between digit ratios and maternal variables
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were performed using linear regression and Spearman
correlation analysis. All the statistical analyses were
2-tailed at a p value of <.050.

3 | ETHICAL CONSIDERATIONS
The study complied with the guidelines of the 1964 Hel-
sinki Declaration and its later amendments regarding
human subject studies. The study also complied with all
national and institutional guidelines for human subject
studies. The study received approval from the Institu-
tional Review Board of the University for Development
Studies, Tamale. All mothers verbally gave informed con-
sent to participate on their own and on behalf of their off-
spring before the study.

4 | RESULTS

41 | Mothers' characteristics

The sociodemographic and anthropometric characteris-
tics of the mothers in the study are summarized in
Table 1. The mothers were 272, aged between 18 and
36 years, with a mean + SD of 23.9 + 3.67. Their BMI
ranged from 17.3 to 34.8 Kg/m®. The number of mothers
with daughters was 132 (48.5%) while the rest had
sons (51.5%).

4.2 | Offspring’s characteristics

The age and digit (2D:4D) ratios of daughters and sons
are shown in Table 2 and Figure 1. There was no
significant difference in age between daughters and sons.
The 2D:4DL was significantly higher compared to the
2D:4DR in both daughters and sons (p < .010). The
2D:4DR of daughters was significantly higher compared
to sons (p = .031).

4.3 | Maternal blood TT, E2, and their
indices stratified by offspring sex

Maternal TT, E2, and their indices were compared by off-
spring sex (Table 3). There were no significant differences
in age and BMI between mothers with daughters and
those with sons (p > 0.05). However, maternal blood TT,
FT%, FAI, BioT%, FE2%, and TT/E2 were significantly
higher among mothers with sons while E2 and SHBG
were significantly higher among mothers with daugh-
ters (p < .010).

TABLE 1
characteristics of the mothers

Sociodemographic and anthropometric

Variable Min-Max/n (%)
Continuous

Age (years) 18.0-36.0 (23.9 + 3.67)

Height (cm) 145-176 (162.5 + 5.63)

Weight (Kg) 45.3-34.8 (61.9 + 9.44)

BMI (Kg/m?) 17.3-34.8 (23.6 + 3.56)
Categorical

Number of mothers 272 (100)
Ethnicity

Mole-Dagomba 260(95.6)

Other-ethnicity 12(4.4)
Religion

Islam 240(88.2)

Christianity 32(11.8)
Marital status

Married 258(94.9)

Other partnership 14(5.1)
Educational status

None/basic 44(16.2)

JHS 48(17.6)

SHS/vocational 118(43.4)
Tertiary 62(22.8)
Employment status

Unemployed 152(55.9)

Self-employed 84(30.9)

Salaried work 36(13.3)
Sex of child

Female 132(48.5)

Male 140(51.5)

Note: Results were presented as minimum-maximum (mean + SD) for
continuous variables and as number (percent) for categorical variables.

TABLE 2 Sociodemographic and anthropometric variables of
the daughters and sons

Variable Daughters Sons p value
Age (days) 116 (51-240) 134 (51-240) 0.808
2D:4DR 0.91 + 0.04% 0.90 + 0.04F .031
2D:4DL 0.92 £ 0.05 0.92 £ 0.05 0.555
Dr-1 —0.013 + 0.048 —0.021 + 0.052 193

Note: Results presented as mean + SD or median (IQR). The mean values of
sons were compared with those of daughters using the student ¢-test
(unpaired, 2-tailed) while the median values were compared using the
Mann-witney U test (unpaired, 2-tailed). Also, an intra-sex comparison of
the right and the left digit ratio was performed using the paired student ¢-
test (2-tailed). #Significant at p = .002 when compared to 2D:4DL.
tSignificant at p < .001 when compared to 2D:4DL.
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FIGURE 1 The distribution of digit (2D:4D) ratios among

daughters and sons of the study population: Distribution of 2D:4DR
(A), distribution of 2D:4DL (B)

4.4 | Daughters’ 2D:4D ratio and
maternal blood TT, E2, and their indices

Maternal blood TT, E2, and their indices were regressed
on the 2D:4DR and 2D:4DL of their daughters (Figure 2).
Maternal blood TT (r = -0.236, p = .026), FT%
(r = —0.320, p = .003), BioT% (r = —0.319, p = .003),
FAI (r = —0.321, p = .002), FE2% (r = —0.255, p = .015)
were inversely correlated while SHBG (r = 0.214,
p = .045) was significant but positively correlated with
the 2D:4DL of their daughters (p < .050).

4.5 | Sons' 2D:4D ratio and maternal
blood TT, E2, and their indices

When maternal blood TT, E2, and their indices were
regressed on their sons digit ratios (Figure 3), FT%

(r = —0.213, p = .047) was significant but inversely corre-
lated with their son's 2D:4DL while FAI was significant but
positively correlated with 2D:4DL (r = 0.232, p = .032).

5 | DISCUSSION

The study aimed to determine the relationships between
maternal postpartum TT, E2 and their calculated indices
and offering’s 2D:4D ratios. The 2D:4DR of sons was sig-
nificantly lower, compared to that of daughters. It was
also observed that mothers with sons had significantly
higher TT, FT%, BioT%, FAI, and TT/E2 ratio while
mothers with daughters had significantly higher levels of
circulating E2 and SHBG. There was a significant but
inverse relationship between daughters’ 2D:4DL and
maternal circulating TT, FT%, BioT%, FAI, and FE2%.
Also, maternal FT% inversely correlated with their sons'
2D:4DL.

The study observed that the 2D:4DR of sons was sig-
nificantly lower, compared to that of daughters
(Honekopp & Watson, 2010). It is suggested that the right
hand is more responsive to the effect of prenatal andro-
gen exposure, AR gene polymorphism and clinical condi-
tions than the left hand (Breedlove, 2010). Studies among
monozygotic and dizygotic twins have shown that the
heritability of digit ratios in males was higher in the left
than the right hand, this was a further indication of the
high responsiveness of the right to prenatal androgen
exposure than the left-hand (Gobrogge et al., 2008). More
details on the heritability of digit ratios can be found in
an earlier population by the same authors (Banyeh
et al., 2021).

It was observed in this study that mothers who had
sons at birth had higher circulating TT, while mothers
with daughters had significantly higher levels of circulat-
ing E2. Although in this study, postpartum blood samples
were used, previous studies have indicated that parental
hormones around the time of conception have an influ-
ence on offspring sex ratios at birth (James, 1996;
Mascaro et al., 2014). The hormonal hypothesis suggests
that elevated parental blood testosterone and estrogen
around the time of conception is significantly associated
with sons at birth while parental blood progesterone and
gonadotrophins, with daughters (James, 1998). This
hypothesis is supported in conditions of pathology, chem-
ical or occupational exposures, that disrupt the endocrine
system in humans and other mammals (James, 2006).
The hormones in the hormonal hypothesis satisfy the
“condition” in the Trivers-Willard Hypothesis (TWH),
which proposed that mothers in good “conditions” tend
to produce sons as opposed to daughters in other to have
more grand offspring. According to the TWH, sons have
a reproduction advantage over females, because, in
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Mothers of Mothers of TABLE 3 Comparing maternal
Variable daughters n (132) sons n (140) p value blood testosterone, estradiol and their
indices by offspring sex at birth
Age (years) 23.0(21.0-26.0) 25.0(21.0-27.0) 0.228
BMI (Kg/m?) 22.7(20.8-25.3) 22.7(20.9-25.6) 0.621
TT (nmol/L) 1.2(1.0-1.4) 3.5(2.7-5.1) 0.000
FT (%) 0.8(0.6-1.0) 1.0(0.7-1.3) 0.001
BioT (%) 23.4(15.7-29.5) 28.3(21.0-34.4) 0.001
FAI 1.4(0.7-1.9) 4.7(3.2-7.4) 0.000
E2 (pmol/L) 90.9(54.0-205.9) 54.5(35.2-80.5) 0.000
FE2 (%) 1.7(1.3-2.0) 2.0(1.6-2.3) 0.001
TT/E2 (both in pmol/L) 10.3(7.0-21.7) 56.2(37.9-104.5) 0.000
SHBG (nmol/L) 92.0(67.9-149.0) 71.2(51.3-107.0) 0.001
TCHOL (mmol/L) 5.2(4.6-6.0) 5.1(4.5-6.0) 0.416
ALB (g/L) 51.5(46.2-58.3) 50.1(47.5-55.7) 0.040

Abbreviations: ALB, albumin; BMI, body mass index; BioT, bioavailable testosterone; FT, free testosterone;
FAL, free androgen index; E2, estradiol; FE2, free estradiol; SHBG, sex hormone-binding globulin; TT, total

testosterone; TCHOL, total cholesterol.

Note: Results were presented as median (IQR). The difference in median values between the two groups was

determined using the Mann-Whitney U test (unpaired, 2-tailed).

favorable conditions, sons will have more offspring in
polygamous systems. However, an unsuccessful male in
polygamous systems has fewer chances of mating when
conditions are bad mainly due to competition. But an
unsuccessful female in adverse conditions may still pro-
duce at least one or two offspring, and thus guaranteeing
future grand offspring (Trivers & Willard, 1973). Previous
studies have observed that the proportion of sons among
women who were infected with Toxoplasma gondii or
carriers of the hepatitis B virus around the time of con-
ception or developed preeclampsia during pregnancy,
was significantly higher. This was due to the relatively
high levels of testosterone around the time of conception
in such individuals since females usually respond to
stress by increased secretions of adrenal androgens
(James, 2006; Karnkova et al., 2007; Oster, 2005; Yuan
et al., 1995). Although the fathers were not considered in
this study, it was reported that there was an inverse cor-
relation, independent of parental sex or -ethnicity,
between parental 2D:4D ratio and the proportion of sons
at birth (Manning et al., 2002). Other hypotheses proffer-
ing an explanation for SRB include Krackow's hypothesis
of developmental asynchrony (Krackow, 1995), the
maternal dominance ranking hypothesis (Grant, 2006),
the maternal stress hypothesis (Catalano, 2003) and the
maternal glucose hypothesis (Cameron et al.,, 2008).
However, attempts at finding the mechanism for all the
various hypotheses on SRB are pointing to the effect of
parental hormones. High SRB was found among both
low-rank and high-rank females contrary to the maternal

dominance rank hypothesis. It was later shown that
stress may be associated with both low-rank and high-
rank females. Female mammalians usually respond to
stress by excess secretion of adrenal hormones and if this
occurs around the time of conception, then a high SRB
will be observed. Also, the outcome of studies among
women with diabetes mellitus regarding SRB were
mixed. It was explained that excess adrenal hormones
may stimulate the release of glucose in stressful condi-
tions and the adrenal hormones and not the glucose may
be the determining factor of the high SRB (Brown
et al., 2020). Although the hormonal hypothesis has some
credibility, some have critiqued that it is only supported
by correlational or observational but not experimental
evidence (James & Grech, 2017).

In this study, daughters 2D:4DL was inversely corre-
lated with maternal TT while maternal FT% was
inversely correlated with sons’ 2D:4DL. Whitehouse
et al. (2015) found an inverse correlation between BioT%
and 2D:4DL but not 2D:4DR among females. Most stud-
ies that investigated the effect of maternal environment,
on offspring digit ratios most often, assayed amniotic
fluid or cord blood androgens (Lutchmaya et al., 2004;
Mitsui et al., 2016). Only a few studies have examined the
relationship between maternal blood androgens' concen-
tration and offspring's digit ratios (Ventura et al., 2013).
A study found an inverse correlation between male
2D:4D ratio and cord blood dehydroepiandrosterone
(DHEA) in a Japanese population while an earlier study
found significantly higher levels of cord blood TT, and
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testosterone-estradiol

ratio

among boys (Mitsui

et al.,, 2016). In another study, maternal blood TT and
digit ratios showed a significant but weak negative corre-
lation while amniotic fluid TT was strongly but inversely
correlated with digit ratios but only in female newborns.
Although Lutchmaya et al. (2004) found significant nega-
tive relationships between digit ratios and amniotic fluid
TT and E2 a follow-up replicative study and similar

studies did not find any significant relationships (Cetin

et al., 2016; Hollier et al., 2015; Richards, Browne, &
Constantinescu, 2020). It is however thought that amni-
otic fluid and cord blood analysis is an assessment of the
perinatal but not the prenatal period since these samples
can only be collected from the second and third trimes-
ters respectively, by which time the effect of prenatal
androgens on digit development would have occurred



S0 | WILEY—,

s
m American Journal of Human Biology

BANYEH ET AL.

(©) (D)
r=0.054, P=0.617; R?=0.006 r=-0.006, P=0.954; R?=0.002
10+ 10-
—~ 8- o® —~ 8- 8
d °5® © d 8 ©°
2 i IO
O, ; 8
: = o
- & _ ©° o o
2 ) °od ° = 2 o © Q’§8°°
0- 0-

y=3.368*x + 1.008
T T 1
0.8 0.9 1.0 1.1
2D:4DR

r=0.117, P=0.282; R?=0.028

y=1.888"x + 2.298

r T T 1

08 09 1.0 1.1
2D:4DL

r=-0.106, P=0.333; R?=0.002

80- 80
__ 60 ° o __60 o o
9 ®
= 40 o ° o = 40 o % 8
9 8 Labo 0 b Y
m (] m o 5
204 P Po° 20 g 8°° 0
o o o o
0- 0

y=38.73"x - 5.594
r T T 1
0.8 0.9 1.0 1.1
2D:4DR

r=-0.202, P=0.056; R?=0.034

= 8.987*x + 21.07

0.8 0.9 1.0 1.1
2D:4DL

r= 0.074, P=0.488; R?=0.024

200+ 200
o o
Q 150 ° 5. 150 °
2 s g 100 oo °
- (X} o
g_ 100 o 23°, & 080" 00
It ° ~ @
w 50 gg\uﬁ\%\e\o w 50 A/B’GFB/
Bugo o FPo
0 ° o® 0 o °%®
y=-134.0*x + 181.4 - y=110.7*x - 41.66
1 1 1
0.8 0.9 1.0 1.1 0.8 0.9 1.0 11
2D:4DL

2D:4DR

r=0.022, P=0.850; R?=0.000

r=0.026, P=0.823; R?=0.013

200 200
oo )
150 ° 150 °
o 0
= 100 ° @ = 100 2.8 e
o Qe
" BT " [ o
50 50 %0 %00
§°o°8§d’ ° o aggoogoo 0002
0 y= 12.86*x + 59.25 0 y= -97.84*x + 161.1
08 09 10 1.1 08 09 1.0 1.
2D:4DR 2D:4DL
FIGURE 3

(©)
r=0.068, P=0.529; R?=0.003
2.0
° o
1.5 S o
—_ (-} 0.0
2 0.% @
E1 meg e
w °‘bo§wq’
0.5+ o o o
. o
00 y=0.3802"x + 0.6582
08 09 10 1.1
2D:4DR
r=0.232, P=0.032; R?=0.055
15+
o0
o o
10 8%
=
5_
0- "
y= 15.56"x - 8.342
T T 1
08 09 1.0 1.1
2D:4DR
r=0.111, P=0.308; R?=0.006
As °
o H° o
w @ op0
B, 3y
<]
ooooés%
1 o ° o
y=0.7244*x + 1.317
08 09 10 1.1
2D:4DR
r=-0.142, P=0.182; R?=0.001
250+
92004 o o
3 o
£ 150
£ ©of o
g 1004 %0..%°%
SEE S
5 s0q & cﬁafo o
° )

o
L

(-]
y= ;30.53*)(I + 109.4I
0.8 0.9 1.0 1.1
2D:4DR

(D)
r=-0.213, P=0.047; R?>=0.014
2.0
o ° °
154 ©° 5
—_ o %
Siof T
=~ 1.0 °
- .00
w %gms o
0.5+ ° o
- o
0.0 y=-0.8890*x + 1.822
1 1

T
0.8 0.9 1.0 1.1
2D:4DL

15r= -0.107, P=0.326; R?=0.009

ooow
10 3
E 0.0 ° :
5+ ?-‘gb“’o\
o o
% ‘g0 o
%o o
0- y= -6.834*x + 11.98
I 1 T 1
08 09 10 1.1
2D:4DL
r=-0.156, P=0.152; R?=0.013
4
o
A3 o o
€| b
(2] 2 ?—%\o
E B350 @ °
1 8 o
0 y= -1.106*x + 2.990
| I R E—
08 09 10 1.1
2D:4DL
r= 0.198, P=0.062; R?=0.034
250~
= 200- ° °
B o
£ 150-
£ °°§8 [}
G 100+ ®o
% W
o 50 B TFo
° & 8 o o
0- o

y= 163.0*)|( - 68.46:
0.8 0.9 1.0 1.1
2D:4DL

Simple linear regression graphs with spearman rank correlation coefficients (r). Maternal blood total testosterone (TT),

estradiol (E2) and their indices were regressed on their sons' 2D:4DR (column C), and 2D:4DL (column D). FT; free testosterone, BioT;
bioavailable testosterone, FAI; free androgen index, FE2; free estradiol, SHBG; sex hormone binding globulin

probably in the first trimester (Richards, 2017). Although
postpartum samples were used in this study, significant
findings were made as hypothesized by Manning
et al. (1998). These observations may probably show that
the relationship between PT and digit ratios may persist
even into the postpartum period.

The current study has some strengths: this study is
the first to come from Ghana that sought to determine

the effect of maternal TT, E2, and their calculated indices
on offspring digit ratios. Also, digit ratios were measured
using computer-assisted analysis, which is more precise
than direct measurements or from photocopies (Fink &
Manning, 2018). Moreover, the study did not examine TT
and E2 alone, but also their calculated indices. However,
the authors acknowledge the use of postpartum maternal
samples instead of amniotic fluid, first-trimester samples,
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or cord blood since the effect of prenatal androgen expo-
sure seem to take effect earlier in pregnancy
(Richards, 2017). The effect of DHT and other androgens
on digit ratios were not assessed due to cost implications.
We conclude that evidence of the hypothesis that PT
exposure has a relationship with offspring’s 2D:4D ratio
may probably persist even into the postpartum period.
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