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Abstract

Stuttering is a male-biased speech motor control disorder that lead to disruption in the rhythm of speech. The effect
of sex on development of stuttering is well known; males are more susceptible to and less recovered from
stuttering than female. Sex hormones have been studied as a main accused factor for this gender dependency of the
disorder. The aim of this systematic review is to navigate the extent of previous research about the relationship of
developmental stuttering and sex hormones. Toward these ends, a comprehensive, electronic review of past
concepts regarding the relationship of stuttering with sex hormones and digit ratio as an indirect index for fetal
testosterone exposure, in Scopus, Science Direct, PubMed, Medline, Embase, and Cochrane database was carried
out to identify potential studies for the review. Inclusion criteria were original quantitative research, written in
English, used human subjects and published from 2000 through 2020. Findings were mixed, although potential
patterns were identified. There were methodological limitations such as small participant numbers, in the targeted
population in this review research. The findings from this current study add to the growing body of evidence
demonstrating that sex hormone have a significant association with stuttering.
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1. Introduction

Developmental stuttering is a multifactorial speech disorder defined as a disturbance in the normal verbal fluency
characterized by involuntary frequent repetitions, blocks, and prolonged speech sounds. The prevalence of
stuttering is about 5% during childhood but reduced to 1% among adults due to spontaneous recovery (De Oliveira
etal., 2013). The etiology of developmental stuttering is unknown but epidemiological data put forward the role of
sex steroid hormone specially androgen. There is a higher incidence of stuttering in males than in females with a
male to female ratio of 2:1. But the ratio is increased to 4:1 because of more recovery among females than males
(Drayna et al., 1999).

Sex hormones may consider as one of the reasons underlying this gender difference in stuttering. Testosterone is
one of the most powerful androgens secreted from the testis and adrenal gland. During early human development,
there are two periods during which the male brain is exposed to higher levels of androgen than the female brain.
The initial period begins at 8-10 weeks of gestation, with testosterone levels of males reaching a peak at about
13-15 weeks (Migeon & Wisniewski, 1998). The second surge of testosterone elevation in males occurs during the
initial six post-natal months. Exposure of the brain to testosterone and estradiol in early infancy has been reported
to affect the language development and has been associated to left- some neurodevelopmental conditions (Smail et
al., 1981). Fetal testosterone secreted by the gonads may influence other body structures, including the face fingers,
and toes (Burris & Nelson, 2007). It has been reported that testosterone plays a role in sexual activity, libido, social
behaviors, aggression, cognitive functions, sleep regulation, and well-being in both males and females. Previous
studies demonstrated that many predominantly male conditions might associated to a high level of fetal
testosterone, which delays left hemisphere growth, causes right-hemisphere dominance for speech and language,
and results in left-handedness. (Zitzmann, 2006; Barrett-Connor et al., 1999). Two prominent theories address the
influence of fetal testosterone exposure on cerebral lateralization; Geschwind and Galaburda (1987) proposed
exposure to higher levels of fetal testosterone during critical periods of prenatal neurodevelopment shifts
development of structures sub serving certain functions, such as language, predominantly to the right hemisphere
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(Geschwind & Galaburda 1987). They further suggested that the influence of prenatal testosterone exposure on
left-hemisphere growth retardation would be more apparent in men. A second theory, the callosal hypothesis put
forward by Witelson and Nowakowski, suggests that in men, higher concentrations of fetal testosterone increases
axonal pruning in the corpus callosum, which leads to a more pronounced typical lateralization of functions
(Witelson and Nowakowski, 1991).

The 2D:4D ratio is a recent marker proposed to correlate with prenatal testosterone level and is the most important
factor of prenatal testosterone exposure. Manning has first hypothesized that 2D:4D ratio may predict some
disorders, including stuttering and the relationship between 2D:4D and verbal fluency (both phonologically based
fluency, the FAS test, and semantically based fluency, the Varley test) and prenatal testosterone. In addition to
2D:4D ratio, Manning defined another finger parameter, DR-L, which is the difference between right and left hand,
2D:4D ratios (Manning, 2002). Besides, the length ratio of the second (index) to the fourth (ring) finger (2D:4D), a
putative negative correlate of prenatal T, has become a popular variable for studying effects of prenatal
androgenization in humans (Mitsui et al., 2015).

However, 2D:4D may not exclusively reflect prenatal sex hormones but also adult circulating sex hormone levels.
Therefore, observed relations between 2D:4D and variables of interest in adults may not reflect effects of prenatal
androgenization, as is commonly assumed, but the effects of circulating sex hormones (Manning, 2002).

Stuttering has been linked to left- or mixed-handedness (Mohammadi et al., 2019) and also has been associated to
right-hemispheres lateralization for some language processing (Sowman et al., 2014). Hence, it has been
speculated that developmental effects of sex hormones like testosterone or estrogen could account for the sex
biases in stuttering and underlying neurological mechanism (Suresh et al., 2006). Recently studies have focused on
the role of sex steroid in pathophysiology of developmental stuttering. Since few studies report any systematic
analysis of the relationships between stuttering and sex hormone and 2D:4D ratio, the current review was
conducted in order to analysis the interaction between sex hormone and stuttering, and narrowed the focus. In the
present study, we reviewed all previous investigation which directly or indirectly measured the association
between post- and pre-natal sex steroid and developmental stuttering.

2. Method

A systematic review was conducted using Scopus, Science Direct, PubMed, Medline, Embase, and Cochrane
database up to 2020. The search terms include of the following: (“stuttering” [MeSH] OR “stutter”’) AND (“sex
hormone” [MeSH] OR “androgen” OR “2D:4D digit ratio”). A Google Scholar Search was performed, and the
first 500 hits were crossed-checked manually to identify pertinent articles that were not detected by the database
search. A hand search of the bibliography of articles that met the criteria was conducted to identify additional
relevant articles. First, duplicate records were removed, and initial title and abstract screening were conducted for
relevance. Records that were clearly not related to stuttering were removed. Second, the abstract or method's
sections of records with titles that were ambiguously related to stuttering (e.g., the relation of sex hormone and
stuttering) were reviewed, and the record removed if it did not mention stuttering. We used the reference section in
the retrieved documents to look for further studies pertaining to our issue. Each article was reviewed independently
by the authors. The review process was conducted individually by each author, and the results of the selection were
compared. There were no discrepancies in article selection between authors. We will outline areas where the
knowledge remains weak and inconclusive, and attempts to further the theoretical knowledge of the intersection of
sex hormone and stuttering that could inform practice and guide future research.

3. Result and Discussion

We turn to those associations between stuttering, 2D:4D and sex hormones. The Google Scholar search yielded a
total of 8,930 titles and the reference list yielded a total of 823 titles. Our review pertains to 21 relationships that
met the criteria between putative indicators of prenatal androgenization (left hand 2D:4D, right hand 2D:4D, and
measures of circulating levels of sex hormones (total testosterone, bioavailable testosterone, estradiol, luteinizing
hormone, follicle-stimulating hormone, and progesterone). Several significant relationships, involving T, FSH,
and LH and stuttering were found. The primary findings are listed in Table 1.
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Table 1. Overview of previous studies which investigated associations between sex hormones and stuttering

Study Number of subjects and the ~ Finding and result
N= 133 (49 boys CWS and
. 84 boys CWNS) . . .o .
q Doénmez et al., Age: 2-12 years Left 2D:4D ratio of the patients was significantly higher than that of the control group;
2019 prenatal T play a role in the etiology of developmental stuttering

Cross-sectional
case-control study
N= 130; 90 CWS & 40

Yuksel et al, CWNS Age: 6.8+3.8 Right2D:4D was significantly lower in stuttering group.

2019 years DR-L was significantly lower in stuttering boys than control boys
Case-control study
N=30

3 Bilaletal,2018 Age:<18

Prospective case control

The GPER-1 levels of the stuttering patients were found to be higher than those of the
control group and GPER-1 levels of male patients were higher than those of females

T and its metabolites, DHT and estradiol, were significantly higher in CWS
Mohammadi et N=92 CWS and 91 CWNS There was a significant positive correlation between T, DHEA and cortisol levels and

4 al., 2017 Case-control study stuttering severity
No significant differences in 2D:4D between CWS and CWNS
N=50 (25 CWS and 25
Selguk et al., CWNS) . L . .
5 T levels in CWS group were significantly higher than in the control group
2015 Age: 7-12 years
Case-control study
N=38 CWS (28M-10F) No significant differences in the 2D:4D between CWS and CWNS
Montag et al. And 36 CWNS A significant main effect of sex on the right 2D:4D ratio was observed with males
6 2015 (24M-12F) showing lower ratios compared to women.
Age: 30.63 years 2D:4D correlated negatively with higher scores of the stuttering and this effect was
Case—control study more pronounced for female persons who stutter.

CWS: children who stutter; CWDNS: children who do not stutter; 2D:4D: The lengths of index finger (2D) and
ring finger (4D) of both hands; D r-1: Right and the left hand 2D:4D ratio; T: testosterone; GPER-1: G-protein
coupled membrane estrogen receptor-1; DHT: Dihydrotestosterone; DHEA: Dehydroepiandrosterone.

Stuttering usually begins between the ages of 2 and 5 years, and it is seen two times further frequently in boys in
this age group, while the ratio changes in the adult age group, occurring up to four times more in the male sex
because of that T, which is a sex hormone, might play a role in the etiology and chronicity of the disease. T
regulates cell death and dopamine transport in the substantia nigra and striatum (Selguk et al., 2015). It has been
shown that changes occurring in the sex steroids during adolescence play an important role in dopamine signaling
and regulation (Selguk et al., 2015). T may impact upon the disease in this way. Indeed, the role of T in the diseases
where dopamine and the basal ganglia play important roles (Parkinson’s, TS, dystonia, etc) have been studied
(Whitehouse et al., 2009). The role of stress on the triggering of stuttering is well known. Stress factors play a
particular role in the triggering of acquired stuttering; also, stuttering is a stress factor in itself, so this vicious cycle
has been reported to lead to chronicity in stuttering (Ortega & Ambrose., 2011). Stress activates the
hypothalamo—pituitary—adrenal (HPA) axis and, consequently, a hormonal axis that includes T (HPA) is activated
by stress. Thus, the stress that arises during stuttering activates the HPA axis and it can be concluded that serum T
levels can increase during stuttering (Ortega & Ambrose, 2011).

Schachter (1994) investigated the prevalence of non-right handedness in a group of women whose mothers had
been administered diethyl-stilbestrol (DES) during their pregnancies. DES is a synthetic estrogen, administered to
prevent miscarriage, which affects the fetal brain in a similar fashion as T (Schachter, 1994). Montag et al. revealed
that there was no significant relationship between prenatal T (2D:4D) and stuttering (Montag et al., 2015).
Moreover, Mohammadi et al., showed no significant relationship between prenatal T (2D:4D) and stuttering
(Mohammadi et al., 2017).

On the other hand, Martel et al showed that high prenatal T exposure may make males more sensitive to
environmental stressors, compared to females, potentially by slowing down fetal growth in order to calibrate a
phenotype so that it will be well-suited for coping with these early-childhood environmental conditions (Martel &
Roberts., 2014). Moreover, Lust et al reveals that T affects different brain structures in males and females and
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modulates heritable variation of human lateralization (Lust et al., 2010). Besides, Wang et al revealed that a higher
prenatal T exposure was correlated with a greater risk of developing disruptive behavior disorders, and T may exert
differential neurocognitive effects between boys and girls (Wang et al., 2017). Mohammadi et al., showed that
postnatal serum levels of testosterone and its metabolites, dihydrotestosterone and estradiol, were significantly
higher in child who stuttered compared to child who did not stutter. They also found a significant positive
correlation between postnatal testosterone, dehydroepiandrosterone and cortisol levels and stuttering severity
(Mohammadi et al., 2017).

Manning investigated the relationship between 2D:4D finger ratio (both right and left hand) and testicular function
in men attending an infertility clinic and in men included from the UK general population. They found a direct
association between the 2D:4D finger ratio and the FSH and LH respectively, and an inverse association with T
level and testis volume in men with compromised testicular function, but not in men with normal testicular
function (Manning et al., 2004). The relationship between 2D:4D and prenatal T and estrogen exposure level was
first discussed in detail by Manning et al. 2D:4D values were found to be about 25 standard deviations higher than
male values (Manning et al., 1998). On the other hand, Montag et al. studied 2D:4D ratio in adults who stutter and
reported that there was no significant difference in 2D:4D ratio between stuttering adults and healthy controls;
however, they also found that low 2D:4D was associated with higher negative experiences due to stuttering,
particularly in females (Montag et al., 2015). Additionally, growth of the adrenal gland has been found to increase
prenatal androgen levels and cause a low 2D:4D ratio in children with congenital adrenal hyperplasia. Besides,
they found that 2D:4D ratio of the right hand was significantly lower in the stuttering group compared to those who
do not, which supports a higher level of prenatal T exposure in CWS. Besides, right hand 2D:4D and DR-L were
significantly lower both in ‘severe’ and ‘mild-to-moderate’ stuttering groups compared to the controls and higher
level of fetal T exposure has been accused to play an important role in the etiology of stuttering (Yuksel et al.,
2019).

On the other hand, Donmez et al reported that the left 2D:4D ratio of the patients was significantly higher than that
of the control group (p=0.017) and there was no significant statistical difference between the groups in terms of
right 2D:4D ratios (p = 0.595) (DONMEZ et al., 2019). Moreover, Selguk et al revealed that he medians of the
testosterone levels of the stutterer were significantly higher than in the control group (P=0.001). Besides, there was
a significant correlation between the severity of the stuttering and testosterone levels in the stutterer group
(P=0.0001) (Selguk et al., 2015).

Besides, Beaton et al demonstrated that the 2D:4D ratio of neither the left nor the right hand was connected to
handedness, the distinction between the digit ratios of the right and left hands, DR-L, was a significant forecaster
of handedness and of the performance difference between the hands on a peg-moving task. Circulating T levels did
not foretell the digit ratio of the left or right hand; nor was there a significant relationship between concentrations
of salivary T (or cortisol) and either hand preference or asymmetry in manual skill. It can be concluded that the
association between DR-L and hand preference arises because DR-L is a correlate of sensitivity to T in the
developing fetus. (Beaton et al., 2011).

However, Hollier demonstrated that there was no significant associations between digit ratio and any androgen or
estrogen concentrations considered separately the testosterone to estradiol ratio, total androgen bioactivity
measure or ratio of androgen to estrogen bioactivity (all p > .05) and total estrogen bioactivity was negatively
correlated with left hand digit ratio (r =—.172, p =.02). It shows that digit ratio is not related to fetal androgens or
estrogens at late gestation (Hollier et al., 2014). Ho nnekopp studied 102 males and 66 females and found no
association between blood serum T levels and digit ratio (Honekopp et al., 2006). On the other hand, Ju'rima“e et al.
reported a significant correlation (uncorrected for multiple testing) in 26 male adolescents between serum T levels
and right hand 2D:4D ratio (measured from wrist to fingertip) (Jiirimde et al., 2008). Moreover, Moffat and
Hampson who, using a binary classification of handedness, reported that 40 adult left-handers showed
significantly lower concentrations of salivary T than 40 right-handers (Moffat & Hampson, 1996).

Firman et al. (2003) found no significant association between 2D:4D ratios and measures of semen quality, neither
for right nor left hands. However, they did find a momentous inverse association between body asymmetry (i.e.
subtracting the left from the right-side values of the ear, wrist, elbow, ankle and foot) and sperm count as well as
sperm motility (Firman et al., 2003). Manning et al. (1998) have found a direct significant association between the
finger ratios of 2D:4D of the right hand and LH, prolactin, and estrogen level respectively, and a reversed
association between the finger ratio and the T levels. Besides, they also found a statistically significant inverted
association with sperm count but no significant association between the 2D:4D finger ratios and the FSH level
(Manning et al., 1998).
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Hickey et al. correlated maternal and rostenedione (A4), dehydroepiandrosterone sulfate (DHEAS), sex hormone
binding globulin (SHBQG), total testosterone (TT), free testosterone (cFT) and free androgen index (FAI) measured
at 18 and 34 weeks’ gestation with offspring digit ratio variables measured at 14-16 years of age. Other than weak
positive correlations with A4 at 18 weeks, no effects were observed (Hickey et al., 2010). On the other hand,
Ventura et al manifested that the 2D:4D dimorphism is already current at birth. As expected, males had lower mean
2D:4D ratio than females. Richard et al establish that the distinction is subtle and there is a large convergence of
2D:4D distributions between sexes (Ventura et al., 2013).

Several studies have reported on associations between digit ratio and fetal hormones measured from amniotic fluid.
Lutchmaya et al. observed a significant negative correlation between the ratio of testosterone to estradiol in
amniotic fluid and R2D:4D in two-year-old infants. However, no effect was observed for L2D:4D, and neither
testosterone nor estradiol was a significant predictor on its own (Lutchmaya et al. 2004). Ventura et al. reported a
significant negative correlation between amniotic testosterone and L2D:4D in newborn infants, though a similar
effect for R2D:4D was not statistically significant; there were no correlations between amniotic testosterone and
right or left 2D:4D in newborns (Ventura et al., 2013).

It is not immediately obvious why the difference between digit ratios of left and right hands should predict
anything. Nonetheless, the effect we report was statistically highly significant. Conceivably the relative length of
the index and ring fingers is related to manual “deftness” or dexterity; the larger the 2D:4D ratio, the more deft or
dextrous the hand, the more deft or dextrous hand being the one that is preferred. If so, an increasing 2D:4D ratio of
one hand relative to that of the other would be associated with an increasing preference for the hand with the larger
ratio. One might note in this connection that generally the 2D:4D ratio is larger in females than in males, and that
females tend to be better than males at tasks involving fine motor skills, although this may be an artefact of finger
diameter (Peters & Campagnaro, 1996).

One conclusion derived from the review of the literature is that much of the past research does not yet fit under a
comprehensive theoretical umbrella. Future work will benefit from expansion, elaboration, and clarification of
theoretical models and clarification of issues important for subtyping.
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