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Abstract

Objective: The literature on the genetics of stuttering is re-
viewed with special reference to the historical development
from psychosocial explanations leading up to current bio-
logical research of gene identification. Summary: A gradual
progression has been made from the early crude methods of
counting percentages of stuttering probands who have rela-
tives who stutter to recent studies using entire genomes of
DNA collected from each participant. Despite the shortcom-
ings of some early studies, investigators have accumulated a
substantial body of data showing a large presence of familial
stuttering. This encouraged more refined research in the
form of twin studies. Concordance rates among twins were
sufficiently high to lend additional support to the genetic
perspective of stuttering. More sophisticated aggregation
studies and segregation analyses followed, producing data
that matched recognized genetic models, providing the fi-
nal ‘go ahead’ to proceed from the behavior/statistical ge-
netics into the sphere of biological genetics. Recent linkage
and association studies have begun to reveal contributing
genes to the disorder. Conclusion: No definitive findings

have been made regarding which transmission model, chro-
mosomes, genes, or sex factors are involved in the expres-
sion of stuttering in the population at large. Future research
and clinical implications are discussed.

Copyright © 2011 S. Karger AG, Basel

Historical Perspectives

Similarities in traits between children and their par-
ents, as well as further removed ancestors, struck people
thousands of years ago, inviting speculations as to the
nature of inheritance. In ancient Greece, Aristotle offered
that inheritance is transmitted through the father’s se-
men and the mother’s menstrual blood that are mixed in
the womb. The mother provides unformed matter that
the semen then forms into an individual of some deter-
mined kind [1]. Genetics, the scientific study of genes,
what they are and how they control heredity characteris-
tics in living organisms, however, began much later with
the groundbreaking work of Gregor Mendel [2] on pea
breeding experiments that took place in the middle of the
19th century. Stuttering, too, has been recognized for
thousands of years and subjected to the opinions of the
ancient Greeks. Aristotle [3], for example, opined that
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stuttering is due to difficulties in tongue movement from
the position of one sound to the next, as well as to ner-
vousness, whereas Hippocrates [4] thought it resulted
from dryness of the tongue. Although one may reason-
ably assume that familial stuttering was observed even in
the far past, it appears that those ancients failed to con-
nect stuttering with inheritance.

The numerous ideas expressed since then about the
possible cause of stuttering present an extremely wide
range of general orientations and viewpoints. These in-
clude faulty anatomical structures (e.g., abnormally large
tongue, unusual brain morphology), faulty physiology
(e.g., breathing patterns, lack of cerebral dominance),
psychopathology (i.e., neuroticism), faulty central lan-
guage formulation and planning of sequential speech
movement, and acquired (learned) abnormal speech pat-
terns (e.g., listeners punished or reinforced normal speech
disfluencies). Reviews of these and other theoretical no-
tions about stuttering can be found in Bloodstein and
Bernstein-Ratner [5].

One can comfortably assume that awareness of the fa-
milial trend of stuttering has been around for a long time.
It is more than likely that many people who stutter could
not avoid noticing that some, or many, of their relatives
also stuttered. Likewise, normally fluent people were
probably aware that several family members of their next-
door neighbors stutter. Certainly scholars of stuttering
must have been aware of familial patterning in stuttering,
especially when relevant accounts began appearing in the
scientific literature. It is surprising, therefore, that except
for one, all of the above-cited theoretical notions did not
include alink to the familial trait of the disorder. The one
that did address the phenomenon, Johnson’s [6, 7] diag-
nosogenic theory, took pains to interpret it as just anoth-
er example of psychosocial phenomena (e.g., religion or
political preference) that family members tend to share
and pass down through generations, and which, at least
on the surface, are not considered to be genetically inher-
ited. Specifically, it was suggested that a history of stut-
tering in the family generates strong emotions that drive
parents of young children to both act and react in ways
that interfere with the child’s normal speech. This, John-
son [6, 7] suggested, eventually led to stuttering. His view
had worldwide acceptance that persisted for more than 30
years. Nevertheless, the decades between the 1930s and
the end of the 20th century saw gradual, yet significant,
advancements in the scientific pursuit of the genetics of
stuttering.

Our objective here is to outline the journey from point
A to the current state of the art by briefly describing and
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summarizing the systematic, logical order of four phases
of scientific progress in the genetics of stuttering. More
detailed critical reviews of methodologies, especially of
the first three phases, can be found in Andrews et al. [8],
Felsenfeldt [9], Yairi et al. [10], and Yairi and Ambrose
[11].

Phase I: Familial Incidence

Laypersons’ and clinicians’ observations of the famil-
ial trend of stuttering were put to more rigorous examina-
tions in the 1930s. In one of the earliest controlled studies
of this phenomenon, Bryngelson and Rutherford [12] ex-
amined the disorder’s incidence in the families of 74 pro-
bands' who stuttered, aged 4-16 years, comparing it with
that of an identical number of matched normally fluent
children. They found that 46% of those who stuttered had
a family history of stuttering, compared with 18% of the
control sample. Nearly 60 years and 28 studies later, a re-
view of the literature led Yairi et al. [10] to the conclusion
that this general finding held firm. Although the full
range of stuttering probands having a familial history of
stuttering was between 20 and 74%, the majority of re-
ported findings fell in a narrower range of 30-60%. In
comparison, in families of normally fluent controls, the
overall incidence of stuttering ranged from 1.3 to 42%
with most of the studies reporting incidence lower than
10%. Shortly after, in a much larger study, Wepman [13]
reported that 68.8% of 250 stuttering probands had ad-
ditional familial stuttering versus only 15.6% in matched
control families. His thoughts at the time concerning the
clinical implications of the finding are of interest in dis-
playing a genetic perspective: ‘It may be that stammering
inherited duplex, from both sides of the parental line, is
permanent and cannot be successfully treated, or that
stammering inherited simplex, from one parental branch,
is amenable to treatment... It is true, however, that if
stammering be inherited, treatment can effect [sic] only
the present manifestation of the disorder and cannot ef-
fect [sic] the cause’ [13, p. 203]. A summary of the findings
of the 28 studies mentioned above [10] is seen in figure 1.

That familial stuttering can be extensive is seen in the
Ambrose et al. [14] sample of 69 preschool children who
stuttered, 45% of whom had afflicted relatives in the im-

! In genetic studies that investigate multiple family members, the term

proband is used to denote an individual affected with the disorder of inter-
est by which the rest of the family is referenced and identified.
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Fig. 1. Summary of studies of familial incidence of stuttering.

mediate family (parents and siblings), increasing to 71%
when members of the extended family (parents, siblings,
grandparents) were included. The latter findings are par-
ticularly illustrative of the phenomenon because data
were carefully obtained soon after the onset of stuttering
(ages 2—4 years), when many of the relatives were still
alive and/or evidence of past stuttering was more readily
available, verifiable, and updated through follow-up in-
terviews over several years. In 2005, Yairi and Ambrose
[11] reported a positive family history of stuttering for
69% of 123 families, a figure that strongly supports the
upper end of previous estimates.

Information regarding percentages of people who
stutter having relatives who also stutter as compared to
percentages among normally fluent control subjects,
however, is far from constituting scientific evidence for
the genetics of stuttering. In addition to classic problems
with differences in the definition of stuttering (or not
providing informants with a definition), lack of personal
interviews for verification, false-positive, and especially
false-negative identification of individuals who either
currently stutter or those who had recovered [10], vari-
ables such as family size and the distinct familial class
(e.g., fathers, mothers, brothers, and sisters) of the afflict-
ed relatives are of great importance. Obviously, it makes
a substantial difference when a proband reporting famil-
ial stuttering has 1 stuttering relative in a family of only
4 members as compared to 1 relative who stutters in a
family of 16. Similarly, it matters if a proband has a father
who stutters or whether he/she has a distant relative who
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stutters (e.g., a second cousin, great aunt, etc.). Further-
more, if stuttering is familial, small families have reduced
chances for full expression of the disorder. Compare, for
example, a constellation where the father of a proband
stutters and has only 1 brother with no children to a pro-
band whose stuttering father has 3 brothers, each of
whom has 3 children [15].

Unfortunately, such data were not obtained, or not
considered, in many past studies. In spite of limitations,
this line of research served to redirect the then-prevailing
belief about the heritability of stuttering, that regarded it
as a psychosocially transmitted disorder. This redirection
motivated scholars to proceed by employing more appro-
priate methodologies to pursue indications for the genet-
ic basis of stuttering. Chronologically, such further pur-
suit initially followed the path of twin studies.

Phase lI: Twin Studies

Twin studies seek to derive heritability estimates, that
is, separate the respective roles of genetics and environ-
ment in determining or influencing a certain trait, in our
case, stuttering. This objective is accomplished by com-
paring the presence and characteristics of stuttering in
groups of identical (paternal, monozygotic) twin pairs
who share nearly 100% of their deoxyribonucleic acid
(DNA), with groups of nonidentical (fraternal, dizygotic)
pairs who share only 50% of their DNA, just like other
nontwin siblings. Genetic bases of stuttering would re-
ceive considerable support if both members of an identi-
cal pair stutter because they share the same genetic make-
up. This is especially true if, at the same time, concor-
dance for stuttering in nonidentical twin pairs appears to
be much lower. Differences between identical twins in the
expression of stuttering (or another disorder), however,
are assumed to be due to environmental effects. In the
case of nonidentical twins, similarities between the pair
members are taken as a reflection of their common envi-
ronmental influences. Note, however, that there is evi-
dence that twins appear to be more susceptible to a vari-
ety of disorders, such as anorexia nervosa [16] and autism
[17] when compared to singletons. Therefore, some cases
of stuttering among twins may be yet another manifesta-
tion of this general difference between twinning and sin-
gletons, thus perhaps somewhat blurring the effect of ge-
netics.

Two studies represent the early work in this area. In
1937, Berry [18] reported a survey of 1,000 families in
which greater incidence of twinning was found in fami-
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lies that included people who stutter than in families free
from stuttering. Moreover, in the twinning families, stut-
tering occurred more frequently in the twins than in sin-
gle sibling members, raising the logical query if the con-
verse to the above (which looked for twinning in families
with stuttering) is true: is stuttering incidence more fre-
quent in twinning families than in families without du-
plicate births? In a follow-up investigation, Berry [19] ex-
amined 250 twin pairs for the occurrence of stuttering.
The findings were positive. She concluded that the num-
ber of children who stuttered among the total number of
children in these families exceeded statistical expecta-
tions. Furthermore, 1 twin child in 11 stuttered, whereas
in single siblings only 1 in 35 stuttered. Her conclusion
and genetic-wise speculations from 75 years ago are of
interest: “The results of this study indicate that twinning
and stuttering also tend to go together... Is it possible that
the nervous dysfunction which obtains in stuttering is
part and parcel of the same factor in the germ plasm re-
sponsible for multiple birth? If the genetic complex is re-
sponsible for the retarded axiate growth at a critical mo-
ment in the embryo’slife, then it may be responsible at the
same time for the retardation in the neural patterns nec-
essary for integrated speech. To carry the argument fur-
ther back, the factor in the germ plasm producing twins
may be the gene establishing an abnormal biochemical
relationship, favorable to the retardation of a single axiate
production, unfavorable to normal speech’ [19, pp. 55—
56].

Berry [19], however, did not proceed to compare the
incidence of stuttering in monozygotic and dizygotic
twins. The first to examine the concordance for stutter-
ing in the two members of mono- and dizygotic twin
pairs were Nelson et al. [20] at the University of Illinois.
In a sample of 200 twin pairs, 40 pairs had atleast 1 mem-
ber who stuttered, 10 were identical with 9 affected co-
twins. In contrast, among the 30 dizygotic pairs with
stuttering, only 1 showed concordance.

For a while, twin research progressed slowly with in-
consistent findings. On the one hand, Graf [21] reported
stuttering in 18 of 552 twin pairs with only 3 concordant
pairs, 1 monozygotic and 2 dizygotic. On the other hand,
Godai et al. [22] identified many more concordant mono-
zygotic twins (83% of 22 pairs) than dizygotic twins (11%
of 41 pairs). An important milestone in this research path
took place a few years later with the publication of How-
ie’s [23] study. This investigator employed tighter proce-
dures in classifying twins as identical and her sample in-
cluded 30 same-sex twin pairs. Howie [23] found concor-
dance for stuttering in 63% of the monozygotic pairs as
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compared with only 19% concordance among dizygotic
pairs. There was also moderate resemblance in core stut-
tered speech characteristics (e.g., syllable repetitions)
within monozygotic pairs [24]. These findings provided
resounding support to the notion that genetics plays an
important role in stuttering. Still, as Felsenfeldt [9] noted,
the small sample size limited its usefulness for further
quantitative genetic analyses, such as estimates of herita-
bility.

Two subsequent investigations that utilized the Aus-
tralian twin registry of several thousand pairs found low-
er concordance percentages for stuttering than reported
in the past but supported the general trend of consider-
ably higher concordance in identical than in nonidentical
twin pairs. In the first one, Andrews et al. [8] studied 50
identical twin pairs of which 20% showed concordance
for stuttering whereas only 5.4% of 37 nonidentical pairs
had such concordance®. One weakness of the study was
that participants were identified through questionnaires
without verification. In spite of the small percentage of
concordance, an important finding was that the differ-
ence between the two types of twins indicated a strong
genetic effect for stuttering. A model fitting procedure
attributed 71% of the variance in liability to stuttering to
additive genetic variance, with the remaining 29% attrib-
uted to unique environmental factors. The second study,
conducted by Felsenfeld et al. [25], was based on direct
interviews with 38 identical and 53 nonidentical pairs.
The respective concordance for stuttering was 45 and
15%.

In 2005, Ooki [26] investigated 1,896 Japanese twin
pairs, reporting concordance for stuttering in monozy-
gotic and dizygotic pairs at 52 and 12%, respectively. The
study mirrored the findings of Andrews et al. [8] by esti-
mating the genetic contribution to stuttering at 80% for
males and 85% for females. At about the same time, the
Illinois study of the development of stuttering (n = 123)
reported only 5 sets of twins, 2 identical and 3 fraternal.
In all sets both children stuttered but severity and dura-
tion of the stuttering disorder varied [11]. Two years later,
Dworzynski et al. [27] used longitudinal data from the
Twins Early Development Study to identify 1,085 chil-
dren who stuttered. In the recovered group (n = 950), con-
cordance for stuttering among identical twins was 40%
compared with 20% among fraternal twins. In the persis-

2 Felsenfeldt [9] commented that the low number of twins also suggested

that the incidence of stuttering is probably not significantly higher than
thatin singletons as previously reported by Berry [19] and Nelson et al. [20].
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Table 1. Percent concordance in stuttering twins

Study Dizygotic Monozygotic Pairs
% % n

Godai et al. [22] 11 83 63
Howie [23] 19 63 30
Andrews et al. [8] 5.4 20 87
Felsenfeld et al. [25] 15 45 91
Ooki [26] 12 52 1,896
Dworzynski et al. [27] 12 32 1,100
van Beijsterveldt et al. [28] 31 57 10,500

van Beijsterveldt et al. [28] reported concordance for twins
with ‘probable stuttering’.

tent group (n = 150), concordance was 19 and 0%, respec-
tively. When recovered and persistent groups were com-
bined, concordance was 32% for monozygotic and 12%
for dizygotic twin pairs. Most recently, an investigation
of stuttering and high nonfluency was conducted using
10,500 five-year-old Dutch twin pairs [28]. This study
used parent questionnaires that did not use the term
‘stuttering’, but asked about frequency of repetitions, pro-
longations, and blocks observed in their children. Re-
sponses were categorized as ‘probable stuttering’ or ‘high
nonfluency’. Concordance for probable stuttering across
genders was 31% for dizygotic and 57% in monozygotic
pairs. These results in concert with the results from the
other twin studies support stronger phenotype inheri-
tance in identical twins. Table 1 summarizes data report-
ed in modern era twin studies.

When considering the evidence for a genetic etiology
of stuttering, one cannot overlook the fact that the twin
study approach did not reveal perfect concordance rates
for stuttering even in monozygotic twins. Whereas the
aforementioned data suggests that stuttering is not 100%
gene-based, the trends in concordance rates between fra-
ternal and identical twins favor strong genetic compo-
nents to stuttering while also allowing for the possible
presence of environmental factors still to be determined.
Overall, however, the additional information gathered
through twin studies strengthened the motivation to fur-
ther pursue the genetics of stuttering. As will be discussed
below, the next research phase focused on exploring the
mode of stuttering inheritance.
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Phase Ill: Family Aggregation

Substantial evidence continued to accrue for the ge-
netic transmission of stuttering during a third research
phase in which the familial aggregation method was em-
ployed. Historically, family aggregation research in stut-
tering began in the early 1960s, several decades after the
family incidence and twin studies appeared on the scene,
and for a while, all three overlapped in time. In contrast
to the two previous research lines, family aggregation
studies require the identification of stuttering in the var-
ious classes of family relatives, as well as according to
gender. This allows for assessment of the respective risk
for each class or category. Using detailed probands’ pedi-
grees (family trees), such studies typically cover first- and
second-degree relatives, including grandparents, uncles,
and cousins, with each individual marked as having ever
stuttered, never stuttered, or unknown. The most impor-
tant feature of these studies is that the statistics applied
(e.g., segregation analysis) allow for the evaluation of how
well the data fit with one or more of the following exist-
ing transmission models: (1) no genetic components, (2)
multifactorial polygenic (MFP, environmental factors +
many genes), (3) single major locus (SML, one or a few
main genes are involved, no environmental factor), and
(4) mixed (both MFP and SML components).

Positive statistical evidence that a major gene or sev-
eral major genes are involved in the transmission of the
disorder was necessary to justify the eventual next phase
of molecular (biological) genetic research, that is linkage
analysis [29].

To date, only three investigations of family aggrega-
tion have been carried out. The pioneer study conducted
by Kay [30] in Britain and published as part of the An-
drews and Harris’ [31] landmark book of the same year
included 213 probands and their families representing a
wide age-range from early childhood to adulthood. Kay
[30] reported three important findings. First, the inci-
dence of stuttering among first-degree relatives of pro-
bands was 13.65%, substantially above the expected 5%
for the general population [31, 32]. This finding, obtained
through the much improved methodology, confirmed
those of older reports reviewed earlier under phase I,
lending more credible backing to the proposition of ge-
netic factors underlying stuttering. Second, the probabil-
ity of risk for stuttering differed greatly among the vari-
ous classes of probands’ relatives as shown in table 2. The
strong trend for more male relatives to be at risk for stut-
tering reinforces the already familiar sex factor in stutter-
ing (higher incidence among males than among females).
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Kay [30] also found that the greatest risk for stuttering
was for male relatives of females who stutter, whereas the
lowest risk rested with female relatives of males who stut-
ter. Third, and most importantly, the data indicated that
the distributional pattern of familial stuttering had the
best fit with a disorder controlled by a primary gene with
contributions from other genes (the SML model). The
data, however, could also fit a model of purely polygenic
inheritance (the MFP model).

Being the first of its kind, Kay’s [30] work took the pur-
suit of the genetics of stuttering a substantial step forward.
The match with a genetic model provided a powerful sig-
nal that invited further aggressive genetic research. De-
spite this new promising information, only a very small
number of studies followed the lead and it took more than
adecade for the next major contribution to appear in print.
This time it was Kenneth Kidd and his colleague at Yale
University who proposed and tested genetic models, at-
tempting to map out and explain the transmission of stut-
tering as a family trait. The Yale Family Study of Stutter-
ing, another milestone in the field, had a large database of
600 first-degree relatives of mostly adult probands who ex-
hibited chronic stuttering. Several reports on the familial
incidence of stuttering [33-37] also looked at family type
(e.g., neither parents ever stuttered, or, only father ever
stuttered), probands’ children, relationship to stuttering
severity [38], natural recovery [39], and other aspects [see
summary in ref. 15]. Generally, the Yale team mirrored
several of Kay’s [30] findings by reporting (a) an overall
incidence among probands’ first-degree relatives substan-
tially above the expected (15 and 5%, respectively), (b) ap-
preciably higher risk for stuttering among male relatives
(fathers and brothers) than among female relatives (moth-
ers and sisters) for probands of both sexes, and (c) higher
risk for stuttering among all categories of relatives of fe-
male probands than relatives of male probands. With the
improved family aggregation methodology, these data
provided broad-based support to the view that familial
stuttering, as well as the large male-to-female ratio among
those affected, are genetically based. Kidd posited that the
male-to-female ratio can probably be explained by a lower
threshold for males, with females requiring more genetic
‘loading’ for stuttering to be expressed. The data were con-
sistent with vertical transmission (inheritance of an allele
or condition from either the father or mother) with sex-
modified expression. The sex-modified transmission of
stuttering was consistent with all three models: multifacto-
rial polygenic, single major locus, and mixed [33, 34, 40].

After another interval of more than a decade, a third
familial aggregation investigation conducted at the Uni-
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Table 2. Percentage of family class members who stuttered

Class Percent
Mothers 6.8
Fathers 19.1
Sisters 8.4
Brothers 20.3

Based on the families 0f 213 probands who stuttered, following
Kay [30].

versity of Illinois was published by Ambrose et al. [14]. A
key difference from the previous two aggregation studies
was the employment of an unbiased sample drawn from
families of 69 preschool children recruits soon after stut-
tering onset, before natural recovery took place. Most
probands in the earlier studies were considerably older
and, hence, represented mainly the small minority (25%
or less) of those initially diagnosed with stuttering who
had continued to stutter for many years (the other 75%
typically vanish due to natural recovery). Again, the
team’s findings pointed to genetic factors to stuttering.
Among other findings (a) more than two thirds of the
young probands reported positive family history of the
disorder, (b) the incidence of stuttering was considerably
higher among first- than second-degree relatives, (c) the
familial distribution of stuttering indicated that the gen-
der factor* in stuttering appeared to be related to familial
history of stuttering, and, most importantly, (d) the first
statistically significant evidence was presented that trans-
mission of a single major genetic locus best accounted for
the transmission of stuttering in families [14]. This find-
ing was particularly encouraging because it implied that
one or a few primary genes, rather than many genes,
might be isolated to account for stuttering. There was al-
so evidence for multifactorial/polygenic transmission of
susceptibility to stuttering.

The last advance in this phase extended the research
concerned with the possibility that stuttering is not a uni-
form disorder but covers various subtypes, a possibility

3 Anallele refers to a single version of a DNA sequence in a given location

when there are two or more known versions for that same position.

4 Initially, the authors found different, even reversed, patterns of stutter-
ing in the male and female classes of probands’ relatives than those report-
ed in the Kay [30] and Kidd [33-37] studies. In a later publication, however,
as their sample increased to 123 probands, the Illinois team [11] reported
patterns similar to Kay’s [30] and Kidd’s [33-37].
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raised sporadically for a long time but one that until re-
cently has received minimal research attention [see re-
views in ref. 41, 42]. An early reference to a genetic basis
for stuttering subtypes [13] entertained the idea that stut-
tering therapy outcome depends on whether a person in-
herits stuttering through the line of only one parent or
through the lines of both parents.

Of special interest are specific extensions within two
of the family aggregation studies that explored genetic
differences between people exhibiting persistent chronic
stuttering and those who recovered naturally, without
treatment. Cox and Kidd [39] asked whether recovery
could be a genetically milder subtype of stuttering, an
independent disorder, or even nongenetic. Although no
meaningful patterns were found, the authors admitted
that, inasmuch as all the families were identified through
adults with persistent stuttering, the sample was biased.
Approximately 15 years later, Ambrose et al. [45] report-
ed longitudinal data that traced children who recovered
naturally and those who developed persistent stuttering.
Three questions were posed: (1) Is there a sex effect in
recovery from stuttering? (2) Is persistence or natural re-
covery from stuttering heritable? (3) If recovery appears
to be heritable, are persistent and recovered stuttering
independent disorders or a unitary one where recovered
stuttering is a genetically milder form of persistent stut-
tering? Their answers to the first two questions were pos-
itive. As for the third one, they concluded that recovery
is not a milder form of stuttering, nor do the two types
of stuttering appear to be independent disorders. The
data, however, suggested that both forms of stuttering
share a common major gene, but persistent stuttering in-
volves additional polygenic components. Segregation
analyses supported these conclusions and provided sta-
tistical evidence for both a single major locus and poly-
genic component for persistent and recovered stuttering.
Viswanath et al. [46] performed a segregation analysis
where the Mendelian model was selected for best fit over
other genetic and nongenetic models. This model was
turther refined to suggest an autosomal dominant major
gene effect (meaning only one gene is needed from one
parent to inherit the condition) in stuttering transmis-
sion that is influenced by (a) gender and (b) stuttering
status of parents. Most recently in this phase, in a final
report, Yairi and Ambrose [11] affirmed their earlier
findings, reporting that whereas 88% of children who
persisted had positive familial history of stuttering, only
65% of children who recovered naturally had such his-
tory (n = 123).
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Phase IV: Biological Genetics

The gradually mounting and improving evidence in
support of strong genetic components to stuttering yield-
ed by the family incidence, twin, and family aggregation
investigations produced the justification needed to pro-
ceed with the fourth and most direct phase in the pursuit
of the genetics of stuttering, namely biological genetics.
Two main approaches have been employed to identify
gene-disorder or gene-trait relationships: linkage and as-
sociation. Both use genetic markers to analyze variations
within either families (by means of linkage) or entire
populations (by means of association).

Genetic markers are stretches of DNA that exhibit
variations among individuals and populations [47]. These
variations can be seen as the genetic sequences of nucleo-
tides in DNA. In general, these segments of DNA are des-
ignated as ‘markers’ because they have been previously
identified for their properties and known locations. They
serve as points of reference, a genetic road map. Markers
can be anything from entire chromosomes to genes,
to single inconsequential nucleotide substitutions. The
markers used in linkage and association studies, however,
are often identified by polymorphisms, that is, DNA at a
given site with more than one possible sequence. Typi-
cally, these markers have either two alleles (often simple
mutations) or multiple alleles. Most polymorphisms,
whether two-allele or multiallelic, have no consequence
to the organism, meaning they are not responsible for any
traits, but may be used in studies to localize the small
number of genetic variations that actually affect disease
to the correct region of the chromosome on which disease
alleles reside. Although the analysis of pedigrees in a seg-
regation analysis can provide information pertaining to
the genetic model underlying a disease or trait, diagnosis
and treatment depend on knowing which specific genes
have polymorphisms contributing to the disease.

Linkage analysis traces the inheritance pattern of
genes as they are passed from generation to generation.
The technique exploits the phenomenon of coinheri-
tance, that is, certain alleles that are physically close to-
gether on the same chromosome tend to be inherited to-
gether. Alleles close to a marker will be coinherited with
it. In other words, they are genetically linked as reflected
in the term linkage analysis. Hence, the objective of link-
age analysis is to identify a piece of DNA in a known
chromosomal location (near a marker) that is inherited
by all family members affected by the disorder being in-
vestigated (e.g., stuttering), but is not inherited by anyone
who is unaffected. Because linkage analysis uses markers
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to define relatively large segments of genetic material
likely to contain the sought-after polymorphism that
causes or contributes to disease, further analysis is often
required to identify the specific relevant gene polymor-
phism.

Linkage Analysis Research in Stuttering

To date, several studies have employed linkage analy-
sis to investigate families with several members who stut-
ter, targeting any chromosomal regions prevalent in af-
fected cases. This research activity was conducted by only
two teams, one at the United States National Institutes of
Health (NIH) and the other at the University of Illinois
and the University of Chicago®. The initial findings ob-
tained with this method were reported by the NIH team
[48]. Buccal swabs were collected from 226 members (188
affected) of 68 families with familial multiple incidence
of stuttering. All participants were recruited from the
general population of North America and Europe. Scan-
ning 392 markers across the genome, statistical support
at a low to moderate level for linkage tied to stuttering
was found on several regions of chromosome 18.

A second investigation [49] used linkage analysis to
study 46 highly inbred families from Pakistan, each in-
cluding several members who stuttered. Using similar
tissue material (buccal swabs), they genotyped 144 stut-
tering (affected) and 55 nonstuttering (unaffected) indi-
viduals. Evidence of linkage associated with stuttering
was found on chromosomes 1, 5, 7, and 12. Additional
analysis performed on chromosome 12 led this team to
suggest that an unspecified locus on the long arm of chro-
mosome 12 ‘may contain a gene with a large effect in this
sample’ [49, p. 647]. This finding, however, should be
viewed with caution because in a highly inbred sample it
is possible that such results reflect a common mutational
origin for stuttering specific to these families. The fami-
lies may have different genetic components underlying
stuttering than those present in genetically diverse popu-
lations.

The next step in linkage analysis research was taken
by investigators from the Illinois team [50]. They report-
ed on linkage mapping studies in 100 families of Euro-
pean descent ascertained in the US, Sweden, and Israel.
These families included 252 individuals exhibiting per-
sistent stuttering, 45 individuals classified as recovered
from stuttering and 19 individuals too young to classify.

> The NIH team was led by Dr. D. Drayna and the Illinois team by Drs.
N. Cox, N. Ambrose, and E. Yairi.
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Using blood samples, primary genotyping analyses
identified moderate evidence for linkage for the broader
diagnosis of ‘ever-stuttered’ (including both persistent
and recovered stuttering) on chromosome 9. The investi-
gators took the analysis a step further, looking separately
at several subgroups within their sample. An indication,
although somewhat weaker, for linkage for persistent
stuttering only was found on chromosome 15 whereas for
those who had a history of natural recovery linkage was
identified on chromosome 2. A separate analysis yielded
the strongest and the only genome-wide significant find-
ings whereby sex-specific linkage was identified on chro-
mosome 7 for males, and with even greater significance
on chromosome 21 for females. Hence, an additional con-
tribution of the study was its support for the sex effects as
genetic components to stuttering. Additional findings in-
dicated that stuttering may result from the contribution
of several chromosomal combinations, such as 9 and 2,
or 7 and 12, suggesting a genetic basis for stuttering sub-
types.

In 2007 [51], genotyping was performed on a founder
population (the Hutterites from South Dakota) that re-
ported 48 stuttering members in a 232-person family. Re-
sults of genome-wide linkage mapping in this family
yielded nominal evidence for linkage with stuttering on
chromosomes 3, 9, and 13. When the investigators con-
ducted a meta-analysis combining the 105 families from
their earlier study [50] with the Hutterite samples, addi-
tional regions supporting linkage were found on chromo-
somes 2 and 5. In linkage investigations very large seg-
ments of DNA, usually containing several genes, are im-
plicated when a statistically significant region is found on
a chromosome. Hence, it is difficult to say, with any cer-
tainty, what specific genes might be the actual candidate
for genetic association with a trait or disease without tak-
ing a closer look at smaller regions, segments, and/or
genes. A summary of linkage studies is presented in ta-
ble 3. Only limited overlap can be seen across studies (5
chromosomes are listed under more than one study). In
addition, it should be noted that the chromosomes impli-
cated in more than one study, and/or twice in the same
study, did not contain overlapping regions of linkage sig-
nificance, but two separate areas on the same chromo-
some.

Gene-Specific Investigations

As discussed above, linkage studies typically cover
several or many genes and large regions of DNA with the
objective of identifying chromosomal areas where candi-
date genes for a trait or disease may be located. Some-
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Table 3. Summary of linkage studies

Study Chromosome with Other chromosomes
most significant region with regions of interest
Shugart et al. [48] 18 1,2,10,13
Riaz et al. [49] 12 1,5,7,12
Suresh et al. [50] 9, 15, and conditionally 2 male specific on 7, female specific on 21
Wittke-Thompson et al. [51] 13 1,3,5,9,13,15

times, however, it is desired to perform a candidate gene
analysis that probes smaller specific locations, looking for
specific genes that are already suspected of involvement.
Clues as to where to look emerge from a priori assump-
tions of the trait of interest, or from sufficient existing
knowledge of the physiological or biochemical character-
istics of the disease to point to a gene’s (or genes’) poten-
tial involvement. Methodology for candidate gene analy-
sis typically includes the amplification® of chromosomal
regions of interest, identification of polymorphisms in
the genes or the sequencing of neighboring regions, ge-
notyping a control population, and, finally, analysis of
associations between alleles and the trait of interest. Two
investigations have been conducted in this category.
Research on the co-occurrence of stuttering and other
disorders has shown that between 4 and 26% of children
who stutter also exhibit attention deficit/hyperactivity
disorder (ADHD) [52-54]. Based on this information,
Lan et al. [55] investigated specific regions of DNA con-
taining known genes (SLC6A3 and DRD?2) associated
with ADHD. The SLC6A3 gene is involved in dopamine
transport and was identified in 2005 in a screening of
children diagnosed with ADHD [56]. DRD2 encodes the
receptor for dopamine (D2) in the brain. Studies have
shown that individuals who carry an alternative sequence
(haplotype) for this gene demonstrated poorer executive
functioning than control subjects [57]. Some suggested
that this gene may also underlie ADHD [58]. The Lan et
al. [55] study is the first to specifically investigate the role
of SLC6A3 and DRD2 in stuttering. They recruited 112
Mandarin-speaking Han Chinese who stuttered, and
matched them with normally speaking controls. A total
of five regions were amplified and replicated for extrac-
tion of genomic data. No statistically significant differ-
ences between groups for the SLC6A3 gene were found.

6 Amplificationisastep in genotyping that makes multiple identical cop-

ies of a DNA sequence so that it may be studied.
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There was, however, a significant variation within the
DRD2 gene. The investigators suggested that the finding
supports the notion of dopamine excess involved in stut-
tering introduced by Wu et al. [59] and Maguire et al. [60,
61]. The sample size, however, was small and investigators
acknowledged a need for a large scale case-control repli-
cation study.

The most recent development in the genetics of stut-
tering was also conducted by the NIH-based team. Kang
et al. [62] employed a linkage-based candidate gene anal-
ysis to reinvestigate regions on chromosome 12 reviewed
earlier [49]. One member from each of the same blood-
related and/or inbred Pakistani families (n = 46) was in-
cluded in the new analysis. These subjects, along with an
additional 77 unrelated affected Pakistani subjects and
270 affected North American and British subjects were
tested for mutations on chromosome 12, suspected as the
site of genes contributing to their persistent stuttering.

To target potential candidate genes, a strong candidate
region first had to be identified. Saliva samples from 7
participants in the 2005 study [49] that supported linkage
on chromosome 12, and samples from 3 newly recruited
control subjects were sequenced. The results were dis-
couraging as they failed to reveal any likely genes associ-
ated with persistent stuttering. Next, an additional two-
point linkage analysis was performed that included every
member of the PKST72 family. The investigators were able
to replicate significant linkage signals but at more proxi-
mal locations on the q-arm of chromosome 12 than orig-
inally identified. DNA sequencing and analysis of this
large region (covering the span of 87 known genes) in 7
related Pakistani subjects who stutter and 3 unrelated
controls did not reveal any significant mutations associ-
ated with stuttering. There were, however, numerous
polymorphisms identified in this region that were spe-
cific to the affected members of the Pakistani families
tested. These variants were unfortunately found at high
frequencies among the nonstuttering, unrelated Pakistani
population and were thus disregarded for candidacy.
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Once again, the investigators took a closer look at fam-
ily PKST72. In this round, a mutation in the GNPTAB
gene was identified in most of the stuttering individuals
of PKST72 with only 3 affected family members not hav-
ing the apparent risk allele. GNPTAB is responsible met-
abolically for encoding alpha and beta subunits of GNPT
(N-acetylglucosamine-1-phosphate transferase). Kang et
al. [62] were able to identify the same mutation in this
gene in 5 other affected individuals from the Pakistani
population, and in 1 North American person of Asian-
Indian ancestry. Additionally, three mutations of another
gene, NAGPA on chromosome 12, were observed in 6 af-
fected North American-British subjects but not in any
member of the Pakistani population. These genes encode
signaling enzymes that direct lysosomal metabolism in
the brain and body.

Because these findings have received worldwide pub-
licity as the first genes identified to underlie stuttering,
they obviously invite close scrutiny. Indeed, two respons-
es to Kang et al. [62] have been published. Fisher [63, p.
751] expressed reservations concerning the study’s con-
clusion, stating that “The GNPTAB, GNPTG and NAGPA
variants were found in only a small proportion of cases,
together accounting for 21 of 393 cases in unrelated af-
fected subjects’. Furthermore, the absence of typical
symptoms related to skeletal, respiratory, and cardiovas-
cular abnormalities associated with the gene led Fisher
[63] to question its compatibility with what is known
about stuttering, stating that ...the nature of the impli-
cated biologic pathway - an unlikely culprit to explain
stuttering’ (p. 751). Biichel and Watkins [64] also ques-
tioned the suitability of the gene to explain stuttering in
light of advances in the knowledge about the disorder,
pointing out that Kang et al. [62] did not relate the gene
they isolated to neuroimaging studies that revealed ab-
normalities in the white matter of people who stutter.

In our own evaluation, the Kang et al. [62] study offers
little information that can be generalized to the popula-
tion at large of people who stutter. It appears to us that its
findings, although encouraging, should be viewed with
reservations for the following reasons:

(1) Chromosome 12 was not identified as a potential
site for genes associated with stuttering in any other link-
age study concerned with stuttering [48, 50, 51].

(2) There were no indications for genes located on
chromosome 12 in a recent genome-wide association
study (GWAS) just completed at the University of Illinois
and the University of Chicago [65] (see next).

(3) The findings relied heavily on one ‘large’ Pakistani
family (PKST72, n = 101) known to be highly inbred.

Genetics of Stuttering

Within this family, 3 members stuttered who were not
carriers of the GNPTAB mutation.

(4) The GNPTAB risk allele was found in only 6 addi-
tional people who stutter out of 316 unrelated affected
subjects who were not members of the PKST72 family.
This frequency amounts to only 4% of this subsample,
raising questions about applicability of the findings to the
population at large of people who stutter.

(5) The three mutations of the NAGPA gene were iden-
tified in only 7 cases out of the possible 393 of the affect-
ed cases, that is, only 1%.

Overall, these figures are too small to positively asso-
ciate the genes with stuttering. Major limitations of link-
age studies exist as a result of the relatively low statistical
power for samples of complex disorders. The power is
strongly influenced by multiple genes and the often hun-
dreds of chromosomal regions shared among family
members not related to the disorder of interest. It can be
difficult to narrow the linkage signal in these samples
sufficiently to identify a causative gene [66]. In addition,
the role of the lysosomal targeting pathway is only specu-
lative and has not been proven to cause stuttering.

Until successful biological studies are conducted that
conclusively tie lysosomal function to speech fluency, the
co-occurrence of these variants with stuttering in a very
small proportion of the subjects studied cannot be con-
strued as causation.

Association Studies

Genetic association studies are based on the assump-
tion that heritable risk for a trait or disease is mostly at-
tributable to a relatively small number of genetic variants
(67, 68]. They are designed to identify such variants (par-
ticular alleles) that are found more frequently in affected
individuals than in unaffected individuals. Such alleles
either directly affect risk of disease or are in linkage dis-
equilibrium’. This systematic analysis of genetic varia-
tions is expected to lead to the localization of causal genes
[67] without the need for prior hypothesis regarding ge-
netic associations with the disorder of interest [68]. One
association strength is that it screens ‘without any prior
predilection for specific regions, genes, or variants there-
of” [69, p. 161]. In fact, this type of study has been referred
to as a ‘hypothesis-free” approach [66, 67], making it ide-
al for this complex disorder.

7 Linkage disequilibrium refers to alleles that are found more frequently

than expected by random chance combinations and are located very close
to alleles that directly affect risk of disease.
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In general, association studies are more powerful than
linkage studies for the identification of genes contribut-
ing to the risk for complex diseases [70]. A GWAS is an
approach that involves scanning markers across complete
sets of DNA, or genomes, of many unrelated people to
find genetic variations associated with a particular dis-
ease. A GWAS allows for very large numbers (nearly 1
million) of polymorphisms across the entire human ge-
nome to be analyzed for variants [71, 72]. The method has
recently been used with success to investigate disorders
such as autism, Tourette syndrome, and specific language
impairment.

Inasmuch as no definite conclusion has been reached
on which transmission model, chromosomes, genes, al-
leles, or sex factors are involved in the expression of stut-
tering, GWAS appears to be the method of choice for fu-
ture research. In fact, scientists at the University of Illi-
nois, in conjunction with the University of Chicago, have
recently completed the first study that employed this
method aimed at identifying replicable candidate genes
that influence the risk of individuals for persistent stut-
tering [65]. To maximize the chance of success, subjects
with clearly defined persistent phenotypes were chosen
as affected cases. Candidate genes were selected via iden-
tification of regions demonstrating allele frequency dif-
ferences between the experimental and control groups.
The initial results indicate 10 significant candidate genes
to be associated with persistent developmental stuttering.
In addition, functional significance was found with rel-
evance of these genes to three categories pertaining to (a)
neural development, (b) neural function, and (c) behav-
ior. Currently, these data are undergoing additional anal-
yses.

Discussion

Future Directions

The future of genetic research in stuttering faces sev-
eral challenges. Perhaps the most critical is that of repli-
cation. Other complex disorders have begun to hurdle
this obstacle with significant success. A good lesson can
be learned from the wide publicity given to early linkage
studies of schizophrenia and bipolar disorder for results
that were later unable to be replicated. Statistically speak-
ing, a very large number of participants (i.e., matched
case-controls, sibling pairs, families) are required to de-
tect linkage to a gene that may only have a fractional af-
fect on observable behavior or the phenotypic trait being
studied. Such requirements pose difficulties for any one
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investigator to independently recruit a sufficient number
of subjects. Indeed, researchers in other scientific disci-
plines have heeded this reality and have initiated collab-
orative genetic consortium projects. Investigators must
soon realize that the larger good of the cause must out-
weigh any difficulties in collaborative sharing. It will un-
doubtedly be a challenge to share resources and data, but
the benefits could be the crucial step needed to defini-
tively identify the genes responsible for stuttering. As re-
views by Felsenfeldt [9] and Yairi et al. [10] point out, is-
sues concerning the lack of consistent phenotype defini-
tions and diagnostic protocols have confounded early
genetic work. Collaborative data sharing would result in
multiple research sites using identical diagnostic proce-
dures and measurements, matching definitions of pheno-
types, and a shared contribution to a collective bank of
samples in an effort to achieve enough statistical power
to make some conclusive discoveries. The data obtained
from multiple institutions, all performing different stud-
ies, and comprised of diverse samples of case-controls,
families, and sibling pairs, should not be competitive, but
complementary. Currently, administrators of the United
States’ NIH are in the process of defining rules for large-
scale collaborative sharing. From the Institutes’ perspec-
tive, inasmuch as considerable funds granted for re-
searching complex diseases are specifically allocated to
the procurement and diagnosis of subjects, maximizing
the funding’s yield is a priority.

Finally, as Ambrose et al. [45] cautioned, we should
recognize that in spite of our tremendous progress in un-
covering the genetics of stuttering, the nature and role of
environmental factors should remain as an important
subject for future research because these factors may be
more readily modified to assist recovery, reduce symp-
toms, and aid in adjustment. As they stated: ‘Just as in
heart disease, some individuals are genetically at high
risk, but environmental modifications involving diet and
exercise can be of great benefit’ [45, p 578]. We know that
DNA is both inherited and environmentally responsive.
The function of genes in the body reflects the interaction
between hereditary and environmental information.
When trying to associate phenotypic traits with actual
genes, it can become very difficult to parse out concrete
evidence for causation when several genes acting inde-
pendently of each other can all potentially contribute to
the same phenotypic behaviors and traits. Biophysiologi-
cal studies will help to identify environmental factors and
gene function. Such studies are often considered as phase
IT of the research plan after replicable genes have been
identified.
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Clinical Considerations

Genetic research has obvious potential for clinical ap-
plications. It provides an alternative to the top-down ap-
proach not infrequently taken to diagnose and treat stut-
tering. Historically, philosophers, scientists, and clini-
cians have used the behaviors and traits of stuttering to
guide the search for biophysical mechanisms by which to
logically explain the disorder, without the eventual iden-
tification of organic components contributing to the root
cause. Although commendable progress has been made
in various aspects of stuttering research, the current ab-
sence of a definitive etiology has slowed advancements in
the clinical sphere of the disorder, without a major break-
through in treatment for a long time. Genetic research
lends a bottom-up approach, with ample promises for in-
novative clinical management, including diagnosis, prog-
nosis, and treatment. By identifying the genes associated
with stuttering, it would be possible to map out their bio-
physiological contributions to normal and disrupted flu-
ency, thus facilitating a much better understanding of the
disorder. In addition, Yairi et al. [10, p. 782] suggest that
genetic findings “...will have far reaching impact on early
intervention and subsequent decision concerning cost ef-
fective treatment for stuttering children... treatment will
become increasingly more targeted for those who need it
most’. Furthermore, the emotional burden that plagues
many parents of children who stutter, having misconcep-
tions about their behavior being the cause of the disorder
as suggested by the diagnosogenic [7] and psychogenic
[73] theories, can be diminished with increased knowl-
edge of the major genetic contributions involved. Again
according to Yairi et al. [10, p. 782], “...if we ultimately
find an underlying genetic component to susceptibility to
chronic stuttering, then persistent stuttering will not nec-
essarily be a reflection of a failure of treatment, will, or
ability, but an expression of a genetic predisposition. The
discovery that stuttering severity is less determined by
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valuable to the clinical and scholastic future of stuttering.
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