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Genetics of Spoken Language Disorders

KARIN STROMSWOLD'

Abstract  If language is the result of specialized structures in the brain
and if these language-specific structures are genetically encoded, one
would expect to find evidence of the heritability of language. In this
article I review the results of family aggregation, pedigree, sex ratio,
commingling, and segregation studies of spoken language disorders. The
results of these studies provide evidence that, although spoken language
disorders are genetically and behaviorally heterogeneous, genetic factors

B&v_&::cms._:m_a_oi many cases of developmental spoken lan- -
guage disorders. ,

One of the fundamental questions about language acquisition is the extent to
which the ability to learn language is the result of innate genetically encoded
structures that are specific to language. A number of findings are consistent
with there being a heritable component to language (e.g., findings about the
universal properties of human language, normal children’s rapid and auto-
matic acquisition of language, the existence of a sensitive period for language
acquisition, acquired and developmental disorders that specifically impair or
spare language). In addition to such indirect evidence, if language is the result
of genetically encoded language-specific structures, genetic studies should
reveal evidence for the heritability of language. Here, I review family aggre-
gation, sex ratio, and pedigree studies of language, emphasizing how results
of these studies can be used to determine the extent to which language dis-
orders are the result of genetic and environmental factors,

In the summer of 1994 I performed Boolean searches on the comput-
erized bibliographic databases PsychLIT, BRIC, and Medline to cull any paper
written in English that contained the letter strings language, linguistic, articul,
or speech and the letter strings hereditary, genetic, Jamil, twin, adoption,
chromosom, linkage, pedigree, sex ratio, segregation, aggregation, DNA, bt
RNA in its journal title, article title, key words, or abstract. Because of space
limitations, twin studies and adoption studies are reviewed elsewhere (Strom-

.g, &gigﬁ?gﬁ_zﬁguignﬁg University,
New Brunswick, NJ 08903, )
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swold 1996, 1997a). Papers on stuttering were not reviewed [see Ambrose et
al. (1993)], nor were studies that investigated progressive or acquired lan-
guage disorders or studies that investigated language impairments secondary
to hearing impairment, motor dysfunction, neurological disorders, psychiatric
disorders, or mental retardation. The reference sections of all papers deemed
appropriate for inclusion were searched for additional studies not included in
the computerized bibliographic databases. A few papers that were written
after the computerized search were included if they met the criteria for

inclusion.

Family Aggregation Studies

For many years researchers have reported that the incidence of devel-
opmental language disorders is higher in some families than in others and
that such disorders often seem to run in certain families. According to Luch-
singer (1970), examples of hereditary speech defects have been reported since
ancient times, and by the 1880s researchers had begun to distinguish between
hereditary forms of stuttering and dyslalia. If developmental language dis-
orders are heritable, then the incidence of language disorders should be greater
among relatives of children with language impairment (probands) than among
relatives of children without language impairments (control subjects); more
probands than control subjects should have a positive family history for lan-
guage impairments (i.e., more probands should have at least one language-
impaired relative) and a higher percentage of probands’ relatives than control
subjects’ relatives should have a history of language impairment.

Included Studies. Eighteen studies of familial aggregation of develop-
mental spoken language disorders met the inclusion criteria and contained

descriptions of probands, control subjects, and family members that were

complete enough to allow comparisons among the studies (Beitchman et al.
1992; Bishop and Edmundson 1986; Byrne et al. 1974; Haynes and Naidoo
1991; Ingram 1959; Lahey and Edwards 1995; Lewis 1992; Lewis et al. 1989;
Luchsinger 1970; Neils and Aram 1986; Rice et al. 1998; Tallal et al. 1989a;
Tomblin 1989, 1996a; Tomblin and Buckwalter 1994; Tomblin et al. 1991;
van der Lely and Stollwerck 1996; Whitehurst et al. 1991).

Proband Diagnosis. In part because the studies were conducted at differ-

ent times (between 1959 and 1996), the diagnoses of language impairment
given to the probands varied considerably (see Table 1). Despite the differ-
ences in diagnoses, descriptions of the probands suggest that most if not all
would meet current diagnostic criteria for specific developmental language
disorders [e.g., Stark and Tallal (1981) and American Psychiatric Association
(1994)], although the probands do not appear to suffer from the same type of
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disorder. Some of the studies include children with a wide

and language disorders (Ingram 1959; Neils and Aram G.w.ﬂ-“wmmm_mwwo““”
m._.:.::%o: 1986; Lahey and Edwards 1995), whereas other studies include
children who suffer only from grammatical disorders (Rice et al. 1998; van

der p.h_w and Stollwerck 1996) or phonological disorders (Lewis et al. ~.omo.

Lewis 1992). [See Stromswold (1997b) for a review of classification &aa:_m.

for .._n<o_o.v~=o=8_ language disorders.] The methods used to locate probands

<n:o.a. with some studies recruiting volunteers specifically for the study
?&r.ascan et al. 1991), some drawing from clinical case loads or ﬁ.nmnnm_m

(Bishop and Edmundson 1986; Byrne et al. 1974; Haynes and Naidoo 199:

_=m3=._ 1959; Lahey and Edwards 1995; Lewis 1992; Lewis et al Gmw..

r:n__m_.:mo_. 1970; Neils and Aram 1986; Rice et al. 1998; Tallal et al ._cmww”

Tomblin 1989; Tomblin »._a Buckwalter 1994; van der Lely and m&:iﬂo_m.
_.ew@. and others screening a well-defined group of children, such as all

kindergarten students in a school district (Beitchman et al, 1992; Tomblin

1989, 1996a; .ﬂ.o-:_u:: et al. 1991). As shown in Table 1, o..:a_.o_w_ina di-

agnosed as having a developmental language disorder based on clinical his-

tory and/or performance on standardized tests. . -

to be affected, whereas other studies also included relative istor

of &a_oxmm. :m:::m:mmao learning disabilities, or E_M__.ﬁm—.ww_o %MM%:ﬂ“MW
Some studies investigated only whether first-degree family members in_.o.
affected, 1\_888 other studies included more distant family members. In
most studies presence of language disorders in family members was ao.ST
:.Eon by asking a parent. Two studies (Bishop and Edmundson 1986: Tom-
blin 1989) counted a ?.E_v. member as being _u__mcnmm impaired o_._v“ if the
family member _Sn. _.oao._s& speech or language therapy or still had a readily
apparent language impairment; one study (Lewis et al. 1989) tested siblings
of probands and control subjects, and one study (Tomblin and Buckwalter
1994) Sup,oa all nuclear family members and some extended family members
to determine whether they were language impaired, :

Results

Family History.  As shown in Table 2, all but 4 (Lewis 1992- i

1989; w.no et al. 1998; Whitehurst et al. 1991) of =A_n 18 m...w_mwm MMMMMMMMH
percentage of proband children with positive family histories of impairments
=._ most of these studies a child was considered to have a positive ?B:«.
m._m.oQ if at least one first-degree family member (i.e., parent or sibling) was
impaired. m._ some studies positive family history was defined as impairment
in any family member, and in other studies positive family history was defined



Table 1. Family Aggregation Studies of Spoken Language Disorders
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Other Family Diagnoses

Srudy Sample Size Proband Diagnosis Proband Ascertainment
Ingram (1959) 75 probands Developmental speeclV/ Clinic records None
language disorder
Luchsinger (1970) 127 probands Developmental speech Clinic records None
retardation
Byme et al. (1974) 18 severely impaired, 20 Delayed speech Clinic records None
: moderately impaired ’ .
Neils and Aram (1986) 74 probands, 36 controls Developmental language- Clinic and school referrals Dys!ext& .stunering.
disorder (tested) articulation
Bishop and Edmundson 34 probands, 131 controls Developmental language None (for strict criteria)
(1986) disorder ) )
Lewis et al. (1989) 20 probands, 20 controls Phonologic disorder Clinic referral (tested) Dyslexia, stutcring, LD
Talla! et al. (1989a) 62 probands, 50 controls SLI Clinician and school referrals ~ Dyslexia, LD, school
(tested) problems
Tomblin (1989) 51 proband, 136 controls Receiving speech or language  Clinician referral Stuttering, articulation
therapy
Haynes and Naidoo (1991) 156 probands SLI SLI schools (tested) None
Tomblin et al. (1991) 55 probands, 607 controls History (5) or bottom 10% on  Parental report of large cohort  None
(l;gguage use questionnaire of children
. )
Whitehurst et al. (1991) 62 probands, 55 controls ls:h:ted expressive language  Newpaper advertisements Speech, late talker. school
. clay . (tested) bl
B problems
eiichman etal. (1992) 136 mds' 138 controls spgc‘:;cllﬂguage, or voicing *  Kindergarten screening test Dyslexia, LD, articulation
: disorder or stuttering and standard tests :
Lewis (1992, probands e . 8
) 5 79 controls P ‘““{"°‘°S'$Mﬂ withor  Clinician referral and clinic  Dyslexia, LD, stuttering,
Tomblin and Buckwalter pmb. an uage disorder records (many tested) hearing loss
(1994) % ds su ’ C:lmc at)ld school referral None
Lahey and Edwards (1995) 53 probands SLI tested
Rice et al (1 . Clinican referral (tested) Leaming problems
(1998) 31 probands, 67 controls S:.:ﬁ(ne:ilended 0pm))na! Clinician referral (tested) Reading, spelling, learning
) , itive subtype
3:::]“1.(:199;‘:; Stollwerck :“proban conrols  SLI Screening and diagnostic tests :
T Lely tollwesc ds, 49 .
(1996) , controls SLI (grammatical subtype) SLI schools (tested) Reading or writing
SL1, specific language impairment.
LD, Leaming disability.
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Table 2. Results of Family Aggregation Studies of Spoken Language Disorders*

Frequency of Impairment

Study Positive Family History
Ingram (1959) 24% Parental history, 32% sibling NA
: NA
Luchsinger (1970) 36% Probandf
Bymeletg al. (1974) 17% “Severe” probands, 55% NA
\ , 8% I relatives®
Neils and Aram (1986) 46% first-degree probands, 8% first- 20% all proband vs. 3% all control rela
‘ ‘ degree controls®

Bishop and Edmundson (1986) 24% ﬁrst-(hgxee.pmbands 3% first- NA | ‘

al. (1989) NA Any: 12% all probands, 2% all controls,® 26% vs. 5% for first-degree
Lewis et

Tallal et al. (1989a)

77% first-degree probands, 46% first-

SLI: 9% all probands; 1% all controls® .
42% first-degree probands, 19% first-degree controls

TOMSWONLS / ZOE

. degree controls® : t-degree controls®
Tomblin (1989) 53% first-degree probands, controls: N/A g: ﬁrst-dcgree p;ot:a;u:; md * f:'ee
Haynes and Naidoo (1991) 34% all probands, 41% first-degree provandpare
d
Whitchurst et al. (1991) Na Speech: 12% probands vs. 8% controls for first-degree
, Late talker: 12% probands vs. 7% controls for first-degree
School: 7% probands vs. 5% controls for ﬁl’?t'dcgm Is had
. al. (1992) 47% all probands, 28% all controls®; 19% of probands had multiple affected relative, 9% of control
Beitchman et al. ( 34% vs. 11% first-degree® multiple affected relatives
Lewis (1992) NA LE 15% all probands, 2% all control relatives,® 32% vs. 5% for firsi-
degree relatives®
Dyslexia: 3% all probands, 1% all control relatives,® 6% vs. 3% for firsi-
degree relatives
L:ia::;% ail probands, 1% all control relatives.® 6% vs. 1% for first-degree
. ves'
mh::;a l:ﬁ::; 5()1994) g: g:zgree Overall, 21%; mother, 15%; father, 40%; sister, 6%; brother, 24%
Rice et ol (199% NA gree . Overall, 26%; mother, 26%; father, 22%: siblings, 29%
. Any: 18% all proband relatives, 9% controls,® 26% vs. 13% for first-
degree relatives® '
LE: 15% all proband relatives, 6% controls,® 22% vs. 7% for first-degree
relatives? .
) Other: 7% all proband relatives, 5% controls, 12% vs. 9% for first-degree
Tomblin (19963) 29% probands, 11% controls® relaives '
van der Lely and Stollwerck (1996) 78% first-degree probands, 29% first-  Overall: 392 probands, 9% controls®
v degree controls® Mothers: 33% probands, 2% controls®
Fathers: 38% probands, 8% controls®
Sisters: 40% probands, 8% controls®
Brothers: 44% probands, 19% controls
SLL Specific language impairment.
LL Speech or language impairment.
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as presence of impairment in either one first-degree relative or several ex-

tended relatives (Tomblin et al. 1991). If more than one measure of family
history was given, first-degree family history was used to determine mean
and median rates. When rates of positive family history were given for “any
impairment” and for specific types of impairments [e.g., dyslexia, specific
language impairment (SLI)], the rates for “any impairment” were used. If no
overall rates were given, the rates for spoken language impairment were used.
For Tomblin (1996a) I calculated the rate of positive family history of SLI
by combining the figures for probands with isolated SLI and probands with
both SLI and speech sound disorders.

For probands the reported incidence of positive family history ranged
from 24% (Bishop and Edmundson 1986) to 77% (Tallal et al. 1989a), with
a mean incidence of 45% and a median incidence of 39%. The incidence of
positive family history was significantly greater for probands than for control
subjects in all seven studies that collected data for both probands and control
subjects (Beitchman et al. 1992; Bishop and Edmundson 1986; Neils and
Aram 1986; Tallal et al. 1989a; Tomblin 1996a; Tomblin et al. 1991; van der
Lely and Stollwerck 1996). In these seven studies the reported incidence of
positive family history for probands ranged from 24% (Bishop and Edmund-
son 1986) to 78% (van der Lely and Stollwerck 1996), with a mean incidence
of 46% and a median incidence of 35%. For control subjects positive family
history rates ranged from 3% (Bishop and Edmundson 1986) to 46% (Tallal
et al. 1989a), with a mean incidence of 18% and a median incidence of 11%.

Percentage of Impaired Relatives. ~ As shown in Table 2, 11 studies re-
ported the percentage of probands’ relatives who were impaired (Haynes and
-Naidoo 1991; Lahey and Edwards 1995; Lewis 1992; Lewis et al. 1989; Neils
and Aram 1986; Rice et al. 1998; Tallal et al. 1989a; Tomblin 1989; Tomblin
and Buckwalter 1994; van der Lely and Stollwerck 1996; Whitehurst et al.
1991). If impairment rates were given for both first-degree and extended rela-
tives, rates for first-degree relatives were used. When rates were given for
“any impairment” and for specific types of impairments (e.g., dyslexia, SLI),
the rates for “any impairment” were used. If no overall rates were given, the
rates for spoken language impairment were used. For Lewis (1992) I calcu-
lated the rate of spoken language impairment by combining the figures given
for relatives who had.only spoken language impairments and for relatives
who had both written and spoken language impairments.

For probands the percentage of family members who were impaired
ranged from 20% (Neils and Aram 1986) to 42% (Tallal et al. _emw»v..s..._-
a mean impairment rate of 28% and median impairment rate of 26%. For
control subjects the percentage of family members who were impaired ranged
from 3% (Neils and Aram 1986) to 19% (Tallal et al. 1989a), iEg a mean
impairment rate of 9% and a median impairment rate of q*... The incidence
of impairment was significantly higher among proband relatives than among
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control relatives in seven of the eight studies that made such a comparison.
Whitehurst et al. (1991) found that first-degree proband relatives were more
likely to be impaired than first-degree control relatives on ail measures, but
none of the differences were significant. Whitehurst et al. (1991) also found
that for extended families control relatives were significantly more likely than
proband relatives to suffer from “any problem,” school problems, or late
talking but not speech problems. It is unclear what to make of the discrepancy
between first-degree and extended family members, but it should be noted
that this study was the only study to reveal such a finding.

Effect of Criteria on Rates of Impairment, Although all the studies revealed
that probands were more likely to have a positive family history of impair-
ments &nz control subjects and that probands’ relatives were more likely to
be impaired than control subjects’ relatives, the reported rates varied consid-
erably. Part of this variance is probably due to heterogeneity of the probands
included m... the studies. Although descriptions of the probands suggest that
they met ....o_:amo:s and exclusionary criteria for specific developmental
_n_.n:.mmo impairments (Stark and Tallal 1981), as indicated in Table 1, these
criteria are sufficiently broad that children with 55. different phenotypic
profiles were included in the reviewed studies, Given the degree of phenotypic
rosz..wnao_q among the probands, even if all the probands suffered from
genetic language disorders, the children were almost certainly genetically
heterogeneous. Genetic heterogeneity is likely to affect rates of family af-
fectedness because genetic factors may play a greater role in the expression
of some language disorders than in others,

a.;:.umoa among the studies in family member diagnoses had a pro-
found impact on the rates of family affectedness. As expected, studies that
Wwere more restrictive about what counted as evidence of language impairment
in m:..:_w members found lower rates of positive family history of language
Impairment and lower percentages of language-impaired relatives for both
probands and control subjects. For example, Tomblin (1989) found that 23%
of language-impaired children’s first-degree relatives had. received speech
therapy, whereas only 3% of first-degree relatives of nonimpaired control
children had received speech therapy. Using much less stringent criteria for
impairment, Tallal et al. (1989a) found that 42% of the first-degree relatives
of children with SLI had a history of speech or language disorder (excluding

_ isolated articulation disorders), dyslexia, learning disability, or poor school

performance e_sﬁsn.n.o repeat a grade or exhibiting below-average perfor-
mance in reading, writing, or math), whereas 19% of first-degree relatives of
well-matched control subjects had a similar history,

Unfortunately, Tallal et al. (1989a) did not provide the percentages of
proband and control relatives who specifically had a history of %onw% or
language n..oz.m:s. The extent to which Tallal et al.’s ( 1989a) figures are
inflated by the inclusion of relatives with nonlanpunee impniemvento o1
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estimated by comparing the affectedness rates for parents when liberal and
conservative criteria of affectedness are used. When liberal criteria of affect-
edness are used, 40% of proband parents and 20% of control parents were
affected, whereas only 25% of proband parents and 10% of control parents
had a history of language impairment. The percentage of proband parents
with a history of language impairment in the Tallal et al. (1989a) study is
similar to that found in other studies (Ingram 1959; Neils and Aram 1986;
Tomblin 1989; Lewis 1992; Lewis et al. 1993; Tomblin and Buckwalter 1994;
Haynes and Naido 1991; Beitchman et al. 1992), although the percentage of
control parents with a history of language impairment is higher in the Tallal
et al. (1989a) study than in other studies (Tomblin 1989; Lewis 1992).

The extent to which the rates of familial affectedness are increased when
the criteria for affectedness are made less stringent can also be seen by com-
paring the familial affectedness rates within a study. For example, in their
study of children with severe phonological disorders, Lewis et al. (1989)
found that only 9% of all proband relatives (both nuclear and extended) and
1% of all control relatives had a history of developmental speech or language
disorders, but when relatives with dyslexia, stuttering, or unspecified learning
disabilities were also considered affected, 12% of all proband relatives and
2% of all control relatives were affected. In a study of a different group of
children with phonological disorders Lewis (1992) found that 26% of pro-
bands’ first-degree relatives and 4% of control subjects’ first-degree relatives
had a history of developmental speech or language disorders. When relatives
with dyslexia or learning disabilities were also considered affected, the per-
centage of affected first-degree proband relatives rose to 33%. Rice et al.
(1998) found that 22% of probands’ first-degree relatives and 7% of control
subjects’ first-degree relatives had a history of speech or language disorders,
but when relatives with reading, spelling, or learning problems were also
considered affected, impairment rates rose to 26% and 13% for proband and
control relatives, respectively.

Nuclear versus Extended Families and Rates of Impairment.  As expected,
the number of probands and control subjects with a positive family history
was less when only first-degree relatives were considered than when all rela-
tives were considered. With the exception of the control children in White-
hurst et al.’s (1991) study, in all studies the percentage of affected proband
and control relatives was greater when only first-degree relatives were con-
sidered than when all relatives were considered. This probably refiects that
people are more aware of developmental language disorders in members of
their immediate family than in more distant relatives [see Lewis (1992)).

Effect of Method of Ascertainment and Rates of Impairment. Tomblin
(1989) argued that using parental reports to determine whether family mem-
bers are impaired may inflate the differences between probands and control
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subjects because parents of language-impaired children may be more aware
of relatives’ history of language impairment. Tomblin (1989) also argued that
parental reports about subjective measures (e.g., were relatives difficult to
understand as children?) are more likely to be biased than parental reports of
more objective measures (e.g., did relatives require speech therapy?). Despite
these concerns, in studies that counted the same conditions as evidence of a
history of language impairment, the familial affectedness rates were similar

regardless of whether the affectedness of relatives was determined by testing -

8_.2?.8 (Lewis et al. 1989; Tomblin and Buckwalter 1994) or by asking
objective or subjective questions about language status.

Discussion

Ascertainment Biases.

some language disorders have a genetic component, several alternatives must
be considered. One possibility is that the higher rate of _E.._m:mmo_ impairment
among proband relatives than among control relatives is the result of how
probands were selected. For example, parents with. _wamcuma-m.sua:& chil-
a.&: who have a strong family history of language impairment may be more
likely to volunteer for genetic studies of language impairment than parents
wn _s..i:»mn-::vuman children who do not have a family history of language
Impairment. Although this possibility cannot be eliminated, the fact that all
the .ﬁ:&am yielded similar results (even though the methods used to recruit
m_.__v._ooa varied) suggests that selection bias is not solely responsible for the
higher rate of impairment among proband relatives. A second possibility is
that parents of language-impaired children may be more likely to know of
and report language impairments in relatives than parents of children who do

not have language impairments. Again, this is unlikely to be the explanation

because rates of impairment reported by parents were similar to those found
through direct testing.

bns.&.m Linguistic Environment Hypothesis. A third possibility is that chil-
%o._. ‘with language-impaired parents or siblings are more likely to be lin-
mm._mcn.»__w impaired because they are exposed to deviant language [the ‘de-
viant linguistic environment hypothesis (DLEH)]. Some studies have reported
that mothers are more likely to use directive speech and less likely to use
responsive speech when talking to their language-impaired children than
mothers speaking to normal children [e.g., Conti-Ramsden and Friel-Patti
(1983)]. However, as numerous researchers have pointed out, children’s lan-
guage impairments may cause mothers to use simplified speech rather than
vice versa; mothers of language-impaired children may use directive speech
because they cannot understand their impaired children and their impaired
children cannot understand them if they use more complicated language. Fur-
thermore, within a fairly wide range linguistic environment appears to have

t

Although familial aggregation data suggest 52.
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little or no effect on language acquisition by normal children [e.g., Heath
(1983)).

The DLEH makes a number of specific predictions about the patterns of
impairments that are likely and unlikely to occur in families. If impoverished
linguistic environments cause language impairments to be concentrated in
certain families, then the most severely linguistically impaired children should
come from families with the highest incidence of language impairment. Con-
trary to this prediction, Byrne et al. (1974) found that children with profound
language impairments were less likely to have positive family histories of
language impairment than children with moderately language impairments.
[However, Byrne et al. (1974) also found that compared with moderately
impaired subjects, severely impaired subjects had more physical deformities,
suffered more pre- and perinatal complications, and had more illnesses in
early childhood. This is consistent with severe impairments more often being
the result of pre- or postnatal events or congenital impairments and moderate
language impairments more often being familial. In effect, these data suggest
that there are (at least) two sources of impairment.] Also contrary to the DLEH,
Lahey and Edwards (1995) found that impairment rates were greater among
relatives of children who had isolated expressive language impairments than
among relatives of children who had both receptive arid expressive language
impairments. Tallal et al. (1991) found no differences in the language abilities
of children who did and did not have a positive family history of language
disorders, although their study included only children who had both expres-
sive and receptive delays.

If exposure to deviant language causes children to become language
impaired, then language-impaired children should have the same type of im-
pairment as their relatives. Contrary to this prediction, Neils and Aram (1986)
found that 38% of parents who reported a history of a speech and language
disorder said that the disorder they had was different from their child’s dis-
order. In a longitudinal study of the speech and language status of children
of 24 probands with speech or language disorders and 28 control subjects,
Felsenfeld et al. (1995) found that children of probands performed signifi-
cantly worse on all tests of articulation and expressive language and were
significantly more likely to have received articulation treatment than children
of control subjects. They found no evidence, however, that probands’ children
made the same types of phonological errors as their parents.

Sometimes children outgrow their spoken language impairments and”

- exhibit no overt signs of spoken language impairment as adults. If the DLEH
is correct, then parents with a history of spoken language impairment who
are no longer impaired should be no more likely to have language-impaired
children than parents with no such history. Contrary to this prediction, Neils
and Aram (1986) found that a third of the probunds’ parents who had a history
of a spoken language disorder no longer suffered from the disorder as an
aduit. In a prospective study of early spoken language deficits in children who
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were later diagnosed as dyslexic, Scarborough (1990) found that on tests of
spoken language normal readers from dyslexic families did not perform like
their dyslexic siblings but rather performed like normal readers from normal
families. This suggests that the early language deficits of dyslexic children
do not stem from being reared in dyslexic families.

Contrary to Scarborough’s (1990) findings, Lewis et al. (1989) found
that in their study of children with severe phonological disorders siblings of
probands were more like their impaired siblings than they were like normal
control subjects on tests of speech and reading (but not language). One pos-
sible explanation for the differing results is that they are due to differences
in the proband populations (children with reading disorders versus children
with phonological disorders). A more likely explanation is that, whereas Scar- -
borough (1990) excluded any proband siblings who had written or spoken
language disorders, Lewis et al. ( 1989) did not exclude siblings who were
themselves impaired. Lewis et al. (1989) reported that 17% (5. of 30) of pro-
band siblings were receiving speech therapy at the time of the study, and it
is possible that the inclusion of § impaired siblings caused the performance
of proband siblings to be more like that of probands than that of normal
controls. : B
If the DLEH is correct, then one would expect that all children with SLI
would have at least one close relative with a language impairment. Contrary
to this prediction, in the reviewed studies an average of 54% of the language-
impaired children had no impaired first-degree relatives. If the DLEH is correct,
birth order might affect how likely a child is to exhibit a language disorder
(e.g., because later born children get proportionally less linguistic input from
parents). The birth order data are mixed. Tomblin et al. (1991) found that
birth order did not have an effect on the severity or likelihood of developing
language disorders, whereas Lahey and Edwards (1995) found that last-born
children were more likely to be language impaired than first-born or middle-
born children. In most societies mothers typically have the primary respon-
sibility for child rearing. Thus the pLEH predicts that the correlation of lan-
guage status should be greatest between mother and child. Contrary to this
prediction, Tomblin (1989) found that among the family relations he studied
(e.g., mother-child, father-child, male sibling—child, female sibling—child), the
relationship was weakest between mother and child. In addition, Rice et al. -
(1998) found that the ratio of impaired fathers to impaired mothers was 4.5:1;
Tomblin and Buckwalter (1994) found a ratio of 2.7: 1; Neils and Aram (1986)
found a ratio of 1.4:1, and Tallal et al. (1989a), Whitehurst et al. (1991), and
Lewis (1992) all found that the ratio was approximately 1:1.

Modes of Transmission

The most definitive method for investigating the genetic basis of fa-
milial language disorders is to determine which genes are responsible for the
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language disorders found in affected families [see Brzustowicz (1998) (this
issue)]. To date, no linkage analyses have been published for spoken language
disorders. Despite the lack of genetic studies, if behavioral studies _6<os._ that
the pattern of family members who are and are not impaired is consistent
with a particular model of genetic transmission, this supports the notion that
language disorders are genetically transmitted.

Single Major Locus Models.  For genetic disorders with a single major
locus the observed ratios of affected and unaffected relatives can be compared
with those expected for a particular Mendelian transmission pattern (auto-
somal dominant, autosomal recessive, X-linked recessive). If we assume that
expressivity and penetrance rates approach 100% and that the spontaneous
mutation rate approaches 0%, simple Mendelian genetics dictates that, if a
disorder is autosomal dominant and if an affected person mates with an un-
affected person, on average half of the offspring will be affected and these
affected offspring will in turn transmit the disorder to half of their offspring.
Unlike autosomal dominant disorders, which should not skip generations,
autosomal recessive disorders may (e.g., an impaired grandparent and grand-
children, but normal parents). If a disorder is autosomal recessive and two
(unaffected) carriers mate, then a quarter of their offspring will be affected
and three-quarters will be unaffected. Of the unaffected offspring, on average,
two-thirds will be carriers. If these carriers mate with noncarriers, none of
their offspring will be affected but half will be carriers. In the rare cases in
which a carrier mates with an affected individual, half of the resulting off-
spring will be affected. Of those offspring that are not affected, half will be
carriers. _

. With X-linked recessive traits, if a female who is unaffected but is a
carrier for a condition mates with an unaffected male, half of the sons will
have the condition and half of the daughters will be carriers for the condition.
If an unaffected male mates with a female who is not a carrier (and does not
have the trait), half of the daughters will be carriers and none of the sons will
be affected. If a female who exhibits an X-linked recessive trait mates with
an unaffected male, all of the sons will have the condition and all of the
daughters will be carriers for the condition. The only way an affected male
and an unaffected female can transmit an X-linked recessive disease is if the
female is a carrier. In such rare cases half of the male and female offspring
will be affected. :

Multifactorial Polygenic Models. Complex behavioral traits such as lan-
guage may result from several genes interacting in complex ways with each
other and the environment (multifactorial polygenic). Genetic models may
require additional parameters (e.g., rate of spontaneous mutation, E.ogc.__c‘
of ascertainment, penetrance and expressivity of a trait). For nmu:i._n. epi-
demiological studies indicate that even within families language impairments
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can be expressed in different ways, with some family members exhibiting
severe global deficits in spoken and written language and others exhibiting
only moderate deficits in written language. Incomplete penetrance is also
possible, and somie family members may have the genotype for speech or
language disorders but exhibit no observable sign of a spoken or written
language disorder.

The probable existence of genetic and behavioral heterogeneity for lan-
guage disorders means at least three distinct relationships could exist between
genotypes and behavioral phenotypes. It is possible (although unlikely) that
there is a one-to-one relationship between genotypes and phenotypes, with
each genotype causing a distinct type of language disorder. According to such
an account, for each behaviorally distinct language disorder there is a distinct
disorder at the genotype ievel. Alternatively, there might be a one-to-many .
mapping between genotypes and phenotypes, with a single genetic disorder
resulting in many behaviorally distinct types of language disorders. For ex-
ample, one child with a genetically encoded articulation disorder might re-
spond by refusing to talk at all, whereas another child with. the same genetic
disorder might speak and make many articulation errors. Last, there may be
4 many-to-one mapping between genotypes and phenotypes with many dis-
tinctive genetic disorders resulting in the same type of linguistic disorder. For
example, many researchers have noted that English-speaking children with
developmental language disorders frequently omit functional or grammatical
category morphemes, such as articles and determiners, auxiliary verbs, and
verbal and nominal inflections (Leonard 1998; Stromswold 1997b). Some of
these children may have a genetically encoded articulation disorder that
causes them to omit functional morphemes because they are typically pro-
nounced rapidly. Some may have a genetically encoded disorder affecting
processing of rapid auditory input that causes them to have difficulty acquir-
ing unstressed, short-duration functional morphemes. Others might omit func-
tional morphemes because they have a syntactic deficit and functional mor-
phemes convey grammatical information,

In addition, the genotype-phenotype relationship is not necessarily
static. Longitudinal studies reveal that even within an individual a develop-
mental language disorder can manifest itself in different ways at diffefent
ages (Aram et al. 1984; Silva et al. 1987). :

Family Aggregation. Results of family aggregation studies may provide
insight into the mode of transmission of language disorders. For example, if
the incidence of a disorder is low (say, 5%) and the disorder is autosomal
dominant, then most probands will have exactly one affected parent and, on
average, half the probands’ siblings will be impaired. [Assuming that im-
paired people are equally likely to mate with impaired people as unimpaired
people are, if the incidence of a disorder is 5%, then the probability of having
2 affected parents is 0.05 = 0.0025. But see Gilger (1991) for evidence of -
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sortative mating.] If the disorder is autosomal recessive, then most probands
”M: have two ?m_“moo.oe carriers for parents, and one-quarter of the pro-
’s siblings will be impaired. . .

band .m:_o z..m of 588?”% among probands’ parents in the family aggre-
gation studies reviewed here ranged from 19% to .:8.:,:8: rate = 31.6%,
median rate = 25.5%), with 9 of the 12 studies having n.nnom ..&. 19% and
28%. Lewis et al. (1993) reported that 7% of the probands in their study _S.m
two affected parents, Lahey and Edwards (1995) reported that 10% of their
probands had two affected parents, and Tallal et al. :oww& reported that _o.@s
of their probands had two affected parents. The fact that in most of the mEa_o.m
most of the probands did not have an affected parent suggests that z_n:.w is
considerable genetic heterogeneity (i.e., many cases mm mn_ﬁ._.»_ language im-
pairments do not involve autosomal dominant transmission), the rate of spon-
taneous mutation is high, or there is incomplete penetrance of language &m”
orders. For the reviewed studies the rate of affectedness among v_..og:%

siblings ranged from 15% to 49% (mean rate = wo..u&. median rate
=:28.5%). Thus for most of the reviewed studies the m_._u____m rates are more
consistent with spoken language disorders being mgn._os__x :.o_o..owo:oo:m
or autosomal recessive than with autosomal dominant 5.3..:_%_@: (although
the rates are compatible with autosomal dominant transmission with low pen-
etrance or expressivity).

Pedi Anal Pedigree analyses involve rejecting possible modes of
:mamma...ommmo_. cwmﬂo%. on which family members in a v&.mman are w.:omaa. and
the greater the number and types of genetic relationships that exist in a ped-
igree, the more likely it is that particular models can Qw..m._o::w be _.emo.&

- [see Pauls (1983)]. One problem with pedigree studies is that ._.x.“ techniques
used to test different modes of transmission are extremely sensitive to errors
in phenotypic characterization. Misclassifying even a small .==_=_§. of unaf-
fected family members as affected or vice versa can &»Sw:.cum_u‘ nﬂmﬁ how
likely various modes of transmission are deemed to be. .:._.m is particularly
problematic for pedigree studies of developmental language disorders because
of the complex relationship between genotype and v_.nao,.wvo.

Several studies have reported a number of kindreds with nu:.n:..n_w large
numbers of severely affected family members (Amold 1961; Gopnik 1990;
Hurst et al. 1990; Lewis 1990) in which transmission seems to be autosomal
dominant with variable rates of expressivity and penetrance, Hurst et m_.
(1990) performed a pedigree analysis on the same @.B__.w m._j_& by va.:w
(1990) and concluded that the mode of transmission in this family was a single
autosomal dominant gene with near 100% penetrance. Samples and Lane
(1985) performed a similar analysis on a family in which the parents were
first cousins. Neither parent reported any written or spoken language diffi-
culties, yet all six of their offspring had a severe developmental language
disorder. Based on these findings, Samples and Lane concluded that the most
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likely mode of transmission in this family was a single autosomal recessive
gene.

Pedigree studies can be used to evaluate predictions made by the hy-
pothesis that the tendency for language disorders to run in families is the
result of the deviant linguistic environments in such families (i.e., the DLEH)
rather than the result of a genetically transmitted disorder. According to the
DLEH, within a family with a high incidence of language impairment, one
would not expect to find any family members with completely normal lan-
guage. However, even in families with a high incidence of language impair-
ment, there are often family members whose language develops normally
despite extensive €xposure to deviant language. For example, in :..m 3 families
studied by Arnold ( 1961), 9 of 24 members of family 1, 20 of 32 members
of family 2, and 17 of 29 members of family 3 were not language impaired
(see Figures la~Ic). In the family studied by Hurst et al. ( 1990) and Gopnik
(1990) (Figure 1d) 14 of the 30 family members had normai language. Len-
neberg (1967) reported that Luchsinger studied a family in which 6 of 14
family members were not language impaired (Figure le). In a family studied
by Brewer [also reported by Lenneberg (1967)] 14 of 30 family members
were unaffected. If nonbiological relatives (i.e., relatives by marriage) are
included, 15 of 28 members of Amold’s ( 1961) family 1, 20 of 32 members
of Amold’s (1961) family 2, 27 of 39 members of Amold’s (1961) family 3,
13 of 21 members of Luchsinger’s family, 30 of 47 members of Brewer’s
family, and 20 of 36 members of the family studied by Hurst et al. ( 1990)
and Gopnik (1990) were not language impaired. .

Even for an autosomal dominant disorder the only way all offspring
could regularly be affected is in the extremely rare instance in which at least
one of the affected parents happened to have two defective genes. The DLEH,
on the other hand, predicts that within a nuclear family all siblings should
cither be language impaired or normal. Contrary to this prediction, familial
aggregation studies and most pedigree studies of language disorders reveal
that language-impaired children usually have some siblings that are language
impaired and some siblings that are not language impaired. For example, this
is true for all three of the families studied by Amold (1961), three of the four
families studied by Lewis (1990), and the families studied by Luchsinger
(Figure 1e), Brewer (Lenneberg 1967), and Stromswold (1994) (Figure 1f).

Consider Amold’s (1961) family 1 in which both grandparents had lan-
guage impairments. Despite the fact that both parents were language impaired,
only two of their five offspring were language impaired. Both of the language-
impaired offspring were female and married nonimpaired husbands. One of
the impaired daughters had three male offspring, none of whom were affected,
The other daughter had six language-impaired offspring (three males, three
females) and one normal (female) offspring. If the DLEH is correct, it is unclear
how three of the five offspring of two languag -impaired individuals could
develop normal language. It is also unclear how the unaffected granddaughter
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Figure 1.  Pedigrees of families with high incidences of language impairment. (a) Amold (1961)
family 1; (b) Amold (1961) family 2; (c) Amold (1961) family 3; (d) Gopnik (1990)
and Hurst et al. (1990) family; () Luchsinger family (Lenneberg 1967); (f) Stromswold
(1994) family. Circles, females; squares, males; diamonds, sex unknown. Solid, affected; Figure 1. Continued.
open, unaffected; hatched, possibly affected.

.._ J
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managed to develop normal language despite exposure to deviant language
from six language-impaired siblings, a language-impaired mother, two
language-impaired grandparents, a language-impaired aunt, and three
language-impaired cousins.

The DLEH predicts that one will not find families in which the language
impairment skips a generation. In Arnold’s (1961) family 1 and family 2 there
are instances of language impairment skipping a generation. Particularly re-
vealing is Arnold’s family 1, in which both grandparents are affected. Of the
three offspring that were not language impaired, one did not have any chil-
dren. The other two unimpaired offspring both had at least one child with a
language impairment (Amold 1961). Another example of a language impair-
ment skipping a generation can be seen in a male child with severe devel-
opmental dyspraxia (see Figure 1f) (Stromswold 1994). Although both of his
parents have normal language, his paternal grandfather is severely dysfluent
and his two paternal great aunts are mildly dysfluent.

Impaired Parent Sex Ratio
(M:F)
sibs, 61% for unaffected sibs)

Probands, 1.0:1: controls, NA

NA; 47% of sibs male

NA
Probands, 1.1:1; controls, 4.2:1

Probands, 1.0:1; controls, 2.7;1

Probands, 1.2:1; controls, 1.1:1
NA

Probands, 1.4:1; controls, NA

affected relatives, 1.5:1; controls® affecied relatives, 1.9:1
Probands, 2.7:1

Probands, 1.18:1

Probands, 4.5:1

NA

LI probands, 1:1

NA
NA

Sex Ratio Studies.  The incidence of language disorders is often reported
to be greater for males than for females. However, a cursory review of the
family pedigrees shown in Figure 1 indicates that language disorders may be
transmitted from father to son and that unaffected fathers may have affected
daughters, suggesting that spoken language disorders are not the result of an
X-linked recessive trait. Sex ratios can also be used to investigate whether
language disorders are X-linked recessive. For an X-linked recessive trait to
be expressed in a woman, the recessive allele must be present on both of a
woman’s X chromosomes, whereas for a man to express the trait, the recessive
allele needs to be present only on the man’s one X chromosome. Thus, if

‘ _E_m:»wo disorders are X-linked recessive, the male:female ratio should be
n:n", where n is the frequency of the disordered allele. For example, if the X-
linked recessive allele is found on 10% of X chromosomes, the male:female
sex ratio will be 10:1. If the X-linked recessive allele is found on 5% of X
chromosomes, the ratio will be 20:1.

As shown in Table 3, of the 18 family aggregation studies of spoken
language disorders reviewed here, all but 2 (Bishop and Edmundson 1987;
Byme et al.,, 1974) included information about the sex of probands or pro-
bands’ affected and unaffected relatives. The male:female sex ratio for pro-
bands in these studies ranged from a low of 1.3:1 (Tomblin 1996a) to a high
of 5.9:1 (Whitehurst et al. 1991), with most studies reporting sex ratios be-
tween 2:1 to 3:1. In the eight studies that reported the sex ratios of affected
siblings the ratios ranged from 1:1 (Rice et al. 1998; van der Lely and Stoli-
werck 1996; Whitehurst et al. 1991) to 4:1 (Tomblin and Buckwalter 1994),
with the rest reporting sex ratios between 1:1 and 2.5:1. In the nine studies
that reported affected parental ratios impaired parent sex ratios ranged from
1:1 (Tomblin 1989; van der Lely and Stollwerck 1996; Whitehurst et al. 1991)
to 4.5:1 (Rice et al. 1998), with seven studies reporting ratios between 1:1

Impaired Siblings Sex Ratio
(M:F)
65% of sibs were male (71% for affected

Probands, 2.4:1; controls; NA

Probands, 3.6:1
NA
Probands, 1.1:1; controls, 2.53:1

Probands, 1.3:1; controls, NA
Probands, 1.4:1; controls, 0.6:1
Probands, 1:1; controls, 0.8:1
NA

Probands’
Probands, 4:1
NA .
Probands, 0.9:1
NA - .

LI probands, 1.8:1 '

NA
NA

2.5:1; controls, 1.0:1

1.9:1; controls, 1.9:1
2.4:1

'2.9:1; controls, N/A
5.9:1; controls, 3.2:1

4.8:1
20:1

vvvvvvv

Controls (M:F)

Probands, 2.6:1

Sex Ratios for Probands and
Probands, 1.6:1; controls, 1.6:1
Probands, 4:1; controls, NA

NA

Probands, 1.9:1; controls, 1.8:1

Probands, 1.8:1

Probands, 1.8:1
- Probands, 1.3:1

Probands
Probands
Probands
Probands
Probands

Probands, 2.2:1
NA
Probands,

Tomblin and Buckwalter ( 1994)
van der Lely and Stollwerck (1996)
LI Speech or language impairment.

Lahey and Edwards (1995)
Rice et al. (1998)

Table 3. Sex Rmios-
Tomblin (1996a)

Haynes and Naidoo (1991)

Neils and Aram (1986)
Lewis et al. (1989)
Tallal et al. (1989a)
Tallal et al. (1939b)
Tomblin et al. (1991)

Tomblin (1989)
Whitehurst et al. (1991)

Beitchman et al. (1992)
Lewis (1992)

Luchsinger (1970)

Srudy
Ingram (1959)
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and 1.5:1. Even the most extreme sex ratio for probands (6:1) (Whitehurst et
al. 1991) or affected siblings (4:1) (Tomblin and Buckwalter 1994) are less
than would be expected if language disorders were X-linked recessive.

If the higher incidence of language disorders in males than females is
not the result of X-linked recessive transmission, why are males more likely
to be language impaired than females? One possibility is that the greater ratio
of impaired males is the result of an ascertainment bias. A number of studies
of dyslexia that used systematic sampling rather than sampling from clinic
populations have found no significant difference in the incidence of dyslexia
among boys and girls (DeFries and Gillis 1993; Shaywitz et al. 1990; Wads-
worth et al. 1992). Thus for dyslexia the elevated male:female ratio may
reflect that boys are more likely to be referred to therapy than are girls.

The data for spoken language impairments are mixed. Through system-

atic screening of 849 kindergarten children, Tomblin (1996b) identified 16
boys and 9 girls as being language impaired based on performance on a
battery of tests, whereas in a later study a systematic screening of 7218 kin-
dergarten children revealed that 8% of boys and 6% of girls had spoken
language disorders (Tomblin 1996a). Furthermore, once probands were re-
moved from the analyses (thereby removing any ascertainment biases), the
sex ratios for spoken and written language disorders typically ranged between
1:1 and 1.5:1. In their meta-analysis of studies that examine sex differences
in verbal ability, Hyde and Linn (1988, p. 64) concluded that “the gender
difference in verbal ability is currently so small that it can effectively be
considered zero.”

A second possibility for the sex difference in language impairment is
that males and females might be equally likely to have language-disordered

.genotypes but that the expression of these genotypes is sometimes fatal in
females. Tallal et al.’s (1989b) finding that 65% of the siblings of probands
were male (71% of affected siblings, 61% of unaffected siblings) is consistent
with such an account.

A third possibility for the greater incidence of impaired males is that
males and females may be equally likely to have the genotypes that corre-
spond to language disorders but that males may be at greater risk of expressing
the disorder [e.g., Tallal et al. (1989a,b)). In order for a female to express the
language disorder phenotype, she may require a greater genetic load for lan-
guage disorder than that required for a male to express the language disorder
phenotype. A prediction entailed by this account is that, if a female is phe-
notypically language impaired, then she should be more likely to transmit the
impairment to her offspring. A second prediction entailed by this theory is
that, if female probands must receive a higher genetic load to express lan-
guage impairments, female probands should have a greater number and den-
sity of impaired relatives.

The data are mixed with regards to these predictions. Consistent with
the first prediction, Whitehurst et al. (1991) found that probands’ mothers
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were significantly more likely than control subjects’ mothers to be affected
or to have been late talkers, and Tallal et al. (1989) found that probands’
EQ_.SB were more likely than control subjects’ mothers to have a language,
reading, or writing disorder. Consistent with the second prediction, Lewis
.:oww.v found that female probands had significantly more relatives with learn-
ing disabilities and global language impairments than male probands. Lewis
et al. (1993) found that the percentage of affected family members was higher
in families ascertained through female probands (15% of all family members,
39% of first-degree relatives) than in families ascertained through male pro-
bands (8% of all family members and 24% of first-degree relatives). Tallal et
m._. A 1989b) reported that female probands had 1.6 times as many affected
siblings as male probands. Beitchman et al. (1992) found no significant dif-
ference in the rate of positive family history for male and female probands,
but they did find that significantly more female probands than male 18_8-._%.
. _ga. more than one impaired relative. Lahey and mui»aa,.:wo& found that
a higher percentage of female probands’ siblings were impaired than male
probands’ siblings (42% vs. 22%, respectively, p < 0.1). ©~ -

On the other hand, contrary to the genetic Joad theory, Luchsinger
(1970) .mocma 20 cases of paternal line inheritance and only 12 cases of ma-
ternal line inheritance. Tomblin (1989) found no significant difference in the
frequency of language impairment among relatives of female and male pro-
ws..%.. 1&5& .Ea Naidoo (1991) found no significant difference in the rate
of positive family history for male and female probands, and Rice et al. (1998)
found that the sex of the proband did not significantly affect the percentage
ﬁ, nuclear or extended family members that were impaired (for nuclear fam-
ilies overall affectedness rates were 29% and 21% for male and female pro-
bands, respectively). _ _

In summary, although Tallal et al, (1989b) has argued that the sex ratio
nms for SLI are most consistent with an autosomal dominant transmission
s_mr greater penetrance through mothers than fathers, at this point the sex
ratio data from many studies conflict and this hypothesis cannot be said to be
supported E the preponderance of the data. Rather, the higher incidence of
language disorders among males than among females is probably due in large
part to ascertainment biases. _ _

ne....:_...u-....w Analyses. Multifactorial polygenic transmission results in
a quantitative trait with a normal distribution, whereas single major locus
transmission is more likely to generate a multimodal distribution, with each
mean representing a distinct subpopulation, Maximum-likelihood estimates
can be used to test the fit of different models with additional parameters (i.e.,
Bomam.v R_.aoa only if they yield a better fit of the data. To date, only one
commingling analysis of SLI data has been performed. Tomblin and Buck-

- walter (1994) analyzed 647 children’s performance on ToLD-2 grammatical

completion and picture identification (vocabulary) subtests. For vocabulary
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the best model had a single mean. For grammatical completion aﬁ. best :.on._o_
had two populations. One subpopulation included 80% of :._n n_._._n_.os..i_e
the other 20% of the children making up a second subpopulation with a higher
mean. Tomblin and Buckwalter (1994) failed to m.a oanm:on of a _o¢.<-
performing group, indicating either that too few children with SLI were in
the sample or that SLI represents the low end of normal ability.

Segregation Analyses. - - Once additional parameters are added to q_.o._o_.u
of transmission, simple estimates of affectedness ratios are not m:wm.n.n:. to
determine the mode of transmission. Rather, data from nuclear families must
be used to estimate the values of parameters of a specific model. Segregation
analyses can be used to give maximum-likelihood estimates of the parameters,
and statistical tests can be used to test specific modes of transmission. One
serious limitation of segregation analysis is that the technique assumes E&
all the nuclear families under investigation suffer from the same genetic a..m-
order and that they represent a random sample of the population under in-
vestigation. Lewis et al. (1993) analyzed the vo&m._do.m of 45 vq.oga% with
a history of moderate to severe speech or language disorder. Eight .-.anoa
eighty-eight first-, second-, and third-degree family ...,.oacomu were 52.:&&
in the pedigrees. To perform the segregation analysis, Lewis et al. %__m the
45 kindreds into 276 nuclear families. The hypothesis that there was neither
multifactorial polygenic nor single major locus transmission was rejected at
the 0.05 level. However, based on the analyses, Lewis et al. were =.=»Eo to
distinguish between single major locus and Bc_:?o,o_.mm-_ vo_wmn_z.o trans-
mission, but they concluded that in most cases multifactorial polygenic trans-
mission is the most likely mode of inheritance of developmental language
isorders.
diso Tomblin and Buckwalter (1994) analyzed the extended ?B.Enm (1004
family members) of 26 probands with SLI. Although the sample size was too

small to permit a full segregation analysis. Tomblin and Buckwalter reported -

that a comparison of the expected and observed number of smmo..nn m.mc_:.wm
(Penrose 1953) indicated that the most likely mode of transmission is mul-
tifactorial polygenic.

Summary and Future Directions

A comprehensive review of family aggregation m:.&om. indicates that
spoken language disorders run in certain families s.w._ that this may en n_.._n.
at least in part, to heritable factors. Based on the q.o<.n€2_ results, it is fairly
safe to say that in most cases familial language disorders are the 33@__2 of
both genes and the environment. However, given the types of mza_n.m re-
viewed, it is difficult to quantify the extent to which genetic versus environ-
mental factors play a role in the development of _E.w:mmm disorders ?.:_.w:n
behavioral studies twin and adoption studies are better suited for quantifying
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the relative importance of nature and nurture). The results of segregation,
pedigree, commingling, and sex ratio studies suggest that spoken language
disorders are etiologically heterogeneous and may be autosomal recessive or
dominant or may involve complex interactions between genes and the envi-
ronment. In addition to genetic heterogeneity, other factors make investiga-
tions of the genetics of language disorders difficult. The expression and pen-
etrance of spoken language disorders are rarely complete. Furthermore, even
within a family (whose impaired members presumably share the same lan-
guage disorder genotype), there is often behavioral heterogeneity, with the
type of language disorder varying from one impaired member to another and
from one age to another. . .
Even though most children can develop language normally in a wide
range of linguistic environments, it is possible that there is a synergistic effect
between genetic and environment factors, with children who are genetically
at risk for developing language disorders being particularly sensitive to subtly
impoverished linguistic environments. If this is the case, family aggregation,
twin, and pedigree studies (but not adoption studies) may overestimate the
relative importance of genetic factors because children who are genetically
at risk are also more likely to be exposed to deviant linguistic environments
since language disorders run in families, Because most of the reviewed studies
did not rigorously assess or control for the cognitive abilities of proband and
control subjects, it is possible that language disorders are due (at least in part)
to genetic factors but that these genetic factors are not specific to language.
One final caveat is that, even if there are language disorders that appear
to be (partially) due to genetic factors specific to language, it is possible that
such genetic factors play no appreciable role in the variation in linguistic
abilities among unimpaired people. Even if we discover genotypes associated
with language disorders (or genotypes associated with being a linguistic sa-
vant), the observed variation in language abilities for normal children may be
due exclusively to environmental factors (such as education) or genetic factors
(such as IQ) that are not specific to language. [Consider the following anal-
ogy: Although deviant alleles exist that cause people to have too few or too
many red blood cells (anemia and polycythemia, respectively), the variation
observed in hematocrit among “normal” people may be due to factors that
are not genetic, such as diet, elevation, and presence of other diseases.]
Although it is possible for a single genotype to result in different lin-
guistic profiles and, conversely, for different genotypes to result in similar
profiles, researchers should attempt to limit behavior heterogeneity among
their subjects. Doing so should increase the likelihood of identifying the ge-
notypes associated with language disorders and hence lead to advances in
early diagnosis. Success at identifying the genotypes for language disorders
(e.g., through linkage studies) should also lead to progress in identifying the
environmental factors that lead to the expression of language disorders. This
in turn might lead to advances in (he remediation of language disorders.
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