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INTRODUCTION
We submit this Comment to address an apparent contra-
diction in the literature concerning developmental outcomes
of children with Duarte galactosemia (DG). Specifically, in
2009, Powell and colleagues published a report1 in this journal
showing that children with DG were overrepresented in
metropolitan Atlanta among 3- to 10-year-olds receiving
speech–language intervention in public school. While indir-
ect, this result raised the alarming possibility that children
with DG might be at increased risk for difficulties with speech
and/or language. In contrast, this year Carlock and colleagues
published a report2 showing by direct assessment of
speech–language outcomes in 350 children that no significant
differences were observed between cases and controls. While
different results are often reported from independent studies
of human subjects, it can be informative to compare details of
the studies to identify potential explanations for the apparent
disparities.

STUDY DESIGN AND CASE–CONTROL COHORTS
The Powell study leveraged newborn screening, metabolic
clinic, and other records to identify 75 infants with DG born
between 1988 and 2001 in metropolitan Atlanta, of whom 59
were treated at Emory University and still living in
metropolitan Atlanta 3–10 years later; these comprised the
cases for the study. Infants not treated at Emory, or no longer
living in metropolitan Atlanta at ages 3–10 years, were
excluded. Controls for the Powell study were infants born in
metropolitan Atlanta who survived to at least 1 year, were
3–10 years old in 1998, and were still living in metropolitan
Atlanta.
Developmental outcomes and receipt of special services for

cases were ascertained by linking the 59 names of children

with DG in the study with each of two Centers for Disease
Control and Prevention (CDC) databases covering the years
1996–2004 when the children would have been 3–10 years
old: (1) the Metropolitan Atlanta Developmental Disabilities
Surveillance Program, a population-based surveillance system
for selected developmental disabilities; and (2) the Special
Education Database of Metropolitan Atlanta (SEDMA), a
database listing children in metropolitan Atlanta receiving
special services in public schools. Prevalence of controls
receiving special services was determined by dividing the
number of 3- to 10-year-olds listed in SEDMA as receiving
special services in 1998 (13,187) by the total number of
controls (295,939).
Cases for the Carlock study were 206 children with DG,

all 6–12 years old, recruited from 13 US states with the help
of the newborn screening programs and metabolic clinics
that diagnosed them as infants. Controls were 144
unaffected 6- to 12-year-olds from these same families.
Speech–language outcomes for the Carlock study were
determined by direct evaluation of each child by each of
two experienced speech pathologists who were blinded to
the case–control status of each child. Parents were also
asked if their child had ever received speech–language
intervention.

STUDY RESULTS
Although Powell and colleagues found that none of the 59
children with DG in their study had been diagnosed with
intellectual disability, cerebral palsy, hearing loss, vision
impairment, or an autism spectrum disorder, 5 of the 59, or
8.5%, had received special services for speech and/or language
in school at some point when they were 3 to 10 years old.
When the age range was narrowed to include only 8-year-olds
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the prevalence of cases receiving speech–language interven-
tion was recalculated as 5/33, or 15.2%.
For controls in the Powell study, the prevalence of

metropolitan Atlanta 3- to 10-year-olds receiving special
services for speech/language in 1998 was calculated as 13,187/
295,939 or 4.5%. Using the narrower age range, the prevalence
of all metropolitan Atlanta 8-year-olds receiving
speech–language intervention in public school in 1998 was
2264/38,328 or 5.9%. For both the larger and smaller age
ranges considered, the prevalence of cases receiving
speech–language intervention was greater than the prevalence
of controls.
The Carlock study evaluated child participants using

established instruments that yielded continuous or ordinal
scores for 73 different outcomes representing five develop-
mental domains. Fourteen of the 73 outcomes tested related
to speech–language. No significant differences were seen
between cases and controls, or among cases as a function of
exposure to milk in infancy, for any of the outcomes tested.
Consistent with this result, 10.3% of the 206 cases, and 11.2%
of the 144 controls, reported having received speech–language
intervention at some point in school. Further, the average
duration of speech–language intervention was almost iden-
tical: 4.4 years for cases and 4.5 years for controls.

STUDY STRENGTHS AND LIMITATIONS
A major strength of the Powell study is that it was largely
population based, albeit from one geographic area. Because
subjects were not consented, there was no self-selection bias
for participation.
However, cases and controls may have been to some extent

mismatched. Specifically, because the D2 allele of GALT
associated with DG is prevalent in populations of European
ancestry, and almost absent from populations of African
ancestry,3 few infants identified with DG are African
American. For example, Georgia newborn screening data for
the years 2006 to 2015 demonstrated that of 126 infants
diagnosed with DG whose race was known (another 33 were
race unknown and 10 were multiracial or other), 83% were
white and only 9.5% were African American. In contrast, the
percentage of African American newborns in the population
screened was almost 34%. This could be a contributing factor
to results of the Powell study as prior reports document that
receipt of speech–language intervention can be disparate by
race4,5 with African American children being underserved.6

A major strength of the Carlock study is the large number
of both cases and controls directly tested by trained
professionals. Another strength is that participating families
came from 13 US states representing different regions of the
country. Both cases and controls derived from the same set of
families and were well matched for many factors including
race and socioeconomic status.
A limitation of the Carlock study is that families were

consented, so there may have been a self-selection bias, and
participating families tended to be more highly educated than
the general US population.7 It is possible that a study of

children not subject to these biases might have yielded
different results. However, any ascertainment biases in the
Carlock study cohort should have been balanced between
cases and controls.

COMPARISON OF STUDY RESULTS WITH RELE-
VANT DATA FROM OTHER SOURCES

Finally, it is useful to compare the results of both the Powell
and Carlock studies with relevant data from other sources. For
example, according to the CDC4 9.3% of US children ages 7 to
10 were reported in 2012 as having a communication disorder
in the previous 12 months. Of communication disorders,
speech–language difficulties were the most common. This
means that close to 360/4000 school children experienced a
communication disorder, but the prevalence of DG is only
about 1/4000. Whether, in rare cases, DG causes a
speech–language disorder, or in some cases a child with DG
experiences an independent cause of speech–language diffi-
culty, remains unclear.
It is also important to note that of children reported by the

CDC as having a communication disorder, only about 2/3
received intervention.4 That, on average, about one-third of US
children said to have a problem did not receive intervention,
and that this percentage differed across populations,4 highlights
the challenge in defining child outcome based on receipt of
special services in school. Specifically, whether or not a child
receives services can be impacted by many factors, some related
to the child and family, but many related to resources available
in the school, the school system, and local or national
regulations that may change over time.4,5

The CDC numbers listed above are similar to the 8.5% of 3-
to 10-year-old cases, and higher than the 4.5% of 3- to 10-
year-old controls, reported from the Powell study as receiving
speech–language intervention. Of note, an independent study
also using the SEDMA database used by Powell reported an
even lower percentage of children in metropolitan Atlanta
receiving speech–language intervention in public schools
(3.88%).8

The CDC numbers listed above are also notably lower than
the 10.3% of cases and 11.2% of controls reported as receiving
speech–language intervention from the Carlock study. Of
course, the geographies and time frames in which these
numbers were derived differed, so that eligibility criteria and
other factors may have also differed. Further, the Carlock study
asked parents whether their child had ever received intervention
for a speech–language problem; the CDC study asked parents
only about intervention in the prior 12 months. Finally, as
mentioned above, because the D2 allele of GALT underlying
DG occurs predominantly in European populations,3 the
Carlock study families, who were recruited on the basis of
having at least one child with DG, included predominantly
families of European ancestry.

CONCLUSION
Like all human subjects research, both the Powell and Carlock
studies had strengths and limitations that may have
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contributed to their contrasting findings. Specific differences
related to study design, potential ascertainment bias, match-
ing versus mismatching case and control cohorts, and
potential confounding of outcome variables. To answer the
question of whether children with DG are at increased risk for
developmental problems, all of these factors must be taken
into account.
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