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Newborn screening for galactosemia has shown a high prevalence of partial galactose uridyl transferase
deficiencies such as Duarte (DG) galactosemia.

Study objective: To determine whether (a) there is any clinical impact of DG galactosemia on develop-
ment (b) there is a relationship between outcome and biochemical parameters in patients who receive no
treatment.

Study population: Twenty-eight children with DG galactosemia. Group-I—17 children had a lactose
restricted diet in the first year of life. Group-II—11 children had a regular diet since birth.

Methods: Developmental, physical, and ophthalmologic assessments were completed on both DG
groups. RBC gal-1-p and urine galactitol were monitored during the follow-up visits in every child with
DG galactosemia. Gal-1-p, urine galactitol, liver function tests, and FSH were tested at the time of study
visit.

Results: The groups had statistically significant differences on RBC gal-1-p and urine galactitol at
the 2 week, 1 month, 6 month, and 1 year time points. There was no statistical difference of gal-
1-p or urine galactitol in group-I and -II at the time of study. The groups had statistically significant
differences on adaptive scores, but not on language or IQ. None of the DG subjects had abnormal
liver function at the time of diagnosis or the study visit. The FSH levels were normal. There were
no statistically significant relationships between the first year metabolic values and developmental
outcomes.

Conclusions: The data presented here indicate that clinical and developmental outcomes in DG
galactosemics are good regardless of any diet changes.

� 2008 Published by Elsevier Inc.
Introduction

Classical galactosemia (1/40,000–60,000 live births) is an in-
born error of metabolism caused by a profound or complete defi-
ciency of galactose-1-phosphate uridyltransferase (GALT)1 [1].
Hundreds of mutations of the GALT gene have been reported [2–
4]. The most common mutations are associated with milder clinical
variants and are considerably more prevalent than those leading to
the classical form. The most frequent GALT mutation is called Duarte
(N314D), which can exist in two different forms: Duarte-1 and
Elsevier Inc.
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Duarte-2. The Duarte allele is defined biochemically by isoforms dis-
tinguishable by native gel electrophoresis and isoelectric focusing.
Duarte-1, the Los Angeles variant, is associated with increased activ-
ity compared to Duarte-2 [1]. Both variants exhibit the same electro-
phoretic pattern but are distinguishable at the genetic level by
additional base changes.

The Duarte-2 (N314D) mutation is found in about 5% of the US
population. Many infants (1/4000 in Caucasians) are compound
heterozygotes for the Duarte-2 variant and classical galactosemia,
so-called DG variants. These individuals typically manifest 14–25%
of normal GALT activity [1,5]. In DG galactosemia there is increased
red blood cell galactose-1-phosphate, galactitol, galactonate, and
increased urinary excretion of galactitol during early infancy [6].

Many developed countries screen all newborns for galactosemia
by analyzing blood total galactose (gal-1-p) and /or determining
tosemia: A pilot study of biochemical and neurodevelopmental ...,
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the activity of GALT enzyme. The residual activity of GALT enzyme
correlates with the loci of mutations in the GALT gene. Some
screening laboratories perform mutation analysis using DNA de-
rived from the original newborn dried blood specimen. The four
most frequently encountered classical galactosemia alleles
(Q188R, S135L, K285N, and L195P) and the N314D Duarte variant
mutation are surveyed. Many newborns with variant forms of
galactosemia such as DG or DD are detected through newborn
screening.

Ever since DG babies have been discerned in newborn screening
programs, a vexing question has been whether the reduction of RBC
GALT to approximately 14–25% of normal places an infant at risk for
having any aspect of the classic galactosemia syndrome. The need to
restrict dietary galactose in these babies is uncertain, and a variety of
recommendations have been made. Some metabolic physicians re-
strict lactose in the diet for approximately 1 year and then gradually
introduce this sugar and follow the clinical and biochemical re-
sponse. Some physicians do not restrict lactose at all.

There are no data to predict the likelihood that medical or
developmental complications can result from untreated DG galac-
tosemia. In this study we compare the clinical, biochemical, and
developmental outcomes of DG galactosemics who received a gal-
actose free diet in the first year of life with those on an unrestricted
diet, up to 6 years of age.
Materials and methods

Study population

Twenty-eight children (13 male and 15 female) with DG galac-
tosemia participated in the study. Participants ranged in age from 1
to 6 years (2.96 ± 1.31 years), and were divided into two groups
based on history of lactose restriction during the first year of life.
Group-I—17 DG children (age range: 1.3–6 years, median 3.5 years)
were on a lactose restricted diet in the first year of life. A lactose
restricted diet was initiated during the first 10 days of life for all
participants. Group-II—11 DG children (age range: 1.1–5 years,
median 2.28 years) were on regular diet since birth. At the time
of the study all children were on a regular diet. Twenty-five out
of 28 children were compound heterozygotes for Q188R and
N314D mutations. Three other patients were compound heterozy-
gotes for S135L and N314D, K285N and N314D, and N314D and
deletion, respectively. All participants spoke English as their pri-
mary language. The ethnic composition of the participants was
97% Caucasian, and 3% Hispanic. This breakdown by ethnicity re-
flects the distribution of DG across populations and its rarity
among African, Americans and Asians.

None of the participants had a history of significant unrelated
medical problems (e.g., extreme prematurity, nonmetabolic liver
disease, cardiac or respiratory arrest, acquired traumatic brain in-
jury or other genetic disorders).

Evaluations at the time of the study visit

A general physical and neurological exam was completed for
each subject. History included questions related to neonatal health,
particularly the presence of jaundice, feeding difficulties, sepsis, or
other illnesses, surgeries, hospitalizations, and developmental pro-
gress. A slit lamp exam for cataracts and neurodevelopmental test
were completed on each subject.

Diet history

A metabolic dietician obtained detailed diet information on cur-
rent (based on a 3-day diet record) and past diets. For the purposes
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of this study a participant was considered ‘‘treated” if he/she re-
ceived lactose restricted formula during the first year of life.

Laboratory studies

RBC gal-1-p, and urine galactitol levels were monitored closely
in every patient since their newborn period. This biochemical
information was included in the study. At the time of study visit
each participant also had blood tests for comprehensive blood met-
abolic panel and coagulation studies, and FSH levels (females only).
RBC gal-1-p and urine galactitol levels were used to assess the met-
abolic control in participants.

Sample preparation and GC/MS assay

The sample preparation and derivatization of RBC gal-1-p has
been described previously [7]. The peak of RBC gal-1-p was identi-
fied chromatographically and by its fragmentation pattern. Quanti-
tation was determined from standard curves for each metabolite
constructed with each group of specimens analyzed as described
previously using the m/z ratio for gal-1-p of 204/205 [7]. The gal-
1-p is expressed as mg/dL. Urine galactitol was quantitated by
the GC method reported previously [8]. All standards, chemicals
and materials used were as described previously [6].

Neurodevelopmental battery

A brief neurodevelopmental battery was designed to assess
general cognitive ability, language development, and adaptive
functioning in study participants.

Individuals aged 12–35 months completed the Bayley Scales of
Infant Development—Third Edition (BSID-III), a standardized and
individually administered assessment of developmental function-
ing in infants and young children. The administered test produces
three scales—a cognitive, language, and motor scale. Two addi-
tional scales of social-emotional and adaptive behavior were calcu-
lated, based on parent report.

Individuals aged 36 months or older completed the Wechsler
Preschool and Primary Scale of Intelligence—Third Edition
(WPPSI-III), a standardized and individually administered assess-
ment of cognitive functioning for toddlers and preschoolers. The
measure provides a full-scale intelligence quotient as well as scales
of verbal abilities, nonverbal reasoning abilities, and general lan-
guage ability. Individuals aged 36 months or older also completed
the Adaptive Behavior Assessment Scale—Second Edition (ABAS-II),
a parent report measure of behavioral and adaptive functioning
that is directly analogous to the social-emotional and adaptive
behavior questionnaire administered in the infant battery. Adap-
tive scores reflect parents’ ratings of the child’s real-life function-
ing in multiple domains, including communication skills,
community use skills, functional pre-academic skills, home living
skills, health and safety behaviors, leisure activities, self-care skills,
self-direction skills, and social skills.

This study was performed with the approval of the Children’s
Hospital of Philadelphia Institutional Review Board (#2005-8-
4364).

Statistical analysis

The distributions of all outcome variables were examined using
histograms and one-sample Kolmogorov–Smirnov tests.

When outcomes had normal distribution, or when a logarithmic
transformation resulted in a normal distribution, differences be-
tween the two groups were examined using t-tests for indepen-
dent samples. For outcomes that could not be normalized, non-
parametric Mann–Whitney tests were used.
tosemia: A pilot study of biochemical and neurodevelopmental ...,
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The relationships between (a) first year metabolic levels (RBC
gal-1-p and urine galactitol) and developmental outcomes, and
(b) metabolic levels (RBC gal-1-p and urine galactitol) at the study
visit and developmental outcomes were examined using Pearson
parametric or Spearman rank order correlation coefficients.

Change in RBC gal-1-p and urinary galactitol as measured
repeatedly across time during the first year of life was analyzed
using generalized estimating equations (GEE) [9]. To account for
the possibility of a curvilinear aspect in the data, quadratic and cu-
bic time effects were included in the model fitting gal-1-p, along
with linear time. Dependent variables were the RBC gal-1-p and
urine galactitol levels. Each of these metabolic outcomes was ana-
lyzed separately. Independent variables were group membership,
age, time of measurement, and the interaction of group and time
of measurement.

Results

RBC gal-1-p and urine galactitol levels

During the first year of life
Table 1 shows RBC gal-1-p levels at 2 weeks, 1 month, 6 months

and 1 year in group-I (n = 17) and group-II (n = 11) DG galactose-
mics. RBC gal-1-p levels were more frequently monitored in
group-II subjects, who were not on lactose restricted diet, and their
gal-1-p levels at 3 and 4 months of age are also shown in Table 1.

Urine galactitol levels, measured at 2 weeks and 1 year in
group-I subjects (n = 17), and at 2 weeks, 1 month, 6 months,
and 1 year in group-II subjects (n = 11), are shown in Table 1.

Longitudinal analyses indicate that during the first year of life,
RBC gal-1-p and urine galactitol levels were significantly changing
across time. Gal-1-p was changing across time in both a linear and
a complex curvilinear manner (p < 0.0005 for linear, quadratic, and
cubic time effects). The main effect of group (restricted diet in first
year-group-I versus regular diet since birth-group-II) was not sta-
tistically significant (p = 0.38). However, the group * time effects
were all statistically significant (p = 0.030, 0.009, and 0.006, for lin-
ear, quadratic, and cubic interaction effects, respectively), indicat-
ing that gal-1-p is changing at different rates and in different
manners in the two groups. The fact that urine galactitol was mea-
sured only twice in the restricted diet group prevented an exami-
nation of curvilinear changes. The main effects of group (p = 0.001)
and of linear time (p < 0.0001) on urine galactitol were both highly
significant, indicating differences between the groups and among
the different time points of measurements. The group * time inter-
action effect was statistically significant (p = 0.027), indicating that
urine galactitol was changing at different rates in the two groups.
Box plots of the data are shown in Figs. 1 and 2.

Since longitudinal models indicate that the effect of group dif-
fers depending on the time of measurement, the following results
were obtained based on non-longitudinal analyses.

The groups had statistically significant differences on gal-1-p
levels at 2 week (p = 0.007), 1 month (p < 0.0005), 6 month
(p < 0.0005), and 1 year time points (p = 0.005).

The groups had statistically significant differences on urine
galactitol at the 2 week (p = 0.013) and 1 year time points
(p = 0.037).

In addition, the groups had statistically significant differences
on maximum change in gal-1-p (p = 0.008) and maximum change
in urine galactitol (p = 0.047). The groups had no statistically sig-
nificant differences on GALT enzyme values (p = 0.38).

At study visit
All DG subjects in both groups were on a regular diet at the time

of the study visit. The amount of galactose consumed by each indi-
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vidual is shown in Table 2. The average galactose intake for pa-
tients on a lactose restricted diet in the first year of life (group-I)
(n = 17) was 11,996 mg galactose/day. The average galactose intake
for patients who were unrestricted in the first year of life (group-II)
(n = 11) was 18,067 mg galactose/day. There was a statistically sig-
nificant difference in galactose intake between the two groups
(p = 0.019). There was a marginal relationship between galactose
intake and age (r = �0.32, p = 0.098, n = 28), not statistically
significant.

There was no relationship between galactose intake and study
visit’s gal-1-p (Pearson r = 0.45, p = 0.015, n = 28, using the log-
transform of gal-1-p). There was no significant relationship be-
tween galactose intake and urine galactitol levels (Spearman
r = 0.20, p = 0.30, n = 28).

There were no statistically significant relationships between
galactose intake and adaptive (Pearson r = 0.17, p = 0.38, n = 28),
language (r = �0.24, p = 0.22, n = 28), and full-scale IQ scores
(r = �0.12, p = 0.53, n = 28).

The mean values of RBC gal-1-p were 0.16 ± 0.21 and
0.41 ± 0.71 in group-I and -II, respectively (Table 2). The mean val-
ues for urine galactitol were 33.94 ± 72.70 and 32.36 ± 45.59 in
group-I and -II, respectively (Table 2). There was no statistical dif-
ference of RBC gal-1-p (p = 0.44) or urine galactitol (p = 0.71) in
group-I and -II.

Comprehensive blood metabolic panel, coagulation studies, and FSH
levels

None of the DG subjects had abnormal liver function at the time
of diagnosis or the study visit. They all had normal PT and PTT
values.

The FSH levels ranged between 1.2 and 6.2 mIU/mL in female
subjects (reference range 0–8) at the time of study visit (Table 2).
There was no statistically significant difference in FSH levels be-
tween group-I and -II subjects (p = 0.84).

Ophthalmologic exam

Complete eye exam including a slit lamp exam for cataracts did
not show any abnormalities in group-I and -II patients at the time
of study visit.

Neurodevelopmental tests

The distributions of the three outcome variables (adaptive, lan-
guage, and full-scale IQ) were found to be normal.

The values of adaptive, language and full IQ tests for group-I and
-II subjects are shown in Table 2.

The groups had statistically significant differences on adaptive
scores (p = 0.027), but not on language (p = 0.99) or overall IQ
scores (p = 0.16).

There were no statistically significant correlations between
maximum change in first year metabolic levels (RBC gal-1-p and
urine galactitol) and developmental outcomes. Similarly, there
were no correlations between metabolic levels (RBC gal-1-p and
urine galactitol) at the study visit and developmental outcomes.

Discussions

Although the biochemical profile of children with DG galacto-
semia suggests a metabolic problem, very little clinical evidence
supports the value of galactose restriction. There have been no for-
mal studies of older DG subjects, but anecdotal assessment of
known older DG subjects suggests that they are normal and that
the condition is benign [10]. The decision to treat with lactose
tosemia: A pilot study of biochemical and neurodevelopmental ...,



Table 1
RBC gal-1-p and urine galactitol levels in subjects with the D/G genotype in the first year of life

Subject GALT
activity*

Genotype Gal-1-p
mg/dL**

2 weeks

Gal-1-p
mg/dL**

1 month

Gal-1-p mg/
dL** 3 months

Gal-1-p
mg/dL**

4 months

Gal-1-p
mg/dL**

6 monhts

Gal-1-p
mg/dL**

1 year

Urine galactitol
mmol/mol Cr***

2 weeks

Urine galactitol
mmol/mol Cr***

6 months

Urine galactitol
mmol/mol Cr*** 1
year

Group-I: lactose restricted diet
1 3.99 Q188R/

N314D
2.31 0.08 0.02 0.03 74 65

2 4.74 Q188R/
N314D

16.04 0.00 0.03 0.01 49 25

3 3.85 K285N/
N314D

10.30 0.09 0.01 0.01 124 2

4 4.2 Q188R/
N314D

0.99 0.05 0.04 0.02 60 2

5 4.9 Q188R/
N314D

0.23 0.10 0.02 0.04 2 2

6 3.89 Q188R/
N314D

29.20 0.28 0.06 0.09 110 134

7 4.65 Q188R/
N314D

26.50 0.06 0.10 0.19 114 74

8 5.27 Q188R/
N314D

0.76 0.06 0.10 0.93 2 26

9 4.29 Q188R/
N314D

1.79 0.01 0.06 0.02 2 2

10 4.41 Q188R/
N314D

0.45 0.30 0.20 0.38 38 38

11 7.9 Q188R/
N314D

0.01 0.01 0.05 0.20 2 2

12 4.28 N314D/
deletion

24.09 0.06 0.04 0.08 129 14

13 4.2 Q188R/
N314D

0.41 0.25 0.02 0.00 2 2

14 4.47 Q188R/
N314D

0.01 0.01 0.04 0.00 4 29

15 7 Q188R/
N314D

10.00 0.11 0.02 0.07 77 26

16 4.5 Q188R/
N314D

28.13 0.06 0.10 0.29 112 16

17 3.9 Q188R/
N314D

0.71 0.05 0.10 0.64 10 58

Mean ± SD 4.73 ± 1.10 8.93 ± 11.30 0.09 ± 0.02 0.05 ± 0.04 0.17 ± 0.25 53.59 ± 49.89 30.41 ± 35.38
Group-II: lactose containing diet
1 3.69 Q188R/

N314D
21.82 18.06 10.06 6.60 4.99 1.32 58 44 53

2 3.89 Q188R/
N314D

15.87 14.89 5.97 4.96 2.35 0.06 92 120 46

3 6.42 Q188R/
N314D

33.80 30.06 8.63 6.20 2.35 0.50 172 72 32

4 4.18 Q188R/
N314D

14.67 15.33 7.34 6.56 3.38 1.60 133 81 36

5 5.64 S135L/
N314D

21.40 13.95 9.82 6.90 2.93 0.38 120 78 56

6 4.27 Q188R/
N314D

17.23 12.94 8.99 5.99 2.94 1.30 82 46 51

7 4.01 Q188R/
N314D

26.41 14.23 9.20 5.20 2.26 0.26 137 78 36

8 3.17 Q188R/
N314D

29.18 18.90 10.16 6.90 5.17 0.46 110 78 71

9 4.78 Q188R/
N314D

19.36 17.80 9.96 6.20 4.80 0.53 54 55 62

10 3.99 Q188R/
N314D

26.24 17.10 11.01 5.54 4.50 0.27 111 48 44

11 4.67 Q188R/
N314D

21.63 16.80 9.11 5.20 4.70 0.04 94 99 23

Mean ± SD 4.42 ± 0.92 22.5 ± 5.88 17.27 ± 4.64 9.11 ± 1.41 6.08 ± 0.70 3.67 ± 1.16 0.61 ± 0.54 105.73 ± 34.93 72.64 ± 23.54 46.36 ± 14.08

* GALT enzyme activity in lmol UDP galactose per hour per gram of hemoglobin. The normal range is 15.9–26.4.
** 1 mg/dL = 38.4 lmol/L.

*** Cr indicates creatinine.
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restriction for only 1 year has been based on (a) higher than normal
level of gal-1-p in the newborn, and (b) the assumption that im-
paired galactose metabolism reflected by the elevated gal-1-p
would correct itself with time.

There is no uniformly accepted standard of treatment for pa-
tients with DG in the United States. While some clinics suggest 1
year of lactose free diet, others do not put any restrictions on lac-
Please cite this article in press as: C. Ficicioglu et al., Duarte (DG) galac
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tose. Gitzelmann and Bosshard [11] advocated adopting a middle
ground with lactose restricted diet for 4 months in subjects where
the initial RBC gal-1-p was greater than 10 mg/dL. After 4 months,
a lactose containing diet (here called ‘‘regular diet”) was initiated.
If the gal-1-p was less than 2 mg/dL on this diet, it was maintained.

With such a wide range of treatment practices, it is important to
verify that children with DG do not have inherent differences in
tosemia: A pilot study of biochemical and neurodevelopmental ...,



Fig. 1. RBC gal-1-p levels in DG galactosemics on lactose restricted (group-I) and
lactose containing (group-II) diets in the first year of life. The box represents the
interquartile range which contains 50% of values. The whiskers are lines that extend
from the box to the highest and lowest values, excluding outliers. A line across the
box indicates the median. Outliers (o) are defined as cases with values between 1.5
and 3 box lengths from either end of the box. Extreme outliers (�) are cases with
values greater than 3 box lengths from either end of the box.

Fig. 2. Urine galactitol levels in DG galactosemics on lactose restricted (group-I)
and lactose containing (group-II) diets in the first year of life. The box represents the
interquartile range which contains 50% of values. The whiskers are lines that extend
from the box to the highest and lowest values, excluding outliers. A line across the
box indicates the median. Outliers (o) are defined as cases with values between 1.5
and 3 box lengths from either end of the box. Extreme outliers (�) are cases with
values greater than 3 box lengths from either end of the box.

C. Ficicioglu et al. / Molecular Genetics and Metabolism xxx (2008) xxx–xxx 5

ARTICLE IN PRESS

Please cite this article in press as: C. Ficicioglu et al., Duarte (DG) galac
Mol. Genet. Metab. (2008), doi:10.1016/j.ymgme.2008.09.005
clinical and developmental outcomes that could ultimately be
attributed to lack of diet restriction. In this study, we examined
the biochemical and developmental outcomes and nutritional sta-
tus of DG children, and compared the outcomes in treated and un-
treated children hoping to shed light on whether such children
benefit from lactose restricted diet after diagnosis.

Biochemical outcomes

We showed that DG newborns on regular diet had significantly
higher levels of RBC gal-1-P, and urine galactitol than those of DG
newborns on diet treatment. Very high levels of RBC gal-1-P grad-
ually decreased without any dietary interventions during the first
year of life. At 1 year of age, untreated DG galactosemics had near
normal levels of RBC gal-1-P and urine galactitol.

DG children on a lactose restricted diet in the first year of life
had normal RBC gal-1-p and urine galactitol levels during infancy.
DG children, who had started a lactose restricted diet before the
confirmatory tests were done, experienced only slightly higher lev-
els of RBC gal-1-p and urine galactitol. However, all children in
group-I, including those who had been on a regular diet for one
or two weeks before starting a lactose restricted diet, had normal
levels of RBC gal-1-p and urine galactitol levels by 1 month of
age. This suggests that these children responded very quickly to
diet treatment compared to patients with classical galactosemia
whose RBC gal-1-p and urine galactitol levels remain higher than
normal regardless of diet. At 1 year of age group-I DG galactose-
mics were started on a regular diet and their RBC gal-1-p and urine
galactitol levels were found in the normal range while on a regular
diet. This suggests that by age one both group-I and -II DG galac-
tosemics were able to metabolize galactose more efficiently.

As our data show, group-II-DG children (those on regular diet)
have elevated galactose metabolites especially during the first 6
months of life (ranging from 22.5 ± 5.8 at 2 weeks to 3.67 ± 1.16
at 6 months) but none developed any symptoms or signs that are
associated with classical galactosemia. In classical galactosemia,
the levels of RBC gal-1-p are usually above 80 mg/dL at the diagno-
sis and, if untreated, are accompanied by severe and sometimes
irreversible damage including liver failure, mental retardation,
and sometimes even death. For years, it has been a puzzle why pa-
tients with classical galactosemia develop long term complications
such as learning disability, low IQ, verbal apraxia, difficulties in
word retrieval, mathematics, handwriting and reading even when
they are started on a lactose restricted diet immediately after birth
[12–15]. While untreated DG children and classical galactosemics
both have elevated levels of gal-1-p during the first year of life, it
is not known why their long term outcomes are so different.

Our data indicate that RBC gal-1-p levels of 30–40 mg/dL mea-
sured during early infancy in DG children may not be as toxic as
previously thought. This suggests that RBC gal-1-p levels alone
are not sensitive indicators of metabolic dysfunction and cannot
explain why classical galactosemics develop such severe sequelae.
Classical galactosemia still remains an enigmatic disease.

Developmental outcomes

The developmental tests indicate that all DG children (group-I
and -II) function within the normal IQ range. There were no signif-
icant differences in language and IQ scores between all DG children
(group -I and -II) at the time they were tested (ranging from 1 to 6
years). This suggests that the initial difference in RBC gal-1-p levels
not only disappears by age one but also has no impact on child-
hood development.

Adaptive scores in untreated DG galactosemics were signifi-
cantly higher than those treated in the first year. The difference
in adaptive but not IQ/developmental or language functioning in
tosemia: A pilot study of biochemical and neurodevelopmental ...,



Table 2
Metabolic, developmental, FSH values and galactose intake in subjects with the D/G genotype at study visit

Subject Age Gal-1-p mg/dL* Urine galactitol mmol/mol Cr** FSH*** Total galactose intake/day Adaptive scores Language scores IQ scores

Group-I: lactose restricted diet
1 3.0 0.038 21 6.2 13173 98 88 101
2 2.5 0.046 25 3.3 18033 100 124 110
3 2.3 0.221 56 1.7 15010 108 129 110
4 3.9 0.036 12 2.2 10599 101 118 120
5 6.0 0.097 11 897 110 118 101
6 3.5 0.275 311 17453 106 100 101
7 3.1 0.135 41 13693 98 116 109
8 4.3 0.041 11 23967 111 100 117
9 4.0 0.250 15 7719 114 128 134
10 3.5 0.151 14 2.2 8935 85 104 105
11 1.3 0.541 11 2.7 20666 124 83 105
12 3.5 0.034 12 1797 97 94 101
13 4.0 0.010 12 7996 87 110 113
14 2.0 0.810 0 18750 74 103 105
15 3.5 0.07 0 7838 81 121 110
16 5.5 0 16 8115 89 116 105
17 4.0 0.020 9 9295 119 108 93
Mean ± SD 3.5 ± 1.16 0.16 ± 0.21 33.94 ± 72.70 2.96 ± 1.49 11996.24 ± 6403.76 100.12 ± 13.74 109.41 ± 13.58 108.24 ± 9.3
Group-II: lactose containing diet
1 5 0.389 123 6.2 25157 106 118 105
2 1.3 2.510 106 3.2 18484 137 121 105
3 2.5 0.436 67 19000 127 86 105
4 2.1 0.010 0 3750 118 112 95
5 1.6 0.48 0 2.6 24079 97 94 105
6 1.0 0.234 0 23511 108 97 90
7 1.0 0.142 13 10504 105 94 115
8 4.0 0.340 33 25000 100 96 100
9 3.0 0.076 0 1.2 15357 94 125 81
10 2.5 0.000 0 2.6 10899 126 136 122
11 1.1 0.000 14 23000 122 124 105
Mean ± SD 2.28 ± 1.3 0.41 ± 0.71 32.36 ± 45.59 3.16 ± 1.85 18067 ± 7144.19 112.41 ± 14.03 109.36 ± 16.53 102.55 ± 11.17

* 1 mg/dL = 38.4 lmol/L.
** Cr indicates creatinine.

*** Only female patients have FSH levels.
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these groups may reflect the influence of other factors (e.g. atten-
tion, impulsivity) that affect real-life functioning but cannot be as-
sessed through standardized testing until a child is older. This
difference may also reflect parent bias in reporting adaptive func-
tioning based on their knowledge of dietary treatment.

Nutritional status

We estimate that the average galactose intake for a typical
American toddler is at least 15,000 mg per day [16]. Study patients
who followed a lactose restricted diet in their first year consumed
less galactose than the average American toddler.

How can we explain why DG galactosemic children who had
been on a lactose restricted diet during their first year of life con-
tinue to have markedly lower levels of galactose consumption
when they were no longer on a restricted diet? We hypothesize
that the explanation is behavioral. It is possible that parents of
DG galactosemics treated with a lactose restricted diet continue
to monitor and limit the galactose intake of their children in the
belief that normal galactose consumption may harm their children.
The very process of labeling children as having DG galactosemia
may shape parents’ long term perceptions of their child’s health
and optimum diet even as our data suggest that there are no long
term benefits of restricted diet even during the first year of life.

At the time of the study visit, some DG galactosemics had
slightly higher levels of RBC gal-1p than normal reference range
but there was no statistically significant difference between two
groups and no significant correlation was found between galactose
intake and RBC gal-1-p levels. Since DG galactosemics have de-
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creased GALT enzyme activity, it is possible levels of RBC gal-1-p
would be higher if they consume too much galactose. Nevertheless,
Schwarz et al. performed galactose loading tests (1 g of galactose
per kg) on a group of DG children and showed that all had an
abnormal rise in gal-1-p and increased excretion of urinary galac-
titol [17]. They concluded that DG infants and children continue to
have impaired galactose metabolism and they stated from their
studies ‘‘it seems possible, therefore, that normally fed Duarte/
galactosemic variant infants may have elevated galactose-1-phos-
phate levels over much of their first months of life.”

Clinical outcomes

None of the DG galactosemics had abnormal liver function tests
at birth or at the time of the study visit. All female patients had a
normal FSH and there was no difference between treated and un-
treated subjects. None of the DG children had cataracts at the time
of the study. There is concern that DG galactosemics may develop
early cataracts but no evidence supports this. In 2003, we reported
a 38 year old DG galactosemic female who developed bilateral pre-
senile cataracts but this could be coincidental since the frequency
of DG genotype is common in the population [18].

Karas et al. reported an association between presenile cataracts
and decreased GALT enzyme activity in individuals who are carrier
for K285N mutation [19]. No reports show that presenile cataracts
are common in DG galactosemics.

In conclusion, our results indicate that the outcomes for DG
galactosemics are good. Lactose restriction in the first year of life
does not appear to make any difference in DG galactosemics’ bio-
tosemia: A pilot study of biochemical and neurodevelopmental ...,
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chemical, clinical, and developmental outcomes up to 5 years. This
suggests (1) the need for future studies in older DG individuals to
assess their cognitive and behavioral skills, for which current tests
in young children could not assess subtle differences, and (2) The
need to consider adjusting the cutoff levels of galactose and GALT
enzyme in order not to detect newborns with DG galactosemia in
newborn screening programs. A future study would determine
the appropriate cutoff levels so as to ensure the efficacy of new-
born screening in detecting classical galactosemia.
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