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Abstract Decreased height and weight in treated children
with classical galactosemia have been reported. However,
growth has not been extensively studied. Patients might be
at risk for an abnormal growth because of either disease-
related intrinsic factors or diet-related factors. The objective
was to gain insight in growth in treated children and
adolescents with classical galactosemia. The studied popu-
lation was a previously reported group of 40 classical
galactosemia children. Prenatal growth was evaluated using
length, weight and head circumference (HC) data from
welfare centers or parents. Postnatal growth was evaluated
using three height and weight measurements at baseline, 1
and 2 years to calculate growth velocities. Height Z-score
was also corrected for target height Z-score (height Z-score
divided by target height Z-score). Linear regression analysis
was performed between growth velocities, IGF-I, IGFBP-3,
dietary intake and galactose-1-phosphate-uridyltransferase
activity. We found normal length (median 50.5 cm), weight
(median 3,255 grams) and HC (median 33.9 cm) at birth.
Mean height growth velocity was 0.87±1.2 for boys and
−0.89±2.1 for girls, and mean weight growth velocity was

0.91±1.6 for boys and −0.74±1.3 for girls. Mean height
corrected for target height was −1.5±0.9 in girls and −0.6±
0.7 in boys. Height growth velocity was correlated with
IGF-I (Pearson correlation= 0.499), IGFBP-3 (Pearson
correlation 0.4) and height Z-scores corrected for target
height Z-scores (Pearson correlation=0.550). Five children
grew beyond the age of 18 years. In conclusion, prenatal
growth was normal but postnatal growth was affected.
Predicted final height is less than target height in most
patients; however, target height might be reached for the
children who grow beyond the age of 18. Decreased IGF-I
and IGFBP-3 and or suboptimal hormonal replacement in
girls might play a role.
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Introduction

Classical galactosemia (Mc Kusick 230400) is caused by
the deficiency of galactose-1-phosphate-uridyltransferase
(GALT, EC 2.7.7.10), the enzyme that converts galac-
tose-1-phosphate to uridine-diphosphate-galactose. Affect-
ed children usually present after ingestion of galactose
with a neonatal toxic syndrome. Treatment consists of
life-long dietary restriction of galactose. Soy products are
used as substitute for cow-milk products.
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Decreased height in childhood and early adolescence has
been reported in treated galactosemia patients [6, 7]. In our
study cohort of 40 classical galactosemia children and
adolescents, we previously found two children with height
<−2 SD scores. In 17 patients, the difference between actual
height Z-score and mid-parental target height Z-score was
>1.3 SD score (1.3 SD score is regarded as the normal
target range) [4]. However, growth has not been extensively
studied. The objective of this study was to evaluate growth
in children and adolescents with classical galactosemia
under dietary treatment.

Patients and methods

Study population

Growth was evaluated in a previously reported group of 40
Dutch children and adolescents (13 boys and 27 girls,
median age 7.8 years, range 3.0 to 17.3 years) with classical
galactosemia [3, 4]. All patients were of Dutch origin.
Diagnosis in all children had been established in the
neonatal period by GALT enzymatic studies in erythrocytes
and/or by mutation analysis of the GALT gene. Thirty-one
patients were prepubertal (Tanner 1). Two patients had
Tanner stage 2, one patient had Tanner stage 4, and six
patients had Tanner stage 5. Height, weight, weight-for-
height, IGF-I and insulin-like growth factor binding
protein-3 (IGFBP-3) Z-scores and height Z-score, when
compared to mid-parental target height Z-score, had been
found decreased. Furthermore, lean tissue mass and fat
mass had been found decreased [3, 4]. Median erythrocyte
GALT activity was 0.37 μmol/hr.gHb (range 0–0.6;
reference range, mean 32.8±5.4 μmol/hr.gHb). All patients

followed a galactose-restricted diet, used soy as substitute
for dairy products, and had an adequate physical activity
pattern. Urinary galactose and galactitol concentrations and
galactose-1-phosphate levels in erythrocytes of all patients
(markers for diet compliance) were within the range of
treated patients. Dietary intake was assessed by means of a
food frequency questionnaire adapted for galactosemia and
a 3-day food diary. It was assessed every year. None of the
patients had a known concomitant disease that could affect
growth. At the end of the study period, seven girls were
treated with estrogens to induce puberty. There were no
patients with untreated delayed puberty.

Prenatal growth

Data on height, weight and HC at birth were collected from
infant welfare centers and or parents. Results were
corrected for gestational age and expressed in centimeters
for height and HC, in grams for weight, and in Z-scores. Z-
scores were derived by subtracting the mean value of an
age- and gender-matched Dutch reference population from
an individual score, and then dividing the difference by the
SD of the reference population [1].

Postnatal growth

Height (expressed in cm) and weight (expressed in kg) of
all patients were assessed when undressed at baseline and
after 1 and 2 years by a single observer. Height and weight
growth velocities over the 24-month period were calculated
(difference in height divided by time span) and expressed in
cm/yr and kg/yr respectively and in Z-scores [1]. Height Z-
score was also corrected for target height Z-score (height Z-
score – target height Z-score).

Table 1 Descriptive characteristics, IGF-I Z-and IGFBP-3 scores and dietary intake data of the boys and girls [3, 4]

boys p-value Girls P-value

Number 13 27
Age (year) 9.2 (4.1 to 16.8) 6.3 (3.0 to 17.3)
Height Z-score −0.3±0.5 (−0.9 to 1.1) 0.09 −0.9±0.6 (−2.0 to 0.1) <0.001
Weight Z-score −0.7±0.7 (−1.9 to 0.5) 0.004 −1.1±0.6 (−2.3 to 0.1) <0.001
Weight for height Z-score −0.5±1.3 (−2.4 to 2.6) 0.15 −0.6±1.1 (−2.9 to 1.5) 0.011
IGF-I Z-score −0.01±0.8 (−1.6 to 1.7) 0.95 −1.1±0.9 (−2.7 to 0.4) <0.001
IGFBP-3 Z-score 0.3±0.9 (−0.9 to 2.0) 0.35 −1.0±1.3 (−3.0 to 2.0) 0.001
Mid-parental target height Z-score 0.6±0.7 (−0.6 to 1.6) 0.007 0.4±0.5 (−0.5 to 1.5) <0.001
Soy (mg/kg/day) 504 (58 to 2258) 643 (0 to 1248)
Protein (g/kg/day)* 2.4 (1.4 to 6.0) 2.5 (0.7 to 4.7)
Energy ** (calories/day) 2197±566 (1528 to 3390) 1846±484 (1077 to 2942)

Data are given as mean ± SD and as median for age, soy and protein intake. Minimal and maximal values are shown in parentheses.
One-sample t-test indicates that height, weight and IGF-I Z-scores for children with classical galactosemia are lower compared to the
reference population at the given p-value. Paired samples test showed that mid-parental target height Z-score was higher when compared
to actual height Z-score at the given p-value. IGF-I: insulin-like growth factor-I, IGFBP-3: insulin-like growth factor binding protein-3.
Recommended dietary allowances for *protein: 0.9 to 1.45 g/kg/day and for **energy: approximately 1400 to 2850 calories/day.
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Statistical analysis

Normally distributed metric data were expressed as means
and SD scores, or as median values with ranges. When
metric variables were normally distributed, one-sample t-test
was used to test differences with the reference population.
Linear regression analysis was carried out between growth
velocity data, IGF-I and IGFBP-3 Z-scores, dietary intake
(soy, protein and calories) and GALT activity. In order to
account for the longitudinal character of the study, ‘patient’
was used as a random factor for the analysis of the growth.
A P-value <0.05 was considered statistically significant. All
analyses were done with SPSS-pc, version 11.5.

Results

Study population

Descriptive characteristics, IGF-I and IGFBP-3 Z-scores
and dietary intake data are shown in Table 1.

Prenatal growth

Prenatal growth data corrected for gestational age were
within reference ranges (Table 2).

Postnatal growth

Mean height growth velocity in the 2-year study period
expressed in Z-scores was 0.87±1.2 (range −0.4 to 3.6) for
boys and −0.89±2.1 (range −2.5 to 3.7, p=0.047) for girls.
Mean weight growth velocity in the 2-year study period
expressed in Z-scores was 0.91±1.6 (range −0.8 to 4.2) for
boys and −0.74±1.3 (range −3.1 to 2.3, p=0.008) for girls.
Height and weight growth velocities were decreased in girls
in contrast to boys (Figs. 1 and 2). Mean height expressed
in Z-scores corrected for target height Z-scores (height Z-
scores − target height Z-scores) was decreased in both
genders, girls (−1.5±0.9, p<0.001) being more affected than
boys (−0.6±0.7, p=0.015). Four boys and one girl grew
beyond the age of 18 years. Height growth velocity was

correlated with IGF-I Z-score (Pearson correlation=0.499,
p=0.002), IGFBP-3 Z-score (Pearson correlation=0.4,
p=0.014) and also with height Z-scores corrected for target
height Z-scores (Pearson correlation=0.550, p<0.001).
There was no correlation between height and weight growth
velocities and dietary intake (soy, protein and calories) or
GALT activity.

Discussion

Growth was studied in a group of 40 galactosemia patients.
We found a normal prenatal growth in boys and girls, and
decreased height and weight growth velocities in girls.
Mean height corrected for target height was decreased in
both genders, girls being more affected than boys. Five
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Fig. 1 Height growth velocities in boys and girls with classical
galactosemia

Table 2 Prenatal growth

Data are given as medians.
Minimal and maximal values
are shown in parentheses. HC
head circumference

Total group Boys Girls

Weight at birth (g) 3255 (2430 to 4150) 3220 (2430 to 4150) 3290 (2690 to 3990)
Weight at birth Z-score 0.2 (−2.0 to 2.6) 0.0 (−2.0 to 1.4) 0.5 (−0.8 to 2.6)
Length at birth (cm) 50.5 (49.0 to 52.0) 51.0 (50.0 to 52.0) 49.5 (49.0 to 50.0)
Length at birth Z-score 0.3 (−0.3 to 0.7) 0.3 (−0.2 to 0.7) −0.1 (−0.3 to 0.2)
HC 33.9 (32.4 to 36.4) 33.0 (32.4 to 35.4) 33.9 (33.0 to 36.4)
HC Z-score −0.1 (−1.3 to 1.6) −0.13 (−1.3 to 1.2) −0.1 (−1.3 to 1.6)

Eur J Pediatr (2007) 166:443–446 445



children grew beyond the age of 18 years. Height growth
velocity was correlated with IGF-I Z-score, IGFBP-3 Z-
score and with height Z-score corrected for target height Z-
score. Predicted final height was less than target height in
most patients, but target height might be reached if children
grow beyond the age of 18 years.

Decreased height in childhood and early adolescence has
been reported in treated galactosemia patients. Waggoner et
al. studied height-for-age and weight-for-height data of
treated galactosemia patients aged from 2 weeks to 37 years
[7]. They found decreased height-for-age and weight-for-
height. Final height was within normal limits as growth
continued through the late teens; however, height was not
related to target height. Schweitzer et al. studied weight,
height and head circumferences (HC) of 78 patients with
galactosemia aged from 9 months to 33 years [6]. They
found decreased weight and height. Ten out of 78 patients
were microcephalic at time of assessment, although it is not
documented whether HC was corrected for length. They
concluded that growth was normal for most patients, but
did not include predicted target height in their evaluation.

Data on prenatal growth in classical galactosemia are
contradictory. Hsia et al. found reduced birth weight in
affected neonates when compared with their unaffected sibs
[2]. Waggoner et al. could not confirm this observation [7].
We find normal weight, length and HC at birth, making

prenatal growth disturbances unlikely, but did not compare
birth data with unaffected sibs.

Longitudinal height growth velocity was abnormal in
girls with ovarian dysfunction receiving estrogen replace-
ment therapy, and might partly reflect suboptimal supple-
mentation. The fact that some children grow beyond
puberty may be due to delayed puberty.

Possible risk factors for an abnormal growth are either
intrinsic or diet-related factors. Normal growth is under
hormonal influence, IGF-I being very important [5]. In this
limited group of patients, we found decreased mean IGF-I
and IGFBP-3 concentrations [4], which may play a role in
the decreased growth. Height and height velocity in this
group of patients might also be influenced by their soy diet.
In this group of classical galactosemia patients, however, no
relationship was found between growth velocity data and
soy dietary intake.

In conclusion, growth studied in this limited group of
classical galactosemia patients reveals normal prenatal
growth and decreased height velocity in girls. Mean height
corrected for target height was decreased in both genders.
Predicted final height is less than target height in most
patients; however, target height might be reached for the
children who grow beyond the age of 18. Decreased IGF-I
and IGFBP-3 might play a role.
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Fig. 2 Weight growth velocities in boys and girls with classical
galactosemia
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