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Abstract Decreased bone mass is frequently encountered
in classic galactosemia, an inborn error of galactose
metabolism. This decrease is most prominent in adults,
but is already seen in prepubertal children with increased
risk of osteoporosis and fractures later in life. Therefore,
bone health in patients with classic galactosemia is
increasingly monitored. Although the pathophysiological
mechanism is still not fully understood, several factors
could negatively affect bone metabolism in this disease.
Patients are at risk of nutritional deficiencies due to the
galactose-restricted diet. Primary ovarian insufficiency
(POI) in female patients also contributes to decreased bone
mass. Furthermore, patients with classic galactosemia might
be less physically active due to motor or neurological
impairments. A disease-specific intrinsic abnormality has
been suggested as well. This revised proposal is an update
of the 2007 recommendations. In this current approach, we
advise comprehensive dietary evaluation, optimization of
calcium intake if needed, monitoring and if necessary
supplementation of vitamin D, hormonal status evaluation
and hormone replacement therapy (HRT) consideration, as
well as a regular exercise and assessment of skeletal
deformities and clinically significant fractures. We propose
bone mineral density (BMD) assessment by serial DXA
scans of the lumbar spine, femoral neck, and total hip in
adults and lumbar spine and total body less head (TBLH) in
children.

Abbreviations
1,25(OH)2D Calcitriol
25(OH)D 25-Hydroxyvitamin D
BMD Bone mineral density
BMI Body mass index
DXA Dual-energy X-ray absorptiometry
HRT Hormonal replacement therapy
IGF-1 Insulin-like growth factor 1
IGFBP-3 Insulin-like growth factor binding protein 3
POI Primary ovarian insufficiency
SD Standard deviation
TBLH Total body less head
WHO World Health Organization

Introduction

Decreased bone mass is frequently encountered in classic
galactosemia (OMIM 230400), an inborn error of galactose
metabolism (Kaufman et al. 1993; Rubio-Gozalbo et al.
2002; Panis et al. 2004; Jumbo-Lucioni et al. 2012;
Waisbren et al. 2012; Batey et al. 2013; Coss et al. 2013).
This decrease in bone mass is most prominent in adults, but
is already seen in prepubertal children (Kaufman et al.
1993; Rubio-Gozalbo et al. 2002; Panis et al. 2004). Since
bone mass increases quickly during puberty and reaches its
peak at the end of adolescence or early adulthood, a low
bone mass at an early age predisposes to osteoporosis and
an increased risk of fractures later in life (Eisman 1999).
Therefore, bone health in patients with classic galactosemia
is increasingly monitored.

Scarce data are available with regard to reduced bone
mass and its clinical relevance in this patient population.
The average reported bone mineral density (BMD) as
assessed by dual-energy X-ray absorptiometry (DXA) in
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adults with galactosemia is more than one standard
deviation (SD) below the mean, and even about 25–30%
of patients have a BMD more than 2 SD below the mean
(Waisbren et al. 2012; Batey et al. 2013), whereas in
pediatric patients with galactosemia, the average is between
0 and �1 SD (Rubio-Gozalbo et al. 2002; Panis et al.
2004). Fracture rates in adult patients with classic galacto-
semia have been reported between 31 and 63% (Waisbren
et al. 2012; Batey et al. 2013), which is slightly higher than
in the general population in which rates between 21 and
53% have been reported for this age category (van Staa
et al. 2001). Only one study addresses the fracture rates in
pediatric patients (Waisbren et al. 2012), and the reported
prevalence of 18% is not higher than in the healthy
pediatric population (Landin 1997).

Although the pathophysiological mechanism is still not
fully understood, several factors could negatively affect
bone metabolism in this disease. Due to the galactose-
restricted diet, patients are at risk of developing nutritional
deficiencies. The primary ovarian insufficiency (POI) with
low estradiol levels in females with galactosemia predis-
poses affected females to decreased bone mass. A disease-
specific intrinsic abnormality such as abnormal glycosyla-
tion of collagen or other glycoproteins involved in bone
metabolism has also been suggested (Kaufman et al. 1993).
Furthermore, the decreased IGF-I and IGFBP-3 concen-
trations that are found in galactosemia patients might be
involved (Panis et al. 2007a).

For classic galactosemia, optimization of exogenous
factors influencing the bone mass is considered the most
important intervention. The latest recommendations regard-
ing follow-up and treatment of reduced bone mass in this
disease date from 2007 (Panis et al. 2007b). Since then,
insights regarding different aspects of bone health have
increased, and there is a need to update and expand the
previous recommendations based on our experience and the
current literature. This proposal shortly reviews the diag-
nostic procedure and recommendations for follow-up
including DXA, dietary evaluation, biochemical markers,
physical activity, and in females supplementation of
estrogen.

Diagnostic Procedures

Dietary Evaluation and Bone Metabolism Markers

A balanced diet sufficient in energy, protein, and micro-
nutrients is a criterion for achieving and maintaining a
high bone mass. Recently, it has been shown that body
weight and body mass index (BMI) correlate with
bone mass in patients with classic galactosemia, emphasiz-
ing the need for monitoring caloric intake in this

group (Batey et al. 2013). Evaluation of food records
or food frequency questionnaires, preferably by a nutrition-
ist, can be used to determine a patient’s general
nutrition status and to assess the completeness of a patient’s
diet.

The galactose-restricted diet predisposes patients to
nutritional deficiencies, including a calcium deficiency.
Dietary calcium intake therefore needs to be monitored, as
is also recommended for other metabolic diseases in which
the bone health is often affected. The recommended daily
dietary calcium intake, which varies slightly per country,
can be used as reference (Table 1).

Adequate vitamin D status, assessed by dietary and
laboratory evaluation, is also required for optimal bone
health. The preferred marker for vitamin D status is the total
25-hydroxyvitamin D (25(OH)D) serum concentration.
Measurement of 1,25(OH)2D is not recommended, since
these concentrations do not reflect vitamin D reserves and
can even be normal or elevated in patients with vitamin D
deficiency due to secondary hyperparathyroidism (Holick
et al. 2011). It is advised to aim for a total 25(OH)D serum
concentration higher than 30 ng/mL (75 nmol/L) in patients
at risk of developing osteoporosis, and this requires a
vitamin D intake of at least 400–1,000 IU/day (Holick et al.
2011) (Table 1).

The importance of vitamin K in acquiring adequate bone
mass remains controversial. Several studies, including one
study in patients with classic galactosemia, have reported
that supplementation positively affects bone mass when
combined with calcium and vitamin D. Panis et al. (2006)
showed that supplementation of vitamin K increased the
concentration of carboxylated osteocalcin, which is
required for the incorporation of calcium and hydroxyapa-
tite in the bone. Braam et al. (2003) found a slower bone
loss in postmenopausal women receiving vitamin K in
combination with calcium and vitamin D. However, there is

Table 1 Recommended dietary allowances of calcium (Institute of
Medicine 2011) and vitamin D (Holick et al. 2011) for different age
groups in case of risk for low bone mass.

Age (years) Calcium (mg/day) Vitamin D (IU/day)

<1 200–260a 400–1,000

1–3 700 600–1,000

4–8 1,000 600–1,000

9–13 1,300 600–1,000

14–18 1,300 600–1,000

19–70 1,000 (M) or 1,200 (F) 1500–2,000

>70 1,200 1500–2,000

a Reflects adequate intake value, since a recommended dietary
allowance value has not been established for this group
M value for males, F value for females
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also evidence that vitamin K does not increase bone mass
(Guralp and Erel 2014).

Other nutrients that might be important for bone
metabolism include zinc, phosphorus, and magnesium.
There have been concerns that soy formula might have a
negative effect on bone metabolism and growth due to its
high phytate content, which causes reduced absorption of
zinc. However, in a recent meta-analysis, zinc serum
concentrations were found to be similar in children who
were fed soy infant formula during infancy compared to
children fed human milk or cows’ milk-based formula
during infancy (Vandenplas et al. 2014). Therefore, soy-
feeding-related zinc deficiency is unlikely and measuring
zinc concentrations is not recommended. Deficiencies of
phosphorus and magnesium are unlikely in a balanced diet,
and therefore, routine monitoring is not advised for patients
at risk of developing low bone mass. However, serum
phosphate and serum magnesium require special attention
when dietary assessment indicates an insufficient diet.
Furthermore, there is some evidence that a high phosphorus
intake, resulting from food additives, combined with a low
or normal calcium intake may have adverse effects on bone
metabolism due to a disturbed ratio of calcium-to-phospho-
rus intake (Calvo and Tucker 2013). However, further
research in this field is required to define adequate
phosphate concentrations.

Other biochemical markers for bone metabolism, includ-
ing carboxylated and uncarboxylated osteocalcin (cOC,
ucOC), bone-specific alkaline phosphatase (BAP), amino
terminal telopeptide (NTX), and carboxy terminal telopep-
tide (CTX), are at this point only recommended in research
settings.

Estrogen Supplementation

In females, hypergonadotropic hypogonadism needs to be
assessed by measuring FSH, LH, and beta-estradiol
concentrations. Estrogen is a powerful inhibitor of bone
resorption via the alpha and beta estrogen receptors on
osteoblasts and osteoclasts, and low levels negatively
influence bone metabolism. Evaluation of these hormones
and referral to a pediatric endocrinologist should start from
the age of 10–12 years (Fridovich-Keil et al. 2011).

Physical Activity Evaluation

Sufficient physical activity is required to achieve optimal
bone mass. The World Health Organization (WHO)
recommends 60 min of moderate- to vigorous-intensity
physical activity per day for children and 150 min/week for
adults. However, this is often not achieved. Furthermore,
patients with classic galactosemia might be less physically
active due to motor dysfunction (Rubio-Agusti et al. 2013)

and less participative in social activities (Gubbels et al.
2011). Regular evaluation of physical activity in patients
with this disease is therefore important, and a standardized
questionnaire, for instance, the Physical Activity Question-
naire for Children and Adolescents (PAQ-C/A), can be used
for this (Janz et al. 2008).

Assessment of Spinal Deformities

Scoliosis and hyperkyphosis are seen in 1–5% of all
children in the general population and seem to be partly
related to reduced bone mass and neurological abnormal-
ities (Altaf et al. 2013). Scoliosis is defined as a lateral
curvature of the spine that is more than 10� on a
conventional X-ray in standing position. A hyperkyphosis
is defined as a kyphosis of more than 45�. We observed a
prevalence of 29% of these spinal deformities in a cohort of
patients with classic galactosemia (n ¼ 24, 14 females and
10 males; age range 13–48 years with a mean of 22 years),
which is surprisingly higher than reported in the general
population (unpublished results). A relationship between
galactosemia and deformities of the spine has not been
reported. It is questionable whether the observation in our
cohort represents a real phenotypical characteristic or
whether it is a coincidental finding. Yet, we advise to
perform physical examination of the spine.

Dual-Energy X-Ray Absorptiometry

The method of choice to evaluate the bone mass is with
dual-energy X-ray absorptiometry (DXA) scans, since this
is a safe and relatively easy method with low exposure to
radiation and low costs. Recently, the 2013 recommenda-
tions of the International Society for Clinical Densitometry
have been published (Schousboe et al. 2013; Gordon et al.
2014). For postmenopausal women and men aged 50 years
or older, DXA scans of the lumbar spine, femoral neck, and
total hip are advised and T-scores are preferred to express
the decrease in BMD. However, in premenopausal women
and men younger than 50 years of age, Z-scores taking into
account age, gender, and ethnicity are preferred. Also for
children Z-scores are preferred and the results should be
adjusted in children with short stature or growth delay.
Measurements of the BMD of the lumbar spine and the
total body less head (TBLH) are recommended in children,
since they yield the most reliable results. DXA scans of the
femur have been proven to be unreliable in children, and
total body scans with the head might give false-positive
outcomes due to the relative large size of the head during
childhood.

In postmenopausal women and men aged 50 years or
older, a BMD T-score � �1.0 standard deviation (SD) is
diagnostic of low bone mass (formerly called osteopenia),
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while a T-score � �2.5 SD is diagnostic of osteoporosis. A
BMD Z-score � �2.0 SD in premenopausal women or
males younger than 50 years of age is defined as a BMD
below the expected range for age, whereas a Z-score
> �2.0 SD represents a BMD within the expected range
for age (Schousboe et al. 2013). In children the diagnosis of
osteoporosis requires either the finding of one or more
vertebral compression fractures or the presence of both a
BMD Z-score � �2.0 SD and a clinically significant
fracture history, meaning two or more long bone fractures
by age 10 years or three or more long bone fractures at any
age up to 19 years. A Z-score � �2.0 SD without a
clinically significant fracture is classified as a low BMD
(Gordon et al. 2014).

Follow-Up and Therapeutic Interventions

Dietary Evaluation and Bone Metabolism Markers

Batey et al. (2013) found that most adults with galacto-
semia do not routinely visit a nutritionist, which might have
implications for their bone health. Since a balanced diet is
important for maximizing bone accrual during adolescence
as well as for maintaining bone mass during adulthood,
regular dietary evaluation throughout life is desirable. We
recommend yearly dietary assessment, preferably by a
nutritionist, with special focus on energy, protein, and
micronutrient requirements. In case a patient’s diet is
suboptimal, enhanced nutritional counseling is essential to
optimize a patient’s general diet taking into account
limitations deriving from galactose restriction. Special
focus on vitamin D and calcium intake is suggested,
including yearly evaluation of total 25(OH)D serum
concentrations. We recommend supplementation of calcium
and vitamin D when intake is lower than the recommended
daily intake and does not normalize despite dietary
optimization. When vitamin D supplementation has been
initiated, more frequent monitoring of 25(OH)D serum
concentrations might be helpful in determining the optimal
dosage. Supplementation of vitamin K might be beneficial
when combined with an adequate intake of calcium and
vitamin D, but currently there is not enough evidence to
recommend the routine use of vitamin K supplements.

Estrogen Supplementation

If evaluation of hormone status indicates hypergonado-
tropic hypogonadism, initiation of hormonal replacement
therapy (HRT) needs to be considered. The decision to start
supplementation during adolescence will have to take into
consideration growth, psychological factors, and bone
measurements. Duration of HRT throughout adult life will

depend on an individual assessment of the possible risks
and benefits.

Physical Activity Evaluation

We advise physicians to assess a patient’s physical activity
and to encourage exercise when evaluation suggests that the
patient does not meet the recommendations. Implementa-
tion of a regular routine of weight-bearing exercise is
recommended, taking into consideration possible physical
limitations.

Assessment of Spinal Deformities

For now, we recommend physicians to evaluate for possible
spinal deformities during routine physical examination. In
case of clinical suspicion, an X-ray of the entire spine with
a Cobb angle is recommended, and subsequent referral to
an orthopedist for extensive evaluation may be considered
(Hresko 2013).

Dual-Energy X-Ray Absorptiometry

It is advised to assess BMD from an early age to ensure that
optimal bone mass is reached in early adolescence. We
recommend the first DXA to be performed at the age of 4
years, or as soon as the child is able to lie still, since a
decreased bone mass can already be present at this early
age. In children the minimum time interval between
subsequent DXA scans is 6–12 months (Gordon et al.
2014). We suggest yearly DXA scanning when BMD is �
�2.0 SD and one DXA scan per 2 years when BMD is
higher. In adults it is advised to repeat a DXA scan one year
after initiation or change of therapy (Schousboe et al.
2013). The interval can be increasingly elongated once the
BMD is stable.

Furthermore, we recommend regular assessment of
fracture history in order to determine whether a pediatric
patient meets osteoporosis criteria and to evaluate the
clinical relevance of a patient’s reduced bone mass. In
patients with frequent clinically relevant fractures, addi-
tional pharmacological therapy needs to be considered.

Conclusion

Our recommendations regarding assessment and follow-up
of decreased bone mass in patients with classic galacto-
semia (Fig. 1):

– Dietary evaluation to assess adequacy of a patient’s
diet.

– Optimization of calcium intake, either improvement of
dietary intake (preferably) or supplements.
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– Monitoring of vitamin D status by dietary assessment
and laboratory measurement of total 25(OH)D concen-
trations. If total 25(OH)D serum concentrations are
<30 ng/mL (<75 nmol/L), intake should be improved
through diet or supplements.

– Hormonal status evaluation in females, in case of
hypergonadotropic hypogonadism HRT, should be
considered. Initiation and duration of treatment should
take into consideration potential harms and benefits.

– Assessment of physical activity using standardized
questionnaires. In case the WHO recommendations
are not met, exercise needs to be encouraged.

– Evaluate for spinal deformities, since these might be
more prevalent in this patient group, and fracture rate
estimation.

– DXA as the tool to monitor BMD. DXA scans of the
lumbar spine and TBLH are advised in children,
whereas for adults DXA scans of the lumbar spine,
femoral neck, and total hip are preferred.
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Synopsis

Bone health assessment in patients with classic galactosemia
includes dietary evaluation, biochemical monitoring (vita-
min D and estrogen status), assessment of physical activity,
skeletal deformities and fractures, and serial DXA scans.

Dietary evaluat ion

Physical act ivity
evaluat ion *

In general: well-rounded diet

Opt imize calcium and Vit D intake
(preferably through diet)

Children: aim for 60 min of act ivity each day

Adults: aim for 150 min of act ivity each week

Evaluat ion
hormonal status Consider HRT**

If < 30 ng/mL(75 nmol/L)
Vit D supplementat ion

Bone mineral
density

(DXA scan) Z-score ≤ -2 SD Z-score > -2 SD

Assessment of
spinal deformit ies

Clinical
evaluat ion

Pat ient at risk for decreased bone mass

BMD below expected
range for age

BMD within expected
range for age

Use T-score

25(OH)D
assesment

Hypergonadotropic
hypogonadism?

In case of suspicion: X-ray
ent ire spine with Cobb angle

Children: lumbar spine
and TBLH

Adults: lumbar spine,
total hip, femoral neck

Postmenopausal
women, men +50

Cont inue preven�on
Repeat DXA in 2 years

Prolong interval when
situat ion is stable

Con�nue preven�on
Repeat DXA in 1 year

Fracture assessment

In case of clinically
relevant fractures

consider
pharmacological

treatment

* For example using the PAQ-C/A

** In adolescents consider growth and psychological factors

In adults consider all poten�al benef its and risks

Fig. 1 Flow chart for the follow-up of bone health in patients with classic galactosemia
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