
INTRODUCTION

Vitamin D is a pro-hormone formed from a metabolite of
cholesterol, involved in the regulation of calcium and
phosphorus metabolism and plays a pivotal role in bone
health. Factors such as age, gender, race/ethnicity,
adiposity will also affect vitamin D status. Serum 25-
hydroxyvitamin D [25(OH)D] is currently considered the
best marker of vitamin D status.1 Sunlight is the best
source of vitamin D, as its presence in food is limited.
Vitamin D deficiency is mainly caused by insufficient sun
exposure or low dietary intake.1,2

Vitamin D deficiency and bone diseases may also be seen
in children and adults with inborn errors of metabolism
(IEM) who consume specialised diets that restrict natural
food sources of vitamin D and calcium, or due to low sun
exposure related to physical disabilities, the use of special
drugs (e.g. anticonvulsants), inflammation and genetic
factors.2 The pathophysiology of diminished bone

mineral density (BMD) in IEM has not been extensively
studied.3

Although many subtypes of IEM require different kinds of
diets, one of the major factor that predispose patients to
insufficient calcium intake, hence osteopenia, is the
restriction of dairy products and other high protein
foods.4 For example, amino acid metabolism disorders
necessitate a protein-restricted diet that should be
carried on for life. For most amino acidopathies including
organic aciduras, phenylketonuria, tyrosinemia etc.,
dietary intervention should be started at the earliest
stage with almost total absence of any natural protein-
source, including dairy amd animal products with
respect to the underlying IEM with the help of protein-
free, or low protein foods and certain amino acid mixtures.

Another subtype of IEM that requires severe dietary
restriction is galactosemia, which is an inherited galactose
metabolism disorder caused by the deficiency of
galactose-I-phosphate-uridyltransferase (GALT) enzyme,
that is responsible for the conversion of galacatose-I-
phosphate to uridine-diphophate (UDP)-galactose.3 If
not treated in the early neonatal phase, the disease may
cause a neonatal toxic syndrome with cataracts and liver
failure, with long-term complications including neuro-
logical deficits and infertility. Treatment consists of acute
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restriction of galactose (with lactose-free formulas in the
neonatal period, and elimination of dairy products after-
wards). Patients with galactosemia may be at risk for
osteoporosis due to dietary deficiencies secondary to
galactose restriction (mainly dairy products), since milk
products are considered to be the best source of dietary
calcium.3

Ingredients of the special formulas used in children with
IEM requiring specialised diet are usually vitamin D
fortified and contain higher amount of vitamin D levels
when compared to infant formulas and breast milk.5

Compliance to the recommended daily allowance (RDA)
of daily protein intake of children with specialise diets is
essential in order to prevent growth retardation and
ensure bone health.3,4

The objective of this study was to determine the serum
25(OH)D concentrations and BMD in children with
specialised diets due to IEM; and the the relationship of
diets with several parameters related to bone health.
The second objective was to correlate 25(OH)D status
with BMD and growth parametres.

METHODOLOGY

The study was a retrospective review of 115 patients
with IEM on specialised diets, carried out in Gazi
University Hospital from March to September 2016.
Information about diets, vitamin D status and BMD
measurement were collected retrospectively. The Ethical
Commitee of Gazi University approved the study.

The records of patients being followed up in our clinic were
retrospectively reviewed. Patients with diseases with
bone involvement or causing any effect on nutritional
status (e.g. malabsorbtion), patients without dietary
compliance, using drugs that interfere with vitamin D
absorbtion and bone metabolism, and who receive
vitamin D replacement were excluded. Demographic
data (age, gender, Tanner stage, ethnicity), anthropometric
measures (weight and height), serum 25(OH)D levels
(most recent one), date of blood drawal, BMD scores
obtained with lumbar and femoral neck DEXA scan and
diets were recorded. The vitamin D levels and BMD
scores of 110 age and sex matched controls without any
dietary restriction were also searched electronically.

Patients were classified into 2 major groups of protein-
restricted diets and dairy-products (lactose) restricted
diets according to the dietary limitations because of
underlying IEM. The diagnoses of patients according to
the latest classification of Society for the Study of Inborn
Errors of Metabolism (SSIEM), are listed in Table I
(www.ssiem.org).

Serum 25(OH)D levels analysed by a high pressure
liquid chromatography tandem mass spectrometry
(HPLC-MS/MS) method were recorded. The values for
vitamin D deficiency and insufficiency were determined

according to the criteria of European Society of
Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN).6 Values below 20 ng/ml (50 nmol/L) were
accepted as deficiency and values between 20 and 29.9
ng/ml (50-74.9 nmol/L) as vitamin D insufficiency. The
cut-off for normal vitamin D levels were >30 ng/ml (>75
nmol/L).

BMD of the lumbar spine and hip was determined by dual-
energy X-ray absorptiometry using LUNAR-DPX technology.
BMD could be applied to children above age 4, since Z
scores could only be obtained in patients above this age.
In children, a Z score that represents age and sex-
matched normative values were used to determine
BMD. The evaluation was based on densitometric
criteria set by the World Health Organization (WHO) for
the lumbar and femoral neck DEXA scan. According to
the International Society for Clinical Densitometry
Official Position definition, a Z-score of -2.0 or lower was
defined as "below the expected range for age," and a
Z-score above -2.0 was regarded as "within the
expected range for age".7

Statistical analyses were performed in SPSS for
Windows V. 11.5. Descriptive statistics were used to
examine 25(OH)D. Mean ± standard deviations were
calculated for continuous variables and median
interquartile range (IQR) for non-parametric continuous
variables. Frequencies with percentages were given for
categorical variables. Shapiro-Wilks was performed to
test normality. Vitamin D concentration (continuous
variable) was compared between groups by using the
non-parametric Mann-Whitney U-test (for two groups) or
Kruskal-Wallis (One-Way Anova) for independent
variables with more than two groups. Chi-square test
was also performed to analyse categorical variables.
Spearman-Rank correlation analysis was used to
examine the association among vitamin D status and
several factors. Results were considered significant at
p <0.05.

RESULTS

The data of 115 patients, including 63 males (55%) and
52 females (45%) were evaluated. Mean age of patients
was 5.55 ±4.47 years. Eighty-three patients received
protein restricted diets (72%) and and 32 received
galactose restricted diets (27%). Mean age of children
consuming protein restricted diet was found to be 5.74
±3.83 years (median: 5) and mean age of children
consuming lactose restricted diets was 5.07 ±3.97 years
(median: 4.25). No differences of age (p=0.133) and
gender (0=0.855) were found between patients receiving
diets and the control group. Diagnoses of patients
included in the study is shown in Table I.

Although serum 25(OH)D analysis and DEXA scanning
for BMD are routinely performed in our clinic in children
with IEM, some patients had missing data due to various
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problems encountered in record keeping (e.g. inaccecibility
of former records).

25(OH)D levels of 97 out of 115 patients were avaliable.
No significant correlations were found between age
(p=0.170), gender (p=0.620) and time of blood drawal
(p=0.573) with 25(OH)D levels. Mean 25(OH)D level
was 28.14 ±14.9 ng/ml among patients with specialised
diets. Levels of 26/97 (26.8%) patients were found to be
deficient (<20 ng/ml) and 33/97 (34%) were found to be
insufficient (20-29.9 ng/ml). Mean 25(OH)D level of
healthy controls was 26.6 ±12.27 ng/ml. The rate of
deficiency and insufficiency in the control group was
25.4% (15/59) and 35.6% (21/59), respecitvely. No
statistically significant differences were found between
vitamin D levels of patients and healthy controls
(p=0.633). 25(OH)D levels of both diet groups were
comparable (29.3 ±15.1, median: 27 ng/ml in the
protein-restricted diet group and 25.15 ±14.2, median:
22.3 ng/ml in the galactose restricted diet group,
p=0.193).

BMD scores of 70 out of 115 patients were available
(60.8%), where 18/70 (25.7%) were below the expected
range for age (<2 SD). Median value of BMD scores of
patients with specialised diets was found to be -1.0 (IQR:
1.8), while the median value of healthy controls was -0.4
(IQR: 0.9). BMD scores among patients with specialised
diets were comparable to healthy controls (p=0.082).
The median BMD scores of protein-restricted and
galactose-restricted groups were -1.32 (IQR: 1.7) and
-0.25(IQR:2.3), respectively. BMD values also did not
show any difference between different diet groups
(p=0.267, Table II).

Anthropometric measures of 112 patients were available
where 11 (9.8%) showed growth retardation (weight and
height under the 3rd centile). No differences of growth

parameters were detected between healthy controls and
patients with dietary limitations (p=0.914).

Among patients with vitamin D deficiency, 7.6% (n=2/26)
showed growth retardation. Mean 25(OH)D levels of
patients with and without growth retardation were 31.1
±18.6 ng/ml and 27.5 ±14.4 ng/ml, respectively. The
relationship between Vitamin D status and growth
retardation was not statistically significant (p=0.503).

Among patients with osteopenia, 38% (n=7/18) showed
growth retardation. The median of BMD scores of
patients with and without growth retardation were -4.9
and -0.6, respectively. Relationship between osteopenia
and growth retardation was found significant (p <0.001).

In this study group, osteopenia was more frequent among
patients with low 25(OH)D levels. Thirty-five percent
(13/37) of patients with vitamin D deficiency showed
osteopenia. The median BMD score of patients with
normal vitamin D levels were -0.9(IQR:1.6) ng/ml, while
the mean BMD score of patients with vitamin D
deficiency was -1.3(IQR:2.6) ng/ml. Despite these
findings, the statistical analysis of 25(OH)D and BMD
relationship did not show any statistical significance
(p=0.693).

DISCUSSION
This study aimed to determine the effects of specialised
diets on 25(OH)D status and BMD in patients with
various types of IEM that require specialised diets.
Patients included in this study were divided into two
groups, amino acid metabolism disorders (consuming
low-protein diet) and carbohydrate metabolism disorders
(consuming mainly galactose-restricted diets).

Studies performed on healthy children have reported
vitamin D deficiency to be 30-51.8% and insufficiency to
be 15-20.7%.8,9 Although, generally being a sunny
country, the prevalance of vitamin D deficiency is high
among children, despite the nationwide vitamin D
supplementation programme, started in 2005, which
consists of 400 IU/day vitamin D supplementation
starting from birth until the end of first year.8 The rate of
vitamin D deficiency in our study group consuming
specialised diets, was similar to the levels of healthy
controls. Also, 25(OH)D levels of both groups with
specialised were comparable, which can be due to
several factors. First of all, the supplementary dietary
products that patients which specialised diets consume
daily (amino acid mixtures or lactose-free formulas), also
provide vitamins, minerals and trace elements, and
permit daily energy and nutrients requirements.11 Those
supplementary products are vitamin D fortified and
contain approximately 18 µg vitamin D in 100 gr of
product. Secondly, since patients included in the study
were physically active, the time that these patients
spend outside; hence, sun exposure can be expected
to be similar to healthy children, which definitely
contributed to their 25(OH)D levels. Although the
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Table I: Diagnoses of patients enrolled in the study.

Diagnosis n %

Amino acid metabolism disorders 83 72

Phenylketonuria 36 31.5

Organic acidurias 27 23.5

Urea cycle disorders 10 8.5

Tyrosinemia 5 4.5

Alkaptonuria 2 1.5

Homocystinuria 3 2.5

Carbohydrate metabolism disorders 32 28

Glycogen storage disease type 1 16 14

Galactosemia 16 14

Table II: Mean 25(OH)D and BMD scores of groups.

Diet (n) Mean 25(OH)D, ng/ml (±SD) BMD 

Median Z score (IQR)

Low-protein (83) 29.35 ±15.1 (27.0) -1.1 (1.7)

Lactose-free (32) 25.1 ±14.2 (22.3) -0.25 (2.3)

Healthy controls (110) 23.27 ±12.1 (21.05) -0.75 (1.7)

p 0.193 0.267



supplementary products are vitamin D fortified, patients
with specialised diets may still be at risk of osteopenia,
since vitamin D deficiency is not the only factor leading
to defective bone metabolism.

In this study population, BMD of patients with specialised
diets and healthy controls were comparable, and also
no difference between BMDs of patients consuming
protein-restricted diets vs. dairy product-restricted diets
could be detected. The effects of specialised diets on
BMD have been previously reported in many studies.10-

18 Although one of the major factors for low BMD in
patients consuming medical food based diets is the low
intake of essential nutrients,11 diets of patients in the
clinic are closely monitored for the content of diet to
meet RDA's for calcium, magnesium, zinc were met in
all patients. We think that the major reason for
comparable levels of BMDs of patients with diets with
healthy controls may be the multifactorial nature of
ethiological determinants of BMD status, such as weight,
muscle mass, physical activity capacity, daily calcium
intake and underlying diseases, as shown in many
studies.13 Similar to the vitamin D levels of patients,
BMD's levels of patients did not show any difference
than healthy controls, that may be due to the physical
activity levels of patients, since children with physical
disabilities were excluded from the study.

BMD of patients with growth retardation was determined
to be lower, when compared to patients with normal
antropometric parameters, similar to previous studies
that have evaluated the commection between body
composition and bone strength,15 suggesting the
importance of screening for osteoporosis in children with
growth retardation.

Many studies in literature, including meta-analyses,
have evaluated the relationship of 25(OH)D levels and
BMD of children with IEM consuming protein-restricted
diets (mainly phenylketonuria), and could not detect any
significant correlation.16-20 Moreover, in this study, no
significatant relationship was detected between vitamin D
levels and BMDs of patients receiving specialised diets.
Although the effect of vitamin D on bone health is well
known, BMD is influenced by many factors including
genetic, environmental and endocrine factors. Especially
for many types of IEM, there is a real need for analysing
and regulating potential contributors to the bone loss
observed in these diseases.

This study has several limitations. Although patient
numbers were adequate, lack of availability of all
parametres evaluated, constrained our study. Moreover,
number of patients could be expanded by including other
kind of specialised diets used in IEM's i.e. low-fat diets
or ketogenic diets, Although only patients with dietary
compliance were included in the study, daily calcium and
natural proten intakes, which are important factors
influencing BMD, could not be standardised, which is a

major limitation. Evaluation of bone health could be
performed in a broader spectrum in respect of bio-
chemical markers.

This study aimed to evaluate vitamin D levels of patients
with certain IEM with dietary restrictions and its
relationship with several factors associated with bone
health. Since the effect of vitamin D on bone health is
well known, vitamin D supplementation is obligatory in
the follow-up of these patients. Attention should be
given, especially to patients with growth retardation, and
supportive care including diet modification, physio-
therapy and promotion of outdoor activities to ensure
sun exposure should be maintained. Further studies
focusing on specific types of IEM's including higher
number of patients with a broader spectrum of patients
to include different kinds of dietary modifications is
required. Furthermore, additional supplementation other
than vitamin D should be considered in patients with IEM
with dietary restrictions (also to the healthy population),
along with calcium supplementation.

CONCLUSION

Low BMD may be encountered in IEM, independent of
vitamin D levels, and revision of diet for adequacy of
essential nutrients; and follow-up for dietary compliance
is inevitable.
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