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Abstract

Introduction: Patients with cow’s milk allergy (CMA) and following a cow milk
protein-free diet for a long time are potentially at risk of developing bone abnor-
malities. To assess the balance between bone formation and resorption processes,
we determined serum concentrations of osteocalcin (OC), bone alkaline phos-
phatase (BALP), C-terminal telopeptide of type | collagen (CTX), fetuin-A, osteo-
protegerin (OPG) and receptor activator of nuclear factor kB ligand (RANKL) in
children with CMA.

Material and methods: The study included 50 prepubertal children with diag-
nosed cow’s milk allergy, who were under systematic medical and nutritional
care at the Institute of Mother and Child and 40 healthy counterparts as a con-
trol group. The concentrations of bone metabolism markers were determined
by immunoenzymatic assays.

Results: The diets of all investigated children were correct in terms of phospho-
rus and magnesium contents but deficient in terms of calcium and vitamin D.
Serum OC and CTX as well as fetuin-A concentrations were similar in both stud-
ied groups. The BALP activity was significantly (p < 0.05) higher in children with
cow’s milk allergy than in the controls. Serum OPG concentration was compara-
ble in both groups, but the RANKL level was higher (p < 0.05) in CMA children than
in healthy ones. Hence, the ratio of OPG/RANKL was lower in children with CMA.
Conclusions: Our study demonstrates slight disturbances in the profile of bone
metabolism markers in growing children with CMA. The increase in RANKL lev-
el and decrease in OPG/RANKL ratio may contribute to intensification of bone
resorption in these patients.

Key words: bone turnover markers, OPG/RANK/RANKL system, fetuin-A, cow’s milk
allergy.

Introduction

The most common food allergens responsible for allergic diseases
among infants and young children are cow’s milk proteins. The cumula-
tive incidence of diagnosed cow’s milk allergy ranges between 2% and 7%
in western societies [1, 2]. The only proven treatment consists of elimina-
tion of cow milk protein from the child’s diet and introduction of formu-
las based on extensively hydrolyzed proteins and soy products [3, 4]. These
formulas may be tolerated differently by children, whose diets are there-
fore sometimes deficient in necessary nutrients. What is more, it may
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adversely affect bone metabolism, especially in the
period when growth and development occur inten-
sively.

Traditionally, the assessment of bone status is
done using densitometry techniques, recognized
as a gold standard. However, these measures do
not reflect the dynamics of bone tissue [5]. Bio-
chemical bone turnover markers showing global
skeletal activity are useful in the assessment of the
dynamics of bone formation and resorption pro-
cesses. Among bone markers, special attention
should be paid to osteocalcin (OC) and bone alka-
line phosphatase (BALP) as indicators of bone for-
mation, and C-terminal telopeptide of type | colla-
gen (CTX) as one of the markers of bone resorption.
Many factors influence the bone marker levels,
such as age, gender, pubertal stage and nutrition-
al status. The widespread applicability of bone
metabolism markers is limited by the availability of
normative data. In contrast to adults, children have
increased bone marker concentrations due to their
skeletal growth velocity and high rate of bone
turnover [6-9].

The overall rate of bone remodeling depends on
the RANK/OPG/RANKL cytokine system. Osteopro-
tegerin (OPG), receptor activator of nuclear factor
kB (RANK) and its ligand (RANKL) are indicators of
regulation of osteoblast and osteoclast activity.
When the balance between OPG and RANKL ex-
pression favors OPG, bone resorption is inhibit-
ed and bone formation dominates, but when it
favors RANKL, bone resorption predominates and
leads to bone loss [10-12]. According to recent
reports, fetuin-A also plays a role in the regulation
of calcium-phosphate balance. This protein, of
hepatic origin, circulates in large amounts in serum,
but is also expressed in bone. Accumulation of fetu-
in-A in bone is high due to strong affinity with
hydroxyapatite, but its effect on bone formation
and mineralization processes is not fully under-
stood. It may act as an inhibitor of the transform-
ing growth factor B (TGF-) and bone morpho-
genetic protein complex. Based on the studies
conducted on adults, it was found that there is
a correlation between serum fetuin-A and bone
mineral density (BMD) [13, 14].

To our knowledge, minimal data exist concern-
ing concentrations of biochemical bone metabolism
markers in children with cow’s milk allergy (CMA)
[15, 16]. No research has been done regarding the
levels of cytokines OPG and RANKL as well as lev-
els of fetuin-A on this group of children. The aim of
this study was to assess the balance between bone
formation and bone resorption processes using bio-
chemical bone turnover markers, and to determine
the relation between OPG and RANKL in the regu-
lation of bone metabolism in children with cow’s
milk allergy.

Material and methods

This study involved children in the prepubertal
period of life. The study group consisted of children
with confirmed cow’s milk allergy who visited the
Gastroenterology Clinic at the Institute of Mother
and Child in Warsaw between July 2010 and June
2012. Cow’s milk allergy was identified based on
generally accepted standards: the presence of clin-
ical symptoms of an allergy, elevated serum-spe-
cific immunoglobulin E, positive results of skin-prick
test, and positive results of open oral milk challenge
test. The children had been on a dairy-free diet for
at least a year and remained under medical and
nutritional care.

The control group matched for age and gender
was recruited from children who had no symptoms
of CMA, or any diseases that might affect bone
metabolism. All the studied children were followed
up as outpatients. They were not taking any bone
sparing drugs and did not have bone fractures. To
exclude the effects of puberty on bone metabolism
markers, only prepubertal subjects were included
in the study.

Anthropometric parameter measurements (weight,
height) were performed for all children and body
mass index (BMI) was calculated using the formu-
la weight (kg)/height (m2). The obtained BMI value
was related to the Polish age-and-gender specific
BMI centile charts and BMI z-scores were calculat-
ed [17]. Dietary intake of macro- and micronutrients
was assessed based on 3-day records including
1 weekend day using the Dietetyk2® computer soft-
ware. The obtained results were compared to the
current recommendations for the supply of essen-
tial nutrients for the Polish population [18].

For biochemical assay peripheral blood was tak-
en in the morning hours. In the serum samples con-
centrations of protein, calcium, phosphate, mag-
nesium and total alkaline phosphatase (ALP) were
measured by standard enzymatic methods using
a biochemical automated analyzer. The level of vita-
min D (as 25-hydroxyvitamin D) was determined
by chemiluminescence immunoassay using kits
from DiaSorin (USA). Intra-and inter-assay preci-
sions of this method were 9.4% and 10.8%, respec-
tively. Remaining serum samples were preserved at
—20°C for later examination. Serum concentrations
of bone metabolism markers were determined
(essentially as described by the manufacturer) by
immunoenzymatic ELISA assay. Levels of BALP and
OPG were measured using available kits from
Quidel (USA), of fetuin-A using kits from Epitope
Diagnostics (USA), and of RANKL (total sSRANKL)
using kits from ImmunoDiagnostics (Germany).
Intra- and inter-assay coefficients of variation of
these methods were lower than 10%. Serum OC
concentration was measured by N-Mid Osteocalcin
ELISA assay (IDS, UK), which detects both the
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N-mid fragment as well as the N-terminal fragment
of osteocalcin in serum. The intra-and inter-assay
coefficients for variation in this method were 4%
and 6.5%, respectively. Serum concentration of CTX
was determined by Serum CrossLaps ELISA assay
(IDS, UK), in which antibodies recognize linear B-octa-
peptides of type | collagen (the intra- as well as
inter-assay coefficient of variation was 4.6%).

Statistical analysis

Statistical analyses were performed using the
Statistica software program, version 10.0 PL. Dis-
tributions were assessed for normality using the
Shapiro-Wilk test. The symmetrically distributed
data are expressed as mean * standard deviation
(SD) and the asymmetrically distributed data as
median with 25t and 75t centiles. Student’s t test
was used to calculate the differences between
means and the Mann-Whitney U test was used to
compare asymmetric variables. Pearson’s or Spear-
man’s rank correlation tests were used to evaluate
the possible relationships between various param-
eters. The statistical significance was set at p < 0.05.

The study protocol was approved by the Ethics
Committee of the Institute of Mother and Child.
Written informed consent was obtained from par-
ents of all examined children.

Results

In total, 90 children aged 3-6 years were recruit-
ed to this study. Among them, the study group con-
sisted of 50 children (17 girls and 33 boys, mean age

4.7 1.3 years, range 3-6 years) with diagnosed cow’s
milk allergy. The patients had different initial symp-
toms: 50% of them had atopic dermatitis, 50%
showed gastrointestinal symptoms, and 50% had
recurrent respiratory tract infections. Some patients
(46%) had only one symptom, while in the others
(54%) different organ systems were affected. The
median age at which cow’s milk allergy was diag-
nosed was 7.5 (3—18) months. They had been treat-
ed with an elimination diet, providing a milk substi-
tute: extensively hydrolyzed formulas in 27 patients
(54%) and soy-based formulas in 23 patients (46%).
The control group consisted of 40 healthy children
matched for age and gender (17 girls, 23 boys, mean
age 4.7 £1.6 years, range 3-6 years) whose diets
included milk and dairy products.

The anthropometric characteristics and nutri-
ent intakes of studied children are summarized in
Table I. Generally, the growth of all children was
correct and there were no significant differences in
body weight, height, BMI index and BMI z-score
between children with cow’s milk allergy and the
controls. Total energy and percentage of energy
from macronutrients in diets of all children were
within the recommended daily intake. The patients
with CMA had a significantly (p < 0.05) lower intake
of fat and higher (p < 0.05) intake of carbohydrate
compared to the controls. The diets of all the inves-
tigated children were correct in terms of fiber, phos-
phorus, and magnesium contents but deficient in
terms of calcium and vitamin D. About 50% of pa-
tients with allergy had dietary calcium intake low-
er than 400 mg/day and vitamin D intake below

Table I. Anthropometric characteristic and dietary intake of children with CMA and control children

Parameter Children with CMA Control children Value of p
n 50 40
Age [years]* 4.7 13 4.7 £1.6 0.9165
Body mass [kg]* 17.4 £3.6 17.5 +4.3 0.8568
Body height [cm]* 108.2 £10.3 108.6 £12.2 0.8479
BMI [kg/m2]* 14.6 £1.5 14.7 1.3 0.7644
BMI z-score* -0.74 +0.89 -0.72 +0.93 0.8646
Dietary intake:
Total energy [kcal/day]** 1374 (1121-1497) 1404 (1145-1585) 0.4819
Protein [%]* 13.4 £2.7 14.5 £2.8 0.0811
Fat [%]* 30.4 £6.8 33.6 +5.3 0.0191
Carbohydrate [%]* 56.5 +8.0 51.9 5.9 0.0411
Calcium [mg/day]** 400 (301-589) 461 (291-621) 0.2849
Phosphorus [mg/day]** 707 (524-872) 702 (603-895) 0.2817
Magnesium [mg/day]* 181.6 +54.6 169.5 +45.7 0.5881
Vitamin D [pg/day]** 5.2 (2.6-6.6) 2.1 (13-2.9) 0.0007
Fiber [g/day]*™ 14.7 (11.1-16.8) 10.9 (9.3-13.5) 0.1379

*Data are presented as mean values + SD, **data are presented as median values and ranges (25-75%).
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Table Il. Serum concentrations of biochemical bone metabolism parameters in children with CMA and in controls

Parameter Children with CMA Control children Value of p
Calcium [mmol/l]* 2.44 £0.11 2.46 +0.09 0.5900
Phosphate [mmol/(]* 155 +0.14 1.58 £0.016 0.4215
Magnesium [mmol/[]* 0.85 +0.06 0.85 +0.05 0.8762
25-hydroxyvitamin D [ng/ml]* 26.7 £8.9 27.7 £9.7 0.6296
ALP [U/l]* 228.5 +51.3 224.3 +41.9 0.6683
BALP [U/I]* 140.8 £30.3 123.7 £21.5 0.0023
OC [ng/ml]** 61.8 (50.6-76.2) 58.3 (46.4-69.3) 0.0922
CTX [ng/ml]** 132 (1.12-1.70) 1.26 (1.09-1.66) 0.8352
Fetuin-A [g/I]* 0.41 £0.09 0.43 +0.11 0.3176
OPG [pmol/I]* 4.27 £1.05 4.45 £1.04 0.4478
RANKL [pmol/I]** 1547 (929-2844) 1262 (996-2782) 0.0485
Ratio of OPG/RANKL* 0.29 £0.12 0.42 £0.23 0.0414

Data shown as mean + SD; *For normal or median and range (25-75%), **for non-normal variables; ALP — alkaline phosphatase, BALP — bone
alkaline phosphatase, OC — osteocalcin, CTX — C-terminal telopeptide of type | collagen, OPG — osteoprotegerin, RANKL — receptor activator

of nuclear factor kB ligand.

5 pg/day. None of the control children were sup-
plemented with vitamin D and only 6 patients with
CMA were supplemented (vitamin D: 200-400 IU).

Serum concentrations of biochemical bone
metabolism parameters in children with cow’s milk
allergy and in their healthy counterparts are pre-
sented in Table Il. There was no significant differ-
ence in serum calcium, phosphate and magnesium
concentrations between both studied groups of chil-
dren. Overall vitamin D status was within reference
values in the majority of the studied children. There
was no significant difference in the activity of total
ALP between patients and controls but activity of
BALP was significantly higher in CMA children
(p < 0.01). Serum concentrations of OC and CTX
were comparable in both groups of children. The
levels of OPG were similar in both groups of chil-
dren, whereas RANKL was significantly higher in
cow milk-sensitive children (p < 0.05). Hence, the
ratio of OPG/RANKL was about 20% lower in chil-
dren with allergy compared to their healthy coun-
terparts. Serum fetuin-A concentrations did not dif-
fer in the two studied groups.

We found positive correlations between dietary
vitamin D intake and serum 25-hydroxyvitamin D
concentrations in children with cow’s milk allergy
(r = 0.4005, p < 0.01) and in the controls (r = 0.4301,
p < 0.01). Additionally, dietary vitamin D intake cor-
relates (p < 0.01) with serum concentration of OPG
in both groups of children (r = 0.3911 in CMA and
r=0.4402, p < 0.05 in control group). In children
with cow’s milk allergy, we observed a relationship
between serum calcium concentration and ALP
(r=0.4746, p < 0.001) as well as BALP (r = 0.4128,
p < 0.01). Moreover, we found positive correlations
between ALP and BALP (r = 0.6250, p < 0.0001 in

CMA children and r = 0.4181, p < 0.01 in controls)
and between OC and CTX (r = 0.5034, p < 0.001 in
CMA children and r = 0.4221, p < 0.01 in controls).
Other parameters did not correlate with each other.

Discussion

Bones are constantly undergoing a remodeling
process that involves hormones, proteins, calcium,
phosphate, vitamin D, and other vitamins and min-
erals. Proper nutrition is important for the acquisi-
tion of peak bone mass, especially in childhood and
adolescence, when growth and development are
intensive. Adequate calcium and vitamin D intake
is important for children, especially those who
might have deficiencies attributable to milk allergy
[19-21]. Despite the active research, evidence on
the association between allergic diseases and bone
status is not consistent. Studies concerning bone
mineralization showed normal or decreased bone
mineral content (BMC) and BMD in patients with
food allergy [22-26]. In a Spanish study, 50% of chil-
dren on a low-milk diet had osteopenia or osteo-
porosis [24]. In the study of Hidvegi et al. [15] about
30% of children with CMA had decreased bone min-
eral density.

Generally, the proportions of energy supplied as
protein, fat and carbohydrate in our studied chil-
dren were in accordance with the recommenda-
tions. However, the patients with CMA had lower
intake of fat and higher intake of carbohydrate
compared to the controls. Our group of children
with CMA was followed carefully by a pediatrician
and nutritionist. In spite of this, signs of inadequate
nutrition were seen. In all the studied children we
observed low intake of calcium and very low intake
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of vitamin D as compared to the recommended val-
ues. About 50% of patients with allergy had dietary
calcium intake lower than 400 mg/day and only 6%
had intake above 800 mg/day. Among the controls,
30% of children had dietary calcium intake lower
than 400 mg/day and 18% of children had intake
above 800 mg/day. It was found that calcium intake
was positively correlated with bone mineral densi-
ty. Henderson et al. [23] observed that BMD z-score
serially increased across the calcium intake from —
0.16 (calcium intake 400 mg/day) to 0.18 (calcium
intake 950 mg/day) and 0.30 when calcium intake
was 1400 mg/day. Dietary calcium interacts with
vitamin D metabolism [27]. Depending on the sup-
ply of vitamin D to the body, calcium absorption
ranges from 10% to 80%. Therefore, an unsatisfac-
tory supply of vitamin D may result in calcium and
phosphate imbalance and, as a consequence, the
development of bone disturbances. About 50-60%
of our children from both groups had low dietary
intake of vitamin D (below 5 pg/day). Only 12% of
CMA patients were supplemented with vitamin D.
Our results are in accordance with other researchers,
who observed deficiency in this vitamin in CMA pa-
tients [25, 26, 28].

Similar to the study conducted by Hidvegi et al.
[15], we did not observe any significant difference
in the serum concentrations of calcium, phosphate
and magnesium between patients and controls.
Overall serum 25-hydroxyvitamin D status was nor-
mal in the majority of the studied children. How-
ever, about 25% of the children from both groups
had an insufficient level of this vitamin (below
20 ng/ml). Thirty-five percent of the children had
appropriate levels of 25-hydroxyvitamin D (above
30 ng/ml). Huang et al. [9] observed significantly
lower levels of bone turnover markers at serum
vitamin D values below 30 ng/ml. The importance
of calcium and vitamin D for bone metabolism is
confirmed by the finding of a correlation between
these parameters and markers of bone turnover in
our study.

Similar to our previous investigations [16], we
observed no significant difference in total ALP, OC
and CTX levels between patients and controls. How-
ever, activity of BALP was significantly higher in
CMA children than in the healthy ones (p < 0.01).
Our findings are partially consistent with those of
a study conducted by Hidvegi et al. [15], who
observed higher serum ALP levels, similar OC and
lower CTX concentrations in children with CMA than
in the controls. Elevated serum BALP activity in rela-
tion to osteocalcin concentration might cause inad-
equate bone mineralization. Therefore we assume
that disturbances in bone formation markers may
affect the skeletal condition of CMA children.

The coupling of bone formation and resorption
is mediated through the RANK/RANKL/OPG path-

way. Osteoprotegerin is considered an important
marker of bone synthesis. Decreased serum OPG
level may indicate higher risk of bone abnormali-
ties. RANKL is related to mature osteoclast activa-
tion for bone resorption and is considered an impor-
tant marker of bone resorption. Lower OPG/RANKL
ratio demonstrates an increase in bone resorption.
The data concerning relationships between OPG
and RANKL concentrations, bone metabolism and
BMD are scarce and fairly ambiguous [29, 30]. In
the study conducted by Xu et al. [31] patients with
rheumatoid arthritis showed significantly higher
serum levels of RANKL, lower serum levels of OPG
and a lower OPG/RANKL ratio compared with the
healthy controls. Similar findings demonstrating
a reduced OPG/RANKL ratio were reported in girls
with anorexia nervosa, which could partly explain
the bone loss that occurs in these patients [32, 33].
No research has been done regarding the levels of
cytokines OPG and RANKL in patients with cow’s
milk allergy. In our study we observed similar lev-
els of OPG and a significant trend towards higher
levels of RANKL in children with CMA compared to
the controls. Hence, the ratio of OPG/RANKL in this
group of patients was lower than in healthy chil-
dren. Increased levels of RANKL could contribute to
the mature osteoclast differentiation, bone resorp-
tion activation and in consequence decrease in
BMD observed in children with food allergy.

According to recent reports, fetuin-A is also
involved in the regulation of calcium-phosphate bal-
ance. This highly pleomorphic protein is truly a sys-
temic regulator of mineralization. Studies on fetu-
in-A deficient mice suggested that this protein
mediates the transport of minerals from the extra-
cellular space and regulates the process of matrix
mineralization in osteoblastic cells [14, 34]. In the
study of Rasul et al. [35] an association of fetuin-
A levels with markers of bone turnover in patients
with type 2 diabetes was observed. There are no
data on the role of fetuin-A in patients with cow’s
milk allergy. In our study, fetuin-A levels did not dif-
fer significantly between the two groups of chil-
dren. This could be due to the fact that our patients
were provided with medical and nutritional care reg-
ularly, had no signs of malnutrition, and anthropo-
metric parameters were comparable with the con-
trols.

It should be noted that this study has some lim-
itations. Firstly, we did not perform densitometric
measurements of BMD in the studied children,
because they were treated with a dairy-free diet for
about one year, which is a significantly shorter peri-
od of time compared to the observations of other
authors [36]. Another limitation is related to the
fact that some people have serum RANKL levels
below the limit of detection. This limited patients
with a calculated OPG/RANKL ratio. In our study
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about 20% of patients with cow’s milk allergy and
10% of healthy children had undetectable levels of
RANKL.

In conclusion, the results of this study suggest
some changes in the profile of biochemical bone
metabolism markers in children with cow’s milk
allergy. The lower OPG/RANKL ratio seems to indi-
cate that some inadequacies exist regarding the
balance between OPG and RANKL, which might
contribute to an increase in bone resorption in
these patients. A careful follow-up of patients with
CMA should include the monitoring of calcium and
vitamin D as well as bone metabolism markers dur-
ing long-term elimination diets. The diets of chil-
dren with CMA should be prescribed individually
according to the foods to be eliminated, and the
nutritional status and age of the child, with even-
tual supplementation.
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