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Abstract

Purpose: In general, most children on well-planed vege-
tarian diets can achieve normal growth and development. How-
ever, elimination of animal products from the diet decreases the
intake of some essential nutrients, such as calcium and vita-
min D, and may influence bone metabolism. This is especially
important in childhood and adolescence, when growth and bone
turnover are most intensive. The aim of this study was to inves-
tigate the serum concentrations of biochemical bone turnover
markers in prepubertal vegetarian children.

Material and methods: We examined 50 children on vege-
tarian and 50 on omnivorous diets aged 2-10 years. Dietary
constituents were analyzed using a local nutritional program.
Serum bone formation (OC, BALP) and resorption (CTX)
markers were determined by specific enzyme immunoassays
(ELISA) and 25-hydroxyvitamin D by the chemiluminescence
method (CLIA).

Results: The average daily energetic value and the per-
centage of energy from protein, fat and carbohydrates in the
diets were similar in both groups of children and were within
the recommended range. The vegetarian children showed about
a two-fold lower daily intake of calcium and vitamin D than
their omnivorous counterparts. The level of 25-hydroxyvitamin
D in the serum of vegetarian children was also nearly 2-fold
lower compared with omnivores. In vegetarians, as compared
to non-vegetarians, mean serum concentrations of OC, BALP
and CTX were lower by about 20%, 10% and 15%, respec-
tively.
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Conclusion: Our preliminary results suggest that an inade-
quate dietary intake of calcium and vitamin D may impair bone
turnover rate in vegetarian children. The parameters of bone
metabolism should be monitored in these children in order to
prevent bone abnormalities.
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Introduction

Vegetarian diets can be healthy when they are well balan-
ced and if a variety of foods is consumed [1-3]. However,
vegetarian diets with exclusion of nutrients from animal foods
may influence bone metabolism, especially in childhood and
adolescence when growth and bone turnover are most inten-
sive [4-7]. Some authors investigating adult vegetarians have
described that decreased calcium and vitamin D intake resulted
in lower plasma vitamin D concentration and bone mineral den-
sity (BMD) [8-11]. Apart from measuring bone mineral content
and density, biochemical bone turnover markers showing global
skeletal activity have lately been developed and validated for
the assessment of the dynamics of bone formation and resorp-
tion processes. Among them, products of the osteoblast activity
(osteocalcin — OC, bone alkaline phosphatase — BALP), which
are markers of bone formation, and products of osteoclast activ-
ity as markers of bone resorption (collagen type I terminal tel-
opeptide — CTX) are considered to be clinically useful [12,13].

Osteocalcin, the major non-collagenous protein, synthe-
tized by osteoblasts plays an important role in the regulation of
bone growth and in the correct deposition of the minerals in the
matrix. Its expression follows the proliferative phase of osteo-
blastic differentiation, so it can be considered a marker of mature
osteoblasts. Bone alkaline phosphatase located in the plasma
membrane of osteoblasts is one of the isoenzymes of alkaline
phosphatase which plays an active role in bone formation and
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skeletal mineralization. BALP appears in the matrix maturation
phase and is a marker of the middle stage of bone formation.
During bone resorption, a molecule of collagen is degraded
and small fragments are liberated into the blood-stream. The
8-amino acid sequence (Glu-Lys-Ala-His-Asp-Gly-Gly-Arg)
found in the C-terminal telopeptide of the al chain of type I
collagen, which can undergo beta-isomerization, has proven to
be a sensitive marker of the bone resorption process.

Serum levels of OC, BALP and CTX are not stable through-
out life and are greater in infants and children than in adults.
Peak values occur at puberty. Children have significantly
elevated bone marker levels due to high skeletal growth velo-
city and rapid bone turnover during childhood growth [14,15].
Many physiological and pathological processes may influence
bone metabolism resulting in changes in serum concentration
of bone turnover markers. Measurements of these parameters
offer many advantages for investigating skeletal diseases in
children and adolescents as well as monitoring the response to
treatment. Little is known regarding bone metabolism status in
children on vegetarian diets.

The aim of this study was to assess serum concentrations of
biochemical bone formation and resorption markers in prepu-
bertal vegetarian children.

Material and methods

We examined 100 healthy prepubertal children with two
different nutritional habits (vegetarian and omnivorous diet)
who had been referred during wintertime (from November to
February) to the Institute of Mother and Child (Warsaw). None
of the subjects was receiving any medications or had a history
of metabolic bone disease or any serious health problem. The
whole group of investigated children was ethnically homo-
genous. Among them 50 children (23 girls, 27 boys) aged 2-10
years presented at the Department of Nutrition for dietary con-
sultation were vegetarians. In this group there were 28 lacto-
ovo-vegetarians (did not consume meat, poultry, fish, but ate
eggs and dairy products), 4 lacto-vegetarians (excluded eggs),
5 ovo-vegetarians (excluded milk products, but ate eggs) and
13 vegans (excluded all foods of animal origin).

Healthy children (n=50; 25 girls, 25 boys), range age 2-
10 years on an omnivorous diet sent to our laboratory for
routine analytical control were the reference group. The study
was approved by the Ethics Committee of our institution and
informed consent was obtained from parents of the examined
children. Dietary constituents (especially calcium, phosphate,
vitamin D) and nutrient supplementation data were assessed by
questionnaire and calculated using the local nutritional com-
puter program (Dieta2®, National Food and Nutrition Institute,
Warsaw).

Venous blood samples were obtained from fasting patients
in the morning (8-10). Serum was prepared by centrifugation
(1000 g for 15 min at 4°C) and concentrations of calcium and
phosphate were determined by colorimetric methods with com-
mercially available kits from Hoffman-La Roche (Switzerland)
on Cobas Integra analyzer. Remaining serum samples were
frozen at -20°C for the analysis of bone turnover markers and

vitamin D within 2 months. Serum OC was analyzed immu-
noenzymatically using the N-Mid Osteocalcin ELISA Kkits
(Nordic Bioscence Diagnostics, Denmark) which is based on
the application of two highly specific monoclonal antibodies
against human OC by recognising the midregion (20-29 aa) and
the N-terminal region (10-16 aa) of osteocalcin. The sensitivity
of'this assay is 0.5 pg/L, the intraassay imprecision (CV)—3.4%
and the interassay CV — 6.4%. BALP activity was evaluated by
a specific enzyme immunoassay utilising a monoclonal anti-
BALP antibody coated on the strip to capture BALP in the sam-
ple (Alkphase-B kit, Metra Biosystems, San Diego, USA). The
sensitivity of this assay is 0.7 U/L and the intra- and interassay
CVs are below 2.7%. Serum CTX was determined using the
Serum CrossLaps ELISA kits (Nordic Bioscence Diagnostics,
Denmark). This assay is based on monoclonal antibodies that
recognise the beta-aspartate isomerized form of the sequence
(Glu-Lys-Ala-His-Asp-Gly-Gly-Arg) derived from the C-telo-
peptide region of the type I collagen alfal-chain. According to
the manufacturer, the intra- and interassay imprecision (CVs)
are less than 8.1% and the lower detection limit is 0.9 ng/mL.
Serum 25-hydroxyvitamin D was determined by chemilumi-
nescence immunoassay (CLIA) using (DiaSorin kits, Stillwater,
USA). During the incubation, 25-OH vitamin D is dissociated
from its binding protein, and competes with labelled vitamin
D for binding sites on the antibody. The detection limit of the
assay is 7.0 ng/mL, the intra- and interassays CVs are 6.4%
and 3.4%.

All data were presented as mean value + standard deviation
(SD). The Statistica (version 6.0) computer software was used
for statistical analysis. The differences were regarded as statisti-
cally significant at p<0.05.

Results

Vegetarian children were in the same age and had simi-
lar average Body Mass Index (BMI) 15.6+1.4 kg/m? as their
omnivorous counterparts 16.0+1.3 kg/m?. Mean daily energy
intake and the percentage of energy from protein, fat and from
carbohydrates were within the reference range and similar in
both groups (Zab. 1). The daily intakes of calcium and phos-
phate of omnivorous children were in the recommended range
[16]. In vegetarian children the intake of phosphate was ade-
quate and calcium was below the recommended range. Dietary
intake of vitamin D in both groups of the tested children was
very low in according to the recommendations. In vegetarian
children vitamin D intake was about two-fold lower than in
omnivores (p<0.001).

Concentrations of calcium and phosphate in serum were in
the physiological range in all tested children, but the 25-OH
vitamin D level in vegetarians was two-fold lower as com-
pared to that in non-vegetarians (p<0.0001) (7ab. 2). The mean
serum levels of all measured biochemical bone turnover
markers were significantly lower (OC by about 20%, BALP
—10% and CTX — 15%) in vegetarian children in comparison
with omnivores.
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Table 1. Average daily energy and nutrients intake of examined children compared to recommended daily intake

Vegetarian children

Omnivorous children Recommended daily intake*

Energy values (kcal) 1468+409 15914305 1400-1700
Energy from protein (%) 13.1£2.5 14.243.1 12.0-14.0
Energy from fat (%) 30.1+£5.9 30.5+6.5 32.0
Energy from carbohydrates (%) 56.2+£5.9 55.3+7.1 56.0-58.0
Dietary Ca (mg) 559+345 8214+335% 800-1000
Dietary P (mg) 910£337 9494294 800-1000
Dietary vitamin D (ug) 1.37+1.10 2.43+1.38* 10.0

Data are shown as mean values = SD, * p<0.001

* Szotowa W, Socha J, Charzewska J, Dtuzniewska K, Jabtonski E, Kunachowicz H, Rudzka-Kantoch Z, Ryzko J, Stolarczyk A, Weker H.
Dzienne zalecenia zywieniowe dla dzieci i mtodziezy. Ped Pol, 1995; 1: 1-12.

Table 2. Serum calcium, phosphate, vitamin D and bone turnover marker concentrations in vegetarian and omnivorous children

Vegetarian children

Omnivorous children

Ca (mmol/L) 2.35+0.12 2.39+0.15
P (mmol/L) 1.60+0.19 1.73+0.17
25 OH vitamin D (ng/mL) 13.9£7.2 29.84+4.7%**
OC (ug/L) 71.0£20.1 88.9+17.5%*
BALP (U/L) 94.5+21.5 104.5+28.4*
CTX (ng/L) 16974653 1993+300*

Data are shown as mean values £SD; * p<0.01, ** p<0.001, *** p<0.0001

Discussion

Adequate and appropriate nutrition is important for all
individuals, but not all follow a diet that is optimal for bone
health. Calcium and vitamin D are the specific nutrients most
important for attaining peak bone mass and for preventing
osteoporosis [17]. Besides the amount of calcium in the diet, its
absorption is also a critical factor in determining the availability
of calcium for bone development and maintenance. Vegetarians
who consume milk products have intakes of calcium as high as
those of omnivores, but strict vegetarians are at risk of calcium
and vitamin D deficiency [8]. In vegan diets care must be taken
to choose plant foods that are high in calcium, another option is
calcium-fortified food or supplementation.

In our vegetarian children the daily intakes of calcium and
vitamin D were below the recommended values. Serum concen-
trations of calcium in both groups of children were within the
physiological range but vitamin D was two-fold lower in vegetar-
ians. Childhood and adolescence are very important periods for
bone metabolism because most of the peak bone mass is accu-
mulated during these years. Deficiencies in some of the nutrient
components (calcium, vitamin D) together with reduced serum
concentration of vitamin D may retard relevant bone growth and
development. Research data available show that bone mineral
density of the lacto-ovo-vegetarian children was comparable to
the general omnivorous population [18]. However, adolescents
who consumed a vegan diet in early life, demonstrated a lower
relative bone mass than their omnivorous counterparts [19].
Data from the existing literature regarding adult individuals on
vegetarian diets (especially vegans) suggest that low BMD at
clinically important skeletal regions was present [20]. According
to other authors normal bone mass in vegetarians, especially in
lacto-ovo-vegetarians was also observed [21].

To our knowledge there are only two reports presenting
values of biochemical bone turnover markers in vegetarian sub-
jects. Fontana et al. [20] in their study observed similar levels
of CTX and BALP between adult omnivores and 18 vegetarians
(54.2+11.5 years) consuming their respective diet for 3.6 years
on average. In adolescent vegetarians (aged 9-15 years) Par-
sons et al. [22] found also similar values of bone metabolism
parameters as in omnivores. There are no studies regarding
bone metabolism markers in prepubertal children on vegetarian
diets. In our study we detected significantly reduced concentra-
tions (by about 10-20%) of serum bone metabolism markers in
vegetarians compared with omnivores. The examined vegetar-
ian children were on different kinds of diet, but mean values of
bone turnover markers for the vegans and lacto-ovo-vegetar-
ians were not significantly different.

In conclusion, our results suggest that an inadequate dietary
intake of calcium and vitamin D may impair bone turnover rate
in vegetarian children. Further studies of bone metabolism in
children following vegetarian diets with vitamin and mineral
supplementation are needed; this data may assist in deciding
whether supplementation is useful and help to prevent bone
abnormalities in their later life.
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