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The need for dietary supplementation of vitamin D during infancy has
been widely accepted, yet rickets remains common even in the most affluent
societies [1]. Several studies have suggested a relationship between childhood
calcium and vitamin D intake and bone mineralization, fractures in adolescents,
and osteoporosis in adulthood; but nutritional requirements and recommenda-
tions for supplementation are controversial. To insure that risk factors for vita-
min D deficiency are well understood and that daily requirements for calcium
and vitamin D for children are recognized, the Bone Club of the European
Society for Paediatric Endocrinology (ESPE) convened a consensus develop-
ment symposium on July 6, 2001.

The Consensus Process

The consensus development panel included pediatric endocrinologists from
ten universities in Europe and the USA. Each of the participants reviewed the lit-
erature on a topic related to pediatric and adolescent vitamin D supplementation,
and these reviews were presented at the consensus symposium. The reviews were
then discussed by the panel and the symposium audience. The discussion was
added to the reviews and the second draft was distributed to the panel members for
comments. The final draft was presented as a consensus statement, and was
approved by all panel members and the Board of the ESPE Bone Club. This state-
ment is a consensus by the panel on the recommendations for prevention and treat-
ment of vitamin D deficiency in the healthy pediatric population as well as at-risk
pediatric populations such as infants and children during accelerated growth
(puberty and catch-up from disease), with chronic diseases, on drug therapy, in
developing countries, of a dark-skinned race and/or living away from the equator.

Definitions

Vitamin D is not a vitamin in the strict definition because it can be pro-
duced by exposure of the skin to sunlight. As such, humans do not have a dietary
requirement for vitamin D when sufficient sunlight is available. However, nutri-
tional vitamin D becomes essential when sunlight is insufficient to meet daily
needs. This has become particularly acute as more people reside in urban cen-
ters where they are exposed to suboptimal levels of sunlight. Ultraviolet light
from the sun is blocked by air pollution, clothes, tall buildings, indoor dwelling,
and sunscreens, and these factors all reduce the ability of the skin to synthesize
vitamin D;. Moreover, people living far north (or south) of the equator obtain
little purposeful ultraviolet radiation during the winter months. Under these
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conditions, vitamin D (and its hormone derivative calcitriol) can be considered
a bona fide vitamin in that it must be supplied in the diet [2].

The World Health Organization has defined the ‘international unit’ of
vitamin Dj; as the activity of 0.025 wg of the international standard preparation
of crystalline vitamin Ds. Thus, 11U of vitamin D; is 0.025 pg, or 65 pmol. The
unit definition of the active metabolite calcitriol was set to be equivalent in molar
terms to that of the parent vitamin Dj;. Thus, 1 unit is 65 pmol of calcitriol, but
as only a small fraction (<<1/1,000) of vitamin D is converted to the active
metabolite, a unit of calcitriol is over 1,000-fold more active than vitamin D
itself. The vitamin D requirements for children or adults have not been precisely
defined. Historically, it was defined on the basis of the vitamin D content
in a teaspoon of fish oil, a quantity shown to be sufficient to prevent rickets.
A more rigorous scientific definition is unavailable. The recommended dietary
allowance (RDA) is the average daily dietary intake level that is sufficient to
meet the nutrient requirements of nearly all (97-98%) healthy individuals in each
life stage and gender group. There is insufficient evidence to establish a RDA
for vitamin D. Instead, an adequate intake (Al), a level of intake sufficient to
maintain healthy blood levels of calcitriol, has been established. The 1998 Al’s
proposed by the Food and Nutrition Board of the Commission on Life Sciences
of the National Research Council are 400 [U/day for infants, 200 IU/day up to the
age of 50, 400 [U/day from age 51 to 70 and 600 IU/day over age 70 [3]. As vita-
min D is endogenously produced and stored in adipose tissue for long periods of
time, it is difficult to determine with exactness the dietary requirements. The
daily requirement is also dependent on the dietary levels of calcium and phos-
phorus, age, sex and skin pigmentation, and exposure to sunshine (table 1).

Nutritional Rickets and Treatment: An Overview

Nutritional rickets can be classified according to the primary metabolic
abnormality into disorders resulting from a decreased availability of vitamin D,
calcium or phosphorus. Vitamin D deficiency rickets occurs most commonly
during two periods in infancy, in the early months of life and during the toddler
period. Vitamin D and 25-hydroxyvitamin D (25(OH)D), which cross the pla-
centa during the last months of gestation, furnish the main vitamin D require-
ment of the newborn in its first months of life. Indeed, vitamin D deficiency
rickets in early infancy is most prevalent in those infants whose mothers have
poor vitamin D reserves due to inadequate diet, dark skin pigmentation, or reli-
gious dress codes that limit/prevent skin exposure. Vitamin D supplementation
of 400 IU/day (10 pg) should be given to all pregnant women who are at high
risk for vitamin D deficiency. It remains to be determined whether vitamin D
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Table 1. Previous recommendations for calcium, phosphorus and vitamin D supple-
mentation in premature infants

a European Society of Pediatric Gastroenterology and Nutrition

Breast-fed Formula-fed (total amount per day)

Calcium, mg/kg up to 180 (milk + supplement) 80-180
Phosphorus, mg/kg up to 17 (added to milk) up to 120
Vitamin D, TU 800-1,600 800-1,600

b American Academy of Pediatrics

Weight 800-1,200 g 1,200-1,800 g
Calcium, mg/kg 210 185
Phosphorus, mg/kg 140 75-120
Vitamin D, [U 500 500
¢ Canadian Pediatric Society
0-7 days 7 days — discharge  Discharge from NICU
from NICU to 1 year of age
Calcium, mg/kg 60-80 160-240 250 (breast-fed)/day
370 (formula-fed)/day
Phosphorus, mg/kg 30-45 75-120 105 (breast-fed)/day
270 (formula-fed)/day
Vitamin D, TU 40-120 400 (800 for 400

(birth weight <1,000g) Blacks and Asians)
40-260 (>1,000 g)

supplementation should be given to all pregnant women or only to high-risk
subgroups. Thus, measurement of serum 25(OH)D levels during the last tri-
mester of pregnancy is recommended in at-risk mothers.

Human milk is an inadequate source of vitamin D [4]. The total vitamin D
and 25(OH)D in human milk equals approximately 12—60IU/1, and thus will not
provide the recommended Al of 4001U/day for infants. To prevent postnatal
rickets in breast-fed infants, especially those of high-risk mothers, vitamin D
supplementation should be started in the neonatal period with a daily intake of
400 IU/day and continued at least until the age of 1 year. Whether supplemental
of vitamin D is required beyond infancy and in older children is still controver-
sial. It is complicated by the fact that mild vitamin D deficiency does not
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manifest itself as clinical rickets but rather as undetected malabsorption of
calcium, elevated parathyroid hormone levels and rapid bone remodeling. Thus,
for at-risk children, the currently recommended dose of 2001U/day would be
less than half the estimated daily requirement to prevent vitamin D deficiency.

Overt vitamin D deficiency rickets can be safely and effectively treated by
daily administration of 2,000—4,000IU of vitamin D. Radiological signs of
healing will usually be evident within 2—4 weeks, whereupon the vitamin D
dose can be reduced to 400 IU/day. Another treatment approach to vitamin D
deficiency rickets has been to administer vitamin D as a single, large dose,
so-called ‘stoss therapy’. The European method in which a single or divided
dose of up to 300,000 IU is administered orally or intramuscularly has been in
use since the 1930s. Higher dose, or stoss therapy in well-nourished children,
may be excessive and result in hypercalciuria and nephrocalcinosis [5].

Nutritional Rickets in Developing Countries

Nutritional rickets remains prevalent in developing regions of the world such
as Africa, the Indian subcontinent, Asia and the Middle East. The prevalence of
rickets is highly variable among these nations and even within different regions
of the same country. Lack of large-scale, epidemiologic studies and heterogene-
ity with respect to genetic, nutritional, lifestyle and socioeconomical status
accounts for this variability. Nevertheless, in these parts of the world, rickets is
among the five most common diseases in children. In Nigeria, 2.4% of children
under 5 had overt rickets and 14.9% had findings suggestive of rickets [6].
In Turkey, rickets was detected in 6% of children under age 3 who presented to
an outpatient clinic for various reasons [7].

Rickets not only causes skeletal system problems but also leads to signif-
icant morbidity through affects on other systems. Children with rickets are
13 times more likely to get pneumonia (‘rachitic pneumopathy’) and almost
twice as likely to die of it even after adjustment for family size, birth order,
crowding and length of exclusive breast-feeding [8, 9].

It is unclear why rickets occurs so frequently in tropical countries with
abundant sunlight [10]. Whereas genetic predisposition may contribute,
lifestyle and the environment have been implicated to explain its occurrence.
These include inadequate dietary vitamin D or calcium intake, darkly pig-
mented skin, inadequate exposure to sunlight due to excessive clothing, remain-
ing indoors due to seasonal, cultural or religious reasons and air pollution.

Dietary calcium deficiency is a major factor contributing to development of
rickets in Africa [11, 12] (table 2). The typical African diet is rich in grains that
contain inhibitors of calcium absorption such as phytates, oxalate, tannates and
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Table 2. Dietary calcium intake (mg/day): recommendations in the USA

Age 1997 NAS 1994 NIH

0-6 months 210 400

6 months to 1 year 270 600

1-3 years 500 800

4-8 years 800 800 (4-5 years)
800-1,200 (6-8 years)

9-13 years 1,300 800-1,200 (9-10 years)

1,200-1,500 (11-18 years)

phosphates. In a placebo-controlled trial, Nigerian children with rickets were
found to have low intake of calcium and responded better to calcium or calcium
plus vitamin D than to vitamin D alone [8]. Rickets due to dietary calcium defi-
ciency has also been described in South Africa and Bangladesh [13—15].

In Nigeria, most rachitic children were moderately malnourished; their
protein nutritional status and growth being better than those of severely mal-
nourished children who grew slower and developed rickets less often [11]. This
is consistent with the fundamental basis of rickets, being a disease of the growth
plate and actively growing children are more likely to develop rickets than are
children whose linear growth is impeded.

Additional risk factors that predispose to rickets in developing countries
include insufficient exposure to sunlight, marasmus, prematurity, prolonged
breast-feeding, no access to nutritional supplementation, type of residence and
lower socioeconomic status. Maternal education level was found to be impor-
tant in some but not all studies [16—19].

In many developing countries, rickets is not limited to infants. In Saudi
Arabia the prevalence of symptomatic rickets is 68/100,000 children years at
age 10-15 years [20] and all adolescents have an inadequate dietary calcium
and vitamin D intake [21]. The median daily sun exposure was estimated at
15 min. Moreover, traditional clothing for women, which covers the entire body
and the face, prevents exposure of the skin to sunlight and explains why more
females develop vitamin D deficiency.

Maternal vitamin D deficiency is also more common in developing coun-
tries [22—-24]. Severe vitamin D deficiency has been identified in 46-80% of
pregnant women and nursing mothers in different regions of Turkey [25].

The dietary vitamin D intake of these women was far below the US Al and
was associated with low socioeconomic status, covered clothing style and a low
educational level. The most important risk factor for low serum 25(OH)D level in
the newborn was low maternal level of 25(OH)D. Measurements of bone mineral
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density revealed osteopenia in 40% of the women with a low serum 25(OH)D
level. Women with osteopenia were from low socioeconomic class and 80% of
them dressed in traditional attire that covered nearly all the skin. Concentrations
of serum 25(OH)D were significantly related to the type of clothing [26].

Prevention of vitamin D deficiency, particularly in breast-fed infants,
requires vitamin D supplementation during the first year of life, and calcium
supplementation may also be necessary to achieve the recommended daily
intake in certain children [27-30].

Breast milk calcium concentration is 340 mg/l compared to cow’s milk
calcium concentration of 1,339 mg/l. However, an average 55% of breast milk
calcium is absorbed whereas only 38% of calcium in cow’s milk or formula is
absorbed. Thus, in general, breast milk is a good source of absorbable calcium.
However, studies in Gambia have shown that breast milk of black mothers con-
tains 22% less calcium than breast milk of white mothers [28]. Dietary calcium
supplementation may influence gestational milk calcium content, but not dur-
ing lactation [31]. Therefore, ensuring adequate dietary intake of calcium and
vitamin D of pregnant women is essential.

Treatment of nutritional rickets in developing countries is essentially the
same as that in developed countries [32]. Parenteral administration of vitamin D
is also effective but is recommended only when diarrhea or malabsorption is
present. Calcium supplementation should also be provided for the first 2 weeks
of therapy to prevent hypocalcemia that can result from rapid skeletal mineral-
ization, the so-called ‘hungry bone syndrome’. Biochemical response, typically
an elevation in serum phosphorus concentration, may be seen as early as 7 days
and radiographic evidence of healing can be noted in 10—14 days.

In calcium deficiency rickets, 1,000 mg of oral elemental calcium is to be
given daily for 6 months, in addition to vitamin D, which can be given as stoss
therapy [11]. Regardless of the type of rickets, siblings of a patient with rickets
should also be evaluated for the presence of subclinical vitamin D deficiency.
Larger population-based studies are needed in each developing country to
establish: (i) the true prevalence of rickets, hence the extent of the problem,;
(i1) specific local risk factors for rickets; (iii) the local intake of dietary vitamin D
and calcium to prevent rickets, and (iv) easy, safe and inexpensive ways of pro-
viding adequate vitamin D and calcium.

Nutritional Rickets in Developed Countries: Racial and Ethnic
Considerations

Children of immigrants who live in developed countries are also at increased
risk for rickets [33]. 42% of Turkish and 23% of Moroccan children living in
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The Hague, The Netherlands, had low serum levels of 25(OH)D, as compared to
an indigenous reference population [34]. Likewise, in the USA, clinical rickets
is common in children who are adopted from the former Soviet Union [35].
Vitamin D deficiency in Asians, whose ethnic origin is from India, Pakistan or
Bangladesh, living in the UK was first reported nearly 30 years ago [36, 37].
Programs to improve life and social conditions, as well as public health initiatives
to provide free vitamin D supplements, have led to declines in the prevalence of
vitamin D deficiency in these ethnic groups [38]. To prevent vitamin D deficiency,
the UK Committee on Medical Aspects of Food Policy (COMA) has recom-
mended that all infants receive 400 IU of vitamin D daily either as part of a multi-
vitamin preparation or contained in fortified infant formula milk. Furthermore,
it recommends that all pregnant and lactating mothers should receive 400U of
vitamin D daily [6, 39]. It also advises that Asian children should be encouraged
to take vitamin D supplements throughout the first 5 years of life. In recent years
there has been a resurgence of vitamin D deficiency in the UK among Asian chil-
dren, however. In addition to skeletal rickets during the first 6-9 months of life,
many infants also manifest symptomatic hypocalcemia, including seizures. Unlike
other reports, which have implicated prolonged and exclusive breast-feeding [40],
many of these infants have been formula fed and several have been receiving
multivitamin supplements. These infants have evidence of severe vitamin D defi-
ciency (serum concentrations of 25(OH)D <8ng/ml), as have the majority of the
mothers who have been tested. Most of these infants were born to mothers who
were themselves born in the UK. These experiences have been mirrored by reports
of severe vitamin D deficiency in infants [41], adults [42] and pregnant women
[43]. The presentation of such cases and others [44] highlights the importance of
maternal vitamin D stores to the developing fetus, as following birth the vitamin
D status of an infant is 60—70% of measured maternal vitamin D levels [45].

A study of 25(OH)D levels in a resident nonpregnant adult population in
the UK shows that in winter, 85% of Asians compared to 3.3% of non-Asians
had 25(OH)D levels <8 ng/ml. Furthermore, even during summer 38% of the
Asians had serum levels of 25(OH)D vitamin D that were <10ng/ml; most
(73%) of these vitamin-D-deficient subjects were women.

Previous studies have attributed vitamin D deficiency in Asian women to
cultural and dietary habits and their infrequent use of vitamin D supplements.
In these subjects, as well as others who do not use vitamin D on a routine basis,
the primary source of vitamin D is skin that has been exposed to ultraviolet irra-
diation of the appropriate wavelength (290-310nm). Importantly, this wave-
length is not present in sunlight in Great Britain (and many other northern
countries) from the end of October to the end of March.

Although inadequate sunlight exposure is not refuted, this is probably not
the only factor. An interesting study undertaken in the USA [46] has shown
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that altered vitamin D metabolism due to markedly increased 25(OH)D,
24-hydroxylase activity may contribute to low 25(OH)D levels in Asian sub-
jects. Thus, it appears there may be a genetic predisposition to vitamin D defi-
ciency in Asians. This suboptimal vitamin D status facilitates the occurrence of
symptomatic vitamin D deficiency when there are increased requirements as in
infancy, adolescence, pregnancy and lactation.

A recent study from Denmark of veiled Moslem women indicated that in
the relative absence of sunlight exposure a dietary intake of 600 IU vitamin D
per day is insufficient to maintain an adequate serum level of 25(OH)D, and
suggested that 1,000 [U/day might be more appropriate for that group [47].
An alternative is to give 1,000 IU/day during the third trimester of pregnancy,
which has been shown to produce normal serum levels of 25(OH)D in both
mothers and infants at term [48]. An alternative proposal is to employ stoss
therapy with administration of a single dose of 100,000-200,000 IU vitamin D
during the 6th or 7th month of pregnancy, which provides sufficient vitamin D
to meet maternal and fetal needs [49].

All Asian infants should be given 400 U vitamin D daily whether breast or
formula fed. Alternatively, if daily compliance is a problem an annual stoss
therapy dose of 150,000 IU vitamin D at the beginning of autumn has been
shown to provide protection against vitamin D deficiency without toxicity [50].
A new public health campaign to initiate these measures and raise the aware-
ness of the risks of vitamin D deficiency amongst Asian, African and Middle
Eastern families will be required.

Nutritional Rickets in the USA

Over the past decade, reports of vitamin D deficiency rickets in infants and
toddlers living in the USA have increased [51-53]. The age at diagnosis for the
96 children described in these and other reports ranged from 3 to 25 months.
All were breast fed and most were dark-skinned. Ninety were African-
American or other dark-skinned individuals and 6 were Caucasian. Of the
6 Caucasians that developed rickets, 1 was kept exclusively indoors [54], 1 had
‘an unusual’ diet [55], and 1 had been switched to unfortified goats’ milk and
received no vitamin D supplementation [56]. Another child received no milk
after discontinuation of breast-feeding at 2 months of age [52].

The largest study described 30 children with nutritional rickets who had been
evaluated during the 1990s at two academic institutions in North Carolina [57].
All children were African-American and had been breast fed (average dura-
tion = 12.5 months). The majority were diagnosed on the basis of skeletal
abnormalities (bowed legs, flared wrists, rachitic rosary, fractures) and/or

Consensus Development for the Supplementation of Vitamin D 267



failure to thrive. Others were diagnosed incidentally or during evaluations for
seizures and developmental delays.

A principal cause for the increasing prevalence of rickets in the USA is
decreased sunlight exposure, which results from increased time spent indoors,
avoidance of direct sunlight, increased use of sunscreens, and air pollution.
Dark-skinned individuals (both mothers and infants) require more sun exposure
(about 6 times more) than light-skinned individuals to produce the same amount
of vitamin D in their skin, and therefore, are at greater risk for vitamin D defi-
ciency. Although recent increases in the number of African-American women
who are breast-feeding is encouraging in many respects [58, 59], it also means
that greater numbers of dark-skinned infants will be at risk of vitamin D defi-
ciency. Regrettably, many physicians fail to prescribe vitamins for dark-skinned
infants, and in one recent study, 16% did not prescribe vitamins for any breast-
feeding infants [57].

Fortification of Food with Vitamin D

Cow’s milk has been fortified with vitamin D in the USA and Canada since
the 1930s, but is not fortified in most European countries [60]. Although infant
formula is vitamin D-fortified, the recent resurgence of exclusive breast-feeding
in these countries has led to an increased incidence of vitamin D deficiency
rickets, especially in Black populations [52]. The content of vitamin D in forti-
fied milk, is highly variable, however. No more than 20% of milk or its prod-
ucts contains the required 400—600IU of vitamin D per quart, and 10.15%
sampled milk does not contain any detectable levels. Several cases of vitamin D
intoxication have been reported that apparently resulted from drinking milk
that had been fortified with excessive amounts of vitamin D [61]. Lastly, the
expense of fortification of food should be considered. It is uncertain, then, if
the situation in countries that provide milk fortification is significantly better
than in countries that provide none at all. Fortification of cow’s milk with vita-
min D should be standardized and monitored to ensure appropriate compliance.

Vitamin D and Preterm Infants

The rapid postnatal growth of premature infants requires attention to pre-
vention of the metabolic bone disease of prematurity. The daily requirements of
vitamin D for the very low birth weight infant have not established by experi-
mental approach. The main etiological factor is inadequate mineral intake
rather than vitamin D deficiency [62]. Even though, a previous European
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recommendation prescribes a very high vitamin D dose in relation to those
infant’s weight [63]. The European Society of Paediatric Gastroenterology and
Nutrition (ESPGAN) recommended a dose of 800-1,6001U/day, while the
American Academy of Pediatrics (AAP) and the Canadian Pediatric Society rec-
ommended 400 IU/day [64, 65]. Several studies indicate that a daily vitamin D
intake of up to 400 IU maintains normal skeletal development and vitamin D
status, while higher dosages may have a potential risk for hypocalcaemia and
subsequent complications [66—68]. A randomized study showed that 200 up to
400 IU vitamin D per day and 9601U/day intake (vitamin D content of used
formula plus supplementation) have no different influence on bone mineral
accretion in preterm infants [69].

There are no data on vitamin D supplementation in ‘extreme’ preterm
infants (birth weight <700 g). The ideal vitamin dose is still controversial. But
a total vitamin D intake of 200 up to 400 [U/day seems to be sufficient for a
normal skeletal development in the premature infant, provided that calcium and
phosphorus intake is adequate.

Vitamin D and Puberty

Although osteoporosis primarily affects the aging population, there is now
a general agreement that failure to achieve peak bone mass at the end of ado-
lescence can increase the risk of osteoporosis later in life. Thus, senile osteo-
porosis can be regarded, in part, as a paediatric disease. Moreover, bone mineral
density and structural strength of bones relate to the risk for fracture at all ages,
including the pediatric age [70]. The balance between the peak bone mass
achieved in the first two decades of life and the subsequent bone loss that
occurs later in life determines osteopenia in the elderly. More than 85% of the
eventual peak skeletal mass is present by the age of 18 years, making childhood
and adolescent bone growth and mineral accretion a critical process [71].
Failure to achieve an appropriate peak bone mass during this critical growth
period results in increased risk of osteopenia and fractures later in life.

During puberty, the rate of longitudinal bone growth exceeds the rate of
bone mass accumulation [72, 73]. This tends to produce a transient but a criti-
cal period of increased bone fragility [74—76] and the incidence of fractures,
particularly in the forearm, increases sharply during puberty.

Factors that may have an effect on bone mass accumulation during puberty
are nutrition, hormones and physical activity. In many studies, variations in
pediatric dietary calcium intake have been shown to have a lifelong effect on
bone mass [75, 77]. A positive relationship was found between milk consump-
tion in childhood and bone mineral density of adult women [78-80]. Among
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other factors, the bioavailability of calcium in food products has to be taken into
consideration [81, 82]. In addition, genetic polymorphisms of the vitamin D
receptor may also influence the response of bone mass to calcium intake [83].
During adolescence, a ‘calcium threshold’ may apply, indicating that intake
below this threshold affects bone accumulation, but a calcium surplus, above
this threshold, does not accelerate the constant accumulation of bone [84, 85].
On the other hand, an increase of bone retention of calcium was reported for
adolescent girls with a high calcium intake [86].

It is possible that the unfavorable effect of suboptimal calcium intake on
bone mass during puberty is masked by the dominant effect of pubertal hor-
mones and physical activity. A multiple regression analysis demonstrated that
pubertal stage and exercise have a greater value in the regression equation than
does nutritional calcium intake [87].

Vitamin D and Chronic Diseases

Because several organs are involved in the synthesis, absorption, activation
and storage of vitamin D, many chronic skin, intestinal, liver and renal diseases
are associated with defective vitamin D supply, activation, or action [88, 89].
Children with chronic diseases — even those that affect organs not directly
involved in vitamin D metabolism — are at increased risk of functional vitamin D
deficiency. Poor dietary intake, a limited sunlight exposure, and reduced adipose
tissue reserves all play a role in the development of vitamin D deficiency in
chronically ill children [90].

Great variability in the frequency of hypovitaminosis D has been reported
in several chronic diseases, such as cystic fibrosis and anorexia nervosa
[91-96]. Differences in patient characteristics (age, nutritional status, physical
function and activity, severity of disease, compliance with supplementation)
and differences in methodological details (season of study, the selected cut-off
values and type of 25(OH)D assays), in part explain the great disparity of
reported prevalence of vitamin D deficiency in chronic disease [97-99]. Beside
ethnic (dark skin pigmentation, genetic) and geographical factors (northern
latitude), differences in clothing, customs and food consumption (i.e. some
foods may be vitamin D fortified or naturally rich in vitamin D) contribute to
the differences observed between countries.

Although overt rachitic bone disease or symptomatic hypocalcemia is
seldom reported in children with chronic diseases, clinical findings related to a
mild defects in mineral metabolism such as muscle weakness, bone pain and
impaired mobility, may be present but overlooked in chronically ill patients. Non-
ambulatory patients with neurological diseases and patients with fat malabsorption
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origin appear at highest risk for symptomatic vitamin D deficiency, while infancy
and adolescence appear the critical periods for developing symptomatic vitamin D
deficiency in the chronically ill child [100, 101]. Lack of sun exposure is an
important factor contributing to the development of low circulating levels of
25(OH)D. Ileal resection in children with inflammatory bowel disease, and
cholestasis (rather than the parenchymal cell disease) in children with chronic
liver disease, are major risk factors for hypovitaminosis D [102, 103]. Vitamin D
deficiency has been reported in several other chronic diseases without malab-
sorption, such as type 1 diabetes, juvenile rheumatic diseases or malignancy, but
the precise predisposing factors have not been identified [104—106].

Although hypovitaminosis D is a concern in children who must restrict
dietary fat, such as familial hypercholesterolemia, or in adolescents with anorexia
nervosa, a condition of self-imposed severe dietary restriction, low serum con-
centrations of 25(OH)D are not a consistent findings [107].

The biochemical profile of subclinical hypovitaminosis D in patients with
chronic diseases is variable, both within and between diseases. A serum level of
25(OH)D that is <25ng/ml is considered low by most experts, and levels that
are <11 ng/ml are clearly abnormal. Serum levels of calcitriol may be normal,
decreased or even increased in patients with vitamin D deficiency. PTH con-
centrations are generally high in patients with low 25(OH)D concentrations
[108], but a ‘normal’ PTH level may be elevated for a specific patient.

Universal vitamin D supplementation for chronically ill children remains
controversial, in part because clinical rickets is rare. Vitamin D supplementa-
tion must not be regarded as only a treatment for symptomatic rickets, but
rather should be considered as a means to optimize bone mineralization during
childhood and adolescence. This is particularly true for children with a variety
of chronic diseases that predispose to vitamin D deficiency, in whom circulat-
ing levels of 25(OH)D remain low despite routine vitamin D supplementation.
Thus, current guidelines (and compliance) for vitamin D supplementation
appear to be inadequate. Nevertheless, in some studies no relationship between
the vitamin D status and the degree of bone mineralization could be established
[109]. These studies highlight the need to determine the relative relationships
of vitamin D deficiency and other, as yet unknown factors, to the development
of defective bone mineralization in children with chronic diseases.

There have been no controlled trials of vitamin D supplementation in the
majority of chronic diseases associated with vitamin D deficiency to establish the
efficacy and safety of a specific supplementation regimen. Furthermore, it may
not be possible to develop a single, standardized vitamin D supplementation reg-
imen for all children with chronic diseases as environmental, genetic and behav-
ioral factors might differ widely between individuals. It is thus difficult to provide
a general evidence-based management plan for most of these chronic conditions.
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In children with a chronic disease that interferes with normal vitamin D
absorption or synthesis, it is reasonable to provide oral vitamin D supplements
at 2-3 times the locally established RDA values. This can be accomplished with
1,200 IU daily or 100,000 IU monthly, but levels of serum 25(OH)D should be
monitored regularly to confirm compliance and to guide adjustment of the dose
of vitamin D supplement. The optimal target level of serum 25(OH)D has not
been established, and it might vary for different patients and with different
medical disorders. Administration of vitamin D metabolites [e.g. 25(OH)D or
parenteral vitamin D] may be appropriate for selected patients who are unable to
maintain normal serum vitamin D levels with oral vitamin D [110]. The ques-
tion of whether calcitriol [1,25(OH),D] supplementation has some/any advan-
tage over vitamin D supplementation in patients with nonrenal diseases remains
to be determined, The value of measuring serum bone markers in the short term
or bone mineral density in the long term is for assessing the beneficial effects on
bone metabolism of the vitamin D supplementation, since several factors influ-
ence bone mineralization in patients with chronic disease, Standard vitamin D
supplementation (400 [U daily or 25,000 IU monthly) might be considered in the
wintertime for all children with a chronic disease associated with impaired bone
mineralization or treated with a medication that can interfere with vitamin D
metabolism [111].

Finally, in addition to vitamin D supplementation, it is important to ensure
adequate intake of calcium in order to prevent or reverse bone mineral loss
(table 3).

Vitamin D and Drug Therapy

Corticosteroids impair bone formation directly through the inhibition of
osteoblast activity [112] and indirectly by decreasing sex steroid secretion [113],
decreasing intestinal calcium absorption [114], increasing urinary calcium excre-
tion [115] and promoting bone resorption due to secondary hyperparathyroidism
[116]. Prevention of corticosteroid-induced osteoporosis can be primary, at the
onset of corticosteroid therapy, or secondary, after low bone density has devel-
oped. In adults as well as in children, there is little evidence to support the use of
high-dose vitamin D in either prevention or treatment of corticosteroid-induced
osteoporosis [117]. Management measures recommended by the Consensus
Group for children requiring long-term corticosteroids can be summarized as fol-
lows: (i) a minimal effective dose of corticosteroids should be use; (ii) prescribe
inhaled or topical steroids where possible; (iii) deflazacort is less damaging to the
bone than prednisolone; (iv) assure adequate daily intake of calcium, vitamin D
and proteins; (v) encourage normal physical activity, and (vi) bone damage is
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Table 3. ESPE Bone Club recommendations for daily requirements of calcium, phos-
phorus and vitamin D in childhood and adolescence

Calcium Phosphorus Vitamin D

mg mg g
Third trimester pregnancy + lactation 1,500 1,500* 400-1,000°
Premature infants 180/kg 140/kg 200-400°
Term — first year 400 3002 200-800°
Childhood 800 800° 0-400°
Adolescence 1,200 1,200? 0-1,000°¢
Chronic disease 800-1,200 800-1,200? 4004
Drug therapy 800-1,200 800-1,200* 0-1,000¢

®Phosphate is present in all food composed of plant or animal cells. In a normal diet there
is no need for supplementation.

*The higher dose is recommended for dark skin complexion and when sun exposure is
limited.

*During childhood and adolescence, vitamin D requirement change with physical activity,
geographical and cultural sun exposure and skin complexion. In all ages, stoss therapy, using
the right dose, is an option.

4An initial dose of 1,200 IU is recommended for malabsorption, to be monitored by serum
25(0OH)D levels.

worst during the initial months of corticosteroid therapy. Consider bisphospho-
nate treatment in cases before severe osteoporosis develops [118].
Anticonvulsants increase the rate vitamin D turnover by the liver and thereby
can induce a relative deficiency of vitamin D. In one recent study of children and
adolescents with cerebral palsy and epilepsy who were receiving high doses of
anticonvulsants, children who were treated with 0.25 pg calcitriol and 500 mg
calcium per day showed a significantly increased bone mineral density of the
lumbar spine as compared to a control untreated group [119]. Recommended
measures include periodic monitoring of serum 25(OH)D, initiation of vitamin D
supplementation with 400 IU/day and subsequent adjustment of dosage accord-
ing to serum level of 25(OH)D and provision of adequate dietary calcium.
Chemotherapy diminishes bone mineral density in some children [120].
Serum levels of osteocalcin, a marker for bone formation, are frequently below the
normal range for age in children with cancer at the beginning of chemotherapy,
and increase into the normal range at 6 months of therapy [121-123]. Levels of
carboxy-terminal telopeptide of type 1 collagen (1CTP), a marker of bone resorp-
tion, are elevated [121], normal [122], or low [123] compared with controls at the
start of chemotherapy, and increase significantly during 2 years of chemotherapy.
Serum calcitriol was below the normal range at diagnosis and throughout 2 years
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of chemotherapy in a number of children [121-123]. Reduced serum levels of cal-
citriol could result from an accelerated rate of cell turnover due to chemotherapy,
leading to increased utilization of vitamin D, or impaired synthesis due to corti-
costeroids [119, 123]. Normal osteocalcin levels in combination with a low serum
calcitriol during chemotherapy indicate appropriate bone formation with ineffec-
tive mineralization, while bone resorption seems to be elevated [124].

Only one intervention study has evaluated vitamin D requirements of chil-
dren treated with high doses of anticonvulsants, and it showed a positive effect
of vitamin D therapy in combination with calcium. Intervention studies with cal-
citriol supplementation are not available in children treated with chemotherapy.
Considering the reduced levels of calcitriol in those children, supplementation
might seem a logical step. On the other hand, bone mineral density is not
reduced in all children treated with chemotherapy, and if there is a reduction it
is not always associated with a low calcitriol levels. Therefore, supplementation
of vitamin D should be considered individually. Prospective controlled trials will
be necessary to determine whether vitamin D supplementation can prevent dis-
turbances in bone mineralization in children on chronic drug treatment.

Conclusions

Having entered the 21st century, there is a consensus that breast-fed infants
and toddlers are at risk for vitamin D deficiency. There is also panel consensus
that all breast-fed infants, regardless of skin color or latitude, should receive
4001U of supplemental vitamin D per day from birth until they are receiv
ing adequate formula or vitamin D-fortified cow’s milk to provide 400 IU of
vitamin D per day. Although nutritional rickets occurs most frequently in dark-
skinned individuals, it is clear that many light-skinned individuals are also
at risk of vitamin D deficiency. As it is difficult to predict whether vitamin D
supplies are adequate based on complexion, lifestyle and estimated sun expo-
sure [125], given the safety of 400 [U of vitamin D per day, it seems reasonable
to recommend vitamin D supplementation to all of these children.

It is apparent that vitamin D obtained through formula feeds or given as a
standard supplement of 400 IU/day is inadequate to overcome the impact of
maternal vitamin D deficiency. It is important to ensure that fetal stores are
optimized by supplementation of at-risk mothers with a daily dose of 400 IU
vitamin D, which should theoretically result in normal maternal concentrations
of 25(OH)D and calcitriol.

The following recommendations are made for prevention of nutritional
rickets. (i) Pregnant women should be encouraged to use sun exposure (hands
and face 15-20 min/day, at least 3 times per week) or fortified dairy products
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to ensure an adequate supply of vitamin D. (ii) Vitamin D 1,000 IU daily or
100,000 IU as single dose should be given at the last trimester of pregnancy to
women with a history of insufficient dietary vitamin D and sunshine exposure
[30, 46]. (iii)) In developing countries, breast-feeding is encouraged up to
18 months especially in calcium deficiency areas to provide enough calcium.
(iv) An adequate calcium intake must be ensured and inexpensive, locally
acceptable food sources of calcium should be provided during weaning period
and thereafter. (v) All infants should receive supplemental vitamin D 400 [U/ day
during the first year of life regardless of the type of feeding. All infants,
children and adolescents should have adequate sunshine (30 min/week clothed
only in a diaper or 2 h/week fully clothed but no hat — dark-skinned children
will require longer exposures for infants). (vi) Dietary calcium and vitamin D
intake of children and adolescents should be raised to suggested guidelines by
consuming fortified food or supplements. (vii) Vitamin D should be administered
directly into the mouth and not added to the milk. Vitamin D is a fat-soluble
vitamin and can adhere on the surface of feeding tubes and bottles.

Measurement of circulating 25(OH)D is the best biochemical parameter
for vitamin D status. The target levels of 25(OH)D for starting and modifying
supplementation need further study; serum levels <11 ng/ml are generally con-
sidered subnormal, but levels <25-30ng/ml may not be adequate to ensure
optimal vitamin D action.

Fortification of milk with vitamin D should be regulated and supervised to
ensure that all milk products (whole milk or reduced fat milk) contains the rec-
ommended 400 IU per quart. Food fortification is not recommended, unless it
can be enforced upon all producers.

Perspectives

There are many open questions regarding vitamin D deficiency. The most
controversial question continues to be whether all or only selected breast-fed
infants should receive supplementation. Some of the research and actions that
need to take place are listed below. (1) The prevalence and scope of vitamin D
deficiency in breast-fed infants and toddlers needs to be determined. It has been
assumed that the cases diagnosed clinically (e.g. significant skeletal deformi-
ties, failure to thrive and/or seizures) are the ‘tip of the iceberg’ and that the
majority of children with vitamin D deficiency have a relatively subtle pheno-
type and, consequently, are not identified. (2) A palatable, inexpensive liquid
preparation delivering the recommended daily intake of vitamin D [126] needs
to be developed. (3) The effectiveness of this daily therapy needs to be docu-
mented. (4) Health policy should be developed to make vitamin D available to
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all breast-feeding mothers, and to ensure analysis of its utilization. (5) Guidelines
will need to be developed that directly and experimentally address the optimal
vitamin D requirements for pregnant women and very low birth weight infants.
(6) Finally, a public health plan to educate the public and physicians about the
effects of vitamin D deficiency and the rationale for supplementation should be
developed. Careful research will be needed to determine the effects of different
educational initiatives on practice policies and the number of women breast-
feeding.

Finally, more studies are required to understand the effect of vitamin D, not
only on the skeletal mineralization and bone strength, but also on muscle strength,
the immune system, gonadal function and the glucose tolerance [127—129].
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