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Vitamin D deficiency in exclusively breast-fed infants
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Exclusive breast-feeding is recommended up to 6 months of age with all its beneficial effects on
child survival. Several studies have concluded that adequate intake of vitamin D cannot be met
with human milk as the sole source of vitamin D. As breast-feeding rates increase, the incidence of
vitamin D deficiency rickets is also expected to rise. One of the potential sources of vitamin D
synthesis is in the skin from the ultraviolet rays of sunlight. Risk factors for developing vitamin D
deficiency and rickets include low maternal levels of vitamin D, indoor confinement during the
day, living at higher altitudes, living in urban areas with tall buildings, air pollution, darker skin
pigmentation, use of sunscreen and covering much or all of the body when outside. In a study of 50
cases of hypocalcaemia reported from an urban tertiary care children’s hospital in Chennai, 13
exclusively breast-fed infants presented with hypocalcaemia due to vitamin D deficiency and most
of them with seizures. None of them had received vitamin D supplementation and all their mothers
had biochemical evidence for vitamin D deficiency. This review discusses the rising incidence of
vitamin D deficiency in infancy and the need to consider and implement methods to prevent the
same by supplementation and increased exposure to sunlight without the hazards of ultraviolet
rays on the skin. Further research to define the magnitude of vitamin D deficiency in exclusively
breast-fed infants as a public health and paediatric problem and to recommend programmes to
prevent the same are of utmost importance.
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Introduction The increase in the practice of breast-feeding,
6associated with the belief that “breast is best” and that

months of age with all its beneficial effects on child Preast milk does not require supplementation because
survival. Globally as many as 1.45 million lives are IS @ baby’s “perfect food,” may lead to decreased 25-
lost due to suboptimal breast-feeding in developing hydroxy vitamin D(25-OHD) intake from other sources
countries. WHO analysis of childhood deaths has listeq@"d thereby causing rickets. In this review, we have
suboptimal breast-feeding as one of the most powerful@ttempted to discuss the reasons for the increase in
shared risk factors and estimated that 1.3 million deathsvitamin D deficiency in exclusively breast-fed infants
can be prevented in 42 high mortality countries by and outline the clinical manifestations, management
increasing the level of breast-feeding amongst infants and strategies for prevention of this nutritional disorder.

Exclusive breast-feeding is recommended up to
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Recommended daily allowance of vitamin D

An intake of 200 IU/day of vitamin D has been
recommended for normal infants, children and
adolescents The appropriate daily allowance of
vitaminD during pregnancy and lactation is unknown,
although it appeats be greater than the current dietary
reference intake of 200-400/day. However, an earlier
published review of vitamin D supplementatéring
pregnancy concluded thhere is not enough evidence
to recommend the appropriate requirements#edts
of vitamin D supplementation during pregnahcy

Prevalence and risk factors for deficiency
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mothers. Preterm infants [20-30% of very low birth

weight (<1500 g) and 60-75 per cent of extremely low
birth weight babies (<1000 g)] are at risk of developing
osteopaenia of prematurity due to poor intestinal
absorption of calcium and impaired conversion of
vitamin D into its active metabolites and their serum
vitamin D levels are usually low or borderlthd=inally,

the lack of adequate training of physicians in a rickets-
free era coupled with the lack of adequate
recommendations for vitamin D supplementation by
professional organizations may also contribute to the
development of rickets in exclusively breast-fed

babied’.

It has been postulated that the incidence of vitaminBreast-feeding and vitamin D deficiency

D deficiency rickets will increase if breast-feeding rates

increasé& The prevalence of hypovitaminosis D in

exclusively breastfed infants has been reported to b

82, 52 and 20 per cent from UAPakistahand China

respectively but there is a paucity of data from India
regarding the same. The vitamin D stores of the
newborn depend entirely on the vitamin D stores of the

mother. Hence, if the mother is vitamin D-deficient,

the infant will be deficient because of decreased

maternal foetal transfer of vitamirfDr'here are reports

suggesting that the bone mass of the newborn is relate

to the vitamin D status of the motheimpaired foetal

bone ossification in association with maternal vitamin

D deficiency has been reportédThe risk factors
associated with low maternal 25-OHD include low

It has been estimated that breast milk from a vitamin

eD replete mother contains between 20 and 60 U/l of

vitamin D' and hence adequate intake of vitamin D
cannot be met with human milk as the sole source of
vitamin D in a breast-feeding infaht’ In a study by
Rothberget aF°, lactating mothers were administered
daily supplements of 500 and 1000 IU of vitamin D
from delivery and in spite of this, 25-OHD levels of
their infants measured at six weeks were not altered. In
8ontrast, daily supplements of 400 IU of vitamin D to
Infants significantly increased the 25-OHD levels at six
weeks. A study from Finladthad concluded that when
the mothers were supplemented with 2000 U of vitamin
D, their infants had 25-OHD levels similar to those

receiving daily supplements of 400 IU of vitamin D

educational level, insufficient intake of vitamin D in indicating that it is more efficient to supplement infants

diet and dressing habitsln addition, air pollution may .
decrease the ultraviolet light exposure and therebyrather than their mothers.

vitamin D production by the skin. In a study from India, A study from Chin&, had observed that daily
enrolling 9-24 month old infants with the same socio- supplementation of breast-fed infants with either100,
economic conditions and with no vitamin D 200 or 400IU of vitamin D was not sufficient to maintain
supplementation, the group living in the region with optimal levels of 25-OHD in infants especially those
intensive air pollution had lower serum 25-OHD levels living in parts of the country where sunlight exposure
than those living in the region with no air pollutiérit was insufficient. Also it has been shown that the mean
has been observed that women who dressed serum 25-OHD concentration of breast-fed infants in
themselves in black covering their hands and face hadvinter was significantly lower than that in bottle-fed
lower 25-OHD levels. Vitamin D deficiency has also infants in summe#f. In most societies, vitamin D
been reported in pregnant woman among Muslim sufficiency is maintained through the conversion of 7-
populations from tropical countries in whom the dehydrocholesterol to vitamin D in the skin under the
practice of purdah might have played an importantinfluence of UV radiation from sunlight. The risk of
rolet*15 Although more vitamin consumption is vitamin D deficiency is heightened by the
expected in frequent pregnancies, the correlationrecommendations from the American Academy of
between the number of pregnancies and vitamin DPediatrics (AAP%¥ that infants less than 6 months of
deficiency has not been reported. In a study fromage should be kept out of direct sunlight, children’s
Pakistafr, high prevalence of vitamin D deficiency in activities should minimize sunlight exposure and
breast-fed infants and nursing mothers were observegbrotective clothing and sunscreens should be used. It is
in 55 per cent of infants and 45 per cent of nursingclear that many health professionals do not consider
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the need for vitamin D supplementation even in at-risk protection against vitamin D deficiency for a couple of
groups. A study of paediatricians in the United Statesmonths even if the young infant does not receive vitamin
found that less than 50 per cent recommended vitamirD whereas in an infant who is exclusively breast-fed
D supplementation of all breast-fed infattts and who gets minimal sunlight exposure or an infant
Aggravating the situation is the possible resistance towho is on a non fortified milk substitute runs the risk
vitamin D supplementation from the mothers of developing vitamin D deficiency rickets by 4-6
themselves and from breast-feeding support groups, amonths of age. Hence supplementation should begin
it is perceived that vitamin D supplementation detractswithin the first 2 months of lif&. Vitamin D deficiency
from the message that breast milk is a complete foodin infancy may be symptomatic or asymptomatic. The
that requires no further supplementation. clinical presentation of nutritional rickets is stage
dependenand depends on the duration of the vitamin
D deficiencyHypocalcaemic symptoms determine the
One of the potential sources of vitamin D synthesis clinical spectrum in stadeskeletal deformities become
is in the skin from the UV-B fraction of sunlight. Our obvious in stagél and worsen in stage Ill, when
traditional practice of oil massage and sunbath to thehypocalcaemic symptoms alsocuf®. Symptomatic
baby helps in the synthesis of vitamin D in the skin. vitamin D deficiency manifests as craniotabes, rickety
Two hours is the required minimum weekly period of rosary, swelling of the ends of long bones, frontal

exposure to sunlight for infants if only the face is hossing of the skull, hypocalcaemic seizures or tetany
exposed, or 30 min if the upper and lower extremities and slow motor development.

are exposed Reduced exposure to sunlight occurs ] o )
during the months of winter and due to lifestyle or In a series of cases of hypocalcaemia in early infancy

cultural practices that decrease the time spent outdoorkeported from Turkey, majority was due to vitamin D
and when clothing covers more of the body surface.deficiency in exclusively breast-fed infaffts

The effects of sunlight exposure also decreases foPymptomatic hypocalcaemia in young infants due to
individuals with darker skin pigmentation and by the Vitamin D deficiency has been reported in two studies
use of sunscreens and all of these factors make it verffom UK*% A case series of 13 exclusively breast-fed
difficult to determine what is the adequate sunlight Infants presenting with hypocalcaemic seizures with

exposure for any given infant or chifdHowever  proven vitamin D d_eficiency has been reported from
intenseexposure to solar ultra violet rays during India®. Of these 13 infants, the youngest was 2 months

childhood and adolescence increases a perdsk’sf old and the oldest being 6 months. The nutritional status
developing melanomand basal cell carcinoma. ©f all these infants was normal and all were born at term
Therefore American Academy of Pediatfit® and none of them had received vitamin D supplements.
recommends paediatricians to incorporate skin Clinical signs of rickets (rachitic rosary and craniotabes)
protection counselling intoractice in order to achieve were observed in one of these 13 infants whereas
the following objectives:i) increase the proportion of radiological features in only two of them. Since the vast
people who use at least one of the following protective majority of our patients presentedth hypocalcaemic
measureshat might reduce the of skin candez., seizures with minimal skeletal deformitiggey had stage
avoiding the sun betwed®:00 and 16:00 h, wearing | nutritional rickets. Vitamin D deficiency in all the
sun-protective clothing when exposedhe sun, using  mothers of these infants was biochemically proven with
sunscreen with a sun protection factor (SPF) of >15,low 25- OHD levels and none of these mothers exhibited
and avoiding artificial sources of UV light, aniil)(  any overt clinical abnormality. Dilated cardiomyopathy
reducing thedeaths from melanoma to 2.5 per 100 000 and myelofibrosi¥ were the complications reported in
peoplé®. the study. Dilated cardiomyopathy as a complication of
vitamin D deficiency rickets responding to vitamin D
therapy has been reported in earlier stiéi#@sThe
The newborn infant born to a vitamin D replete classical radiological features of rickets include
mother is protected from vitamin D deficiency for the generalized osteopaenia, widening of the growth plates,
first few months of life as 25-OHD crosses the placentaand cupping of metaphyseal regions of long b&nes

readily and neonatal levels approximate two thirds of though other studies had reported that vitamin D
maternal serum concentrations. Serum 25-OH D has @eficiency can occur in infants and children without

half-life of approximately 3 wk, thus providing some radiological evidence because of the increased metabolic

Sunlight and vitamin D

Clinical manifestations of vitamin D deficiency
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demands due to rapid growth resulting in hypocalcaemialreatment

before any radiological changes could ogcur High dose vitamin D therapy (stoss therapy) is an

Although hypocalcaemia iearly infancy is  effective method for treating established or recalcitrant
commonly associated with functional or organic vitamin D deficiency. It involves oral or intramuscular
hypoparathyroidism, vitamin D deficiency and/or administration of the total treatment dose of vitamin D
nutritionalrickets should be considered in the 600 000 IU either as a single dose (as this produces rapid
differential diagnosisnd measurement of serum 25- healing allowing earlier differential diagnosis from
OHD levels should be included the workup of  genetic vitamin D resistant rickets) or as oral vitamin
hypocalcaemi®. Rickets during infancy has been D3 at a dose of 2000-6000 IU producing radiologic
associated with higher prevalence of lower respiratoryclearing in 2-4 wi. Akcamet af® had observed that the
tractinfectiong®, which remain one of the largest causes increase in bone mineral densities with two different
of infant mortality in India. The long-term consequences therapy regimens of vitamin D [either a single dose of
of vitamin D deficiency rickets are increased risk for Vitamin D (600,000 1U) or 20,000 IU/day given orally

type 1 diabetes me”itUS, cancer and Osteopdﬂosis for 30 dayS] in infants with vitamin D deﬁCiency rickets
was similar and not superior to each other.

Diagnosis .
. ) i . ) ~_ Prevention
The diagnosis of rickets is based on its characteristic o . _ _
clinical and biochemical findings. Vitamin D deficiency Vitamin D deficiency continues to be a public health

results in hypocalcaemia, hypophosphataemia, elevate@roblem in many countries despite th_e gvailability of
alkaline phosphatase levels and secondaryCheap and effective means to prevent this disease. Sources

hyperparathyroidism. Tsaghad reported that a low differ as to the appropriate time frame to begin
phosphate level combined with a low 25- supplementation, beginning as early as birth to 2 months

hydroxyvitamin D concentration and radiologic ofag(_a and also with the QOse.yitamin_Dsupplementation
evidence of rickets confirms the diagnosis of vitamin :gall ”_’fa”ths_ srt:o_ull? bfeglr; d?“.nglthi f'rst 053&5 ?f."fe as
D deficiency rickets. Based on serum 25-OHD ere IS a high risk ot sub clinicar vitamin eticiency,

concentratiorf§, vitamin D deficiency is classified as: even in regions with a temperate C"rﬁ.%'lw'tam'n D
deficiency in exclusively breast-fed infants up to 6

Mild vitamin D deficiency Serum 25-OHD  months of age can be prevented by the following
concentration of 25-50 nmol/l. Serum levels over 50 measures: supplementing vitamin D to all pregnhant and
nmol/l prevent secondary hyperparathyroidism andlactating mothers, supplementing vitamin D to all

elevated alkaline phosphatase levels. exclusively breast-fed infants and exposing all pregnant

. . - and lactating women and their infants to sunlight. At
Moderate vitamin D deficiencySerum 25-OHD Lo A
concentration of 12.5-25 nmoI/)I/SThe incidence of present, vitamin D supplementation is not a part of

) . . ) antenatatare/Integrated Management of Neonatal &
gygo_calcaemla and rickets increases with moderatecyjighood Iiiness (IMNCI) programmes in India. In a
eficiency.

study by Pittarekt af in preterm and term infants whose
Severe vitamin D deficiencySerum 25-OHD  mothers had normal 25-OHD levels, supplementation
concentration less than 12.5 nmol/l. Vitamin D With daily doses of 400 and 800 IU of vitamin D were
concentrations less than 12.5 nmol/l are seen in ove€ompared and it was concluded that daily dose of 400
70 per cent of children with rickets and over 90 per IU was sufficient to achieve normal serum 25-OH D
cent of children with hypocalcaemia. levels. Recently the American Academy of Pediatrics
S ~ (AAP) has recommended a supplement of 200 U of
However, the cut-off for hypovitaminosis D in  yitamin D for the following® (i) All breast-fed infants
neonates is still beingebated. Zeghoudt af* found  njess they are weaned to at least 500 ml/day of vitamin
neonatal 25-OHD concentrations <30 nmol/l (12 ng/ p fortified formula; {i) All non breast-fed infants who
ml) be associated with elevated parathyroid hormonegre ingesting less than 500 ml/day of vitamin D fortified
(PTH) and hence proposed that concentratsdhe cut-  milk/formula; and ii ) Children and adolescents who do
off for diagnosing hypovitaminosis D in the newborn. not get regular sunlight exposure, do not ingest at least
Concentrations of calcitriol may be low, normal or high 500 mi/day of vitamin D fortified milk or do not take a

at the time of diagnosis and hence is of no value indaily multivitamin supplement containing at least 200
making the diagnosis. IU of vitamin D.
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Although vitamin D supplementation appears as a’.
safe, low cost and reasonable option, Greer and
Marshalf® reported that there was no evidence of
vitamin D deficiency occuring in vitamin D non
supplemented breast-fed infants during the first 6
months of life. However, large trials studying the effects
of vitamin D supplementation on substantiative neonatalg,
and maternal outcomes and comparing different dosage
schedules should be conducted in order to clarify further

the role of vitamin D supplementation. In addition, 10.

primary care providers need to provide ongoing patient
and public education regarding the need for
supplementation, stressing that the concept of “breast ;
is best” should not override routine supplementation
with vitamin D and increasing exposure to sunlight.

Conclusion

With the renewed worldwide emphasis on exclusive

breast-feeding of infants for the first 6 months of life, 13.

infants even in developing countries are at risk of
developing vitamin D deficiency unless adequate

preventive measures are taken. Predisposing factors™

include reduced exposure to sunlight in spite of this
being available in plenty in a country like India, due to
various social and cultural reasons. There is a need t
consider implementation of a vitamin D

Supplementation Programme in infancy at the

community level. Nutritional rickets in early infancy 17.

may become a mosgidespread problem in the near
future unless strategies to ensapdimal vitamin D
status for pregnant women and newbornsleveloped.
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