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VITAMIN D  (Commentary) 
 
Breast milk 

Human milk contains relatively little vitamin D even when the mother is vitamin-replete, and the new 
born baby normally ‘lives’ off transplacentally acquired body stores for a period after birth.  It is for the 
reason that some supplementation is widely recommended for both the mother and the baby during 
pregnancy and early infancy.  Vitamin D is, nevertheless, toxic in excess, and the difference between a 
safe and a toxic dose is lower than for most other vitamins. The effect of low dose maternal 
supplementation (25 or 50 micrograms/day) only seems to have a very variable effect on the vitamin 
content of breast milk, but the breastfed babies of mothers taking 100 micrograms a day are generally 
very replete (Basile et al., 2006). However, a pharmacological dose, of the magnitude sometimes given 
for hyperparathyroidisim, could certainly produce dangerous hypercalcaemia in a breast fed baby.   
There could be few better examples of the motto at the front of this compendium – “all things are toxic; 
only the dose makes a thing not a poison” – a warning penned by Paracelsus some five hundred years 
ago. 
Greer FR, Hollis BW, Napoli JL. High concentrations of vitamin D2 in human milk associated with pharmacological doses of 
vitamin D2. J Pediatr  1984;05:61–4. 

Takeuchi I, Okano T, Tsugawa N, et al.  Effects of ergocalciferol supplementation on the concentration of vitamin D and its 
metabolites in human milk. J Nutr 1989;119:1639–46 
Kunz C, Niesen M, Lileenfeld-Toal HV, et al.  Vitamin D, 25-hydorxy-vitamin D and 1,25 dihydorxy-vitamin D in cows’ milk, infant 
formulas and breast milkduring different stages of lactation. Int J Vitam Nutr Res 1994;54:141–8. 
Ala-Houhala M, Koskinen T, Parvainen MT, et al. 25-hydroxyvitamin D and vitamin D in human milk: effects of supplementation 
and season. Am J Clin Nutr  1988;48:1057–60. 
Basile LA, Taylor SN, Wagner CL, et al. The effect of high-dose vitamin D supplementation in serum vitamin D levels and milk 
calcium concentration in lactating women and their infants. Breastfeeding Medicine 2006;1:27–35. 
Wagner CL, Hulsey TC, Fanning D, et al. High-dose vitamin D3 supplementation in a cohort of breastfeeding others and their 
infants: a 6-mont follow-up pilot study.  Breastfeeding Medicine 2006;1:59–70. 

 
Rickets in infancy 

Despite the ease with which it can be prevented, vitamin D deficiency still afflicts many children world 
wide every year.   Indeed there would seem to have been a resurgence of this problem in many 
countries with high living standards in the last twenty years.  While rickets is the commonest 
presentation, infants may also present with hypocalcaemic symptoms.  Tonic/clonic convulsions are 
often the first manifestation, and may appear at any time in the first six months of life.  Heart failure is a 
rare but potentially fatal presentation (Maiya et al., 2008).  A proximal myopathy may cause delayed 
motor milestones and, in particular, with delayed walking.  Toddlers who have started to walk often 
present with bowed legs, and such children may also have swollen wrists and knees.  An occasional 
child presents with a fracture because the bones have become thin and osteopenic.   

While vitamin D deficiency is not, of course, the only cause of rickets (see for example the review article 
by Bajpai et al., 2005), it is by far the most easily prevented and the most easily treated.  Infants from 
certain ethnic groups are certainly at greater risk – black toddlers in the United States, middle eastern 
infants in Kuwait, south Asian and Afro-Caribbean infants in the UK.   This is due to the fact that more 
ultraviolet sunlight is required to generate adequate vitamin D synthesis in dark skinned individuals 
(Holick, 2002).  This can be a particular problem in northern latitudes (such as Canada, the UK and 
Scandinavia) where there is little ultraviolet radiation of the appropriate wavelength for many months of 
the year. However multiple reports have appeared from other countries, such as Saudi Arabia, India and 
Australia, where sunlight is plentiful. Here cultural practices (prolonged exclusive breast feeding 
compounded by forms of dress that limit the skin’s exposure to light) seem the main aetiological factors.  

Many countries have attempted to prevent such problems by ensuring that vulnerable groups receive 
dietary supplements of vitamin D during critical periods, such as pregnancy, lactation and infancy.  It has 
long been held, both in Europe and in North America, that all children need at least 400 IU (10 
micrograms) of vitamin D daily (Koo, et al., 1993; Tsang, et al., 1997) and this still remains the official 
view of the UK Department of Health.  Women who are pregnant or beast feeding also need to ensure 
that their intake does not fall below this minimum.  These recommendations have, however, been almost 
totally ignored for the last twenty years by most health professionals, as well as by the general public.  
Recommendations that Asian children in the UK should always be supplemented until they are five 
years old are also widely ignored, even though many are well known to have suboptimal levels at the 
age of two. Since a policy of daily supplementation seems hard to deliver thought should be given to 
offering an annual 150,000 IU autumn IM booster (Lawson and Thomas, 1999). 

In fact, an intake of just 200 IU a day is probably all that is needed during infancy and childhood 
(Institute of Medicine, 1997), and there can be no doubt that sunlight has usually provided this in the 
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past for most babies, even in the first few months of life.  Doctors have, however, become increasingly 
aware that excessive exposure to ultraviolet light increases the risk of skin cancer, and there is some 
indirect epidemiological evidence to suggest that this risk may be more closely linked to early exposure 
than  to  total  exposure.  While  this  remains  a  possibility  doubts  will  persist,  therefore,  over  the 
advisability of exposing young children to too much direct sunlight.  Driven by these considerations the 
American Academy of Pediatrics has recently issued a “Clinical Report” reaffirming its view that all 
breast fed babies should receive supplemental vitamin D.  Unfortunately, as the Academy note, this can 
only be achieved by using a multivitamin product at the moment because no commercial low-dose 
formulation exists that only contains vitamin D.  

Much evidence links vitamin D deficiency in infancy to maternal vitamin D status.  Fetal stores of vitamin 
D at birth are influenced by the mother’s nutritional status, neonatal concentrations being 60-70% of 
maternal concentrations at birth, and inadequate fetal stores probably explain most of the children 
presenting with hypocalcaemic symptoms in the first six months of life.   It is therefore important to target 
pregnant women, particularly from the ethnically vulnerable groups.  Many different strategies have been 
proposed. Although a daily intake of 400 IU throughout pregnancy is often advocated, compliance is 
often poor (Brunvand et al, 1996) and this dose is inadequate in the absence of sunlight. A study of 
veiled Muslim women in Denmark concluded that even an intake of 600 IU a day was probably not 
enough to maintain 25-hydroxyvitamin D concentrations, and that 1000 IU a day might be more effective 
(Glerup, et al., 2000).  An intake of 25 micrograms (1000 IU) a day throughout the third trimester is 
certainly very effective (Brooke, et al., 1980).  Another strategy now widely adopted in France is to give 
a single large 100,000 or 150,000 IU intramuscular dose during the seventh month of pregnancy 
(Zeghoud, et al., 1988).  
 

Brooke OG, Brown IRF, Bone CDM, et al.  Vitamin D supplements in pregnant Asian women: effects on calcium status and fetal 
growth. BMJ  1980;280:751–4.  [RCT] 
Koo WWK, Tsang RC. Calcium, magnesium, phosphorus and vitamin D. In: Nutritional needs of the preterm infant. Tsang RC, Lucas 
A, Uauy R, et al., eds. Williams & Wilkins : Baltimore, 1993:135–55. 
Brunvald L, Henriken C, Haug E.  Vitamin D deficiency among pregnant women in Pakistan.  How best to prevent it ? Tidsskr Nor 
Laegeforen 1996;116:1585–7. 
Institute of Medicine.  Food and Nutrition Board.  Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. 
Vitamin D. In: Dietary reference intakes for calcium, phosphorus, magnesium, vitamin D, and fluoride. Washington DC: National 
Academy Press; 1997:250–87.   
Tsang RC, Zlotkin SH, Hansen JW, eds. Nutrition during infancy: principles and practice. 2nd ed. Cincinnati Ohio: Digital 
Education Publishing;1997:467–84. 
Zeghoud F, Garabedian M, Jardel A, et al.  Administration d’une dose unique de 100,000 U.I. de vitamine D3 chez la femme 
enceinte en hiver. Incidence sur la calcémie du noveau-né.  J Gynecol Obstet Biol Reprod  1988;17:1099–105. 
Lawson M, Thomas M. Vitamin D concentrations in Asian children aged 2 years living in England: population survey. BMJ 
1999;318:28. 
Glerup H, Mikkelsen K, Poulsen L, et al.  Commonly recommended daily intake of vitamin D is not sufficient if sunlight exposure is 
limited.  J Intern Med 2000;247:260–8.  
Holick MF.  Vitamin D: the underappreciated D-lightful hormone that is important for skeletal and cellular health. Curr Opin 
Endocrinol Diabetes  2002;9:87–98. 
Wharton B, Bishop N.  Rickets.  [Review]  Lancet 2003;362:1389–400.   
Spence JT, Serwint JR. Secondary prevention of vitamin D-deficiency rickets. Pediatrics 2004;113:e70–72. 
Ladhani S, Srinivasan L, Buchanan C, et al. Presentation of vitamin D deficiency. Arch Dis Child 2004;89:781–4.  (See also 699–
701.) 
Dawodu A, Agarwal M, Sankarankutty M, et al. Higher prevalence of vitamin D deficiency in mothers of rachitic than nonrachitic 
children. J Pediatr 2005;147:109–11. 
Bajpai A, Bardia A, Manton M, et al.  Non-azotemic refractory rickets in Indian children. Indian Pediatr 2005;42:23:23–9.  
Bishop DN.  Don’t ignore vitamin D [Commentary]  Arch Dis Child  2006;91:549–50.    
Maiya S, Sullivan I, Allgrove J, et al.  Hypocalcaemia and vitamin D deficiency: an important, but preventable, cause of life-
threatening infant heart failure.  Heart 2008;95:581–4.  (See also 540.)  
Wagner CL, Greer FR, for the Section on Breastfeeding and Committee on Nutrition, American Academy of Pediatrics. Prevention 
of rickets and vitamin D deficiency in infants, children and adolscents. Pediatriics 2008;122:1142–52.  

 
Concerns for the consequences of sub-clinical vitamin deficiency 

Concern is starting to mount that unrecognized sub-clinical vitamin D deficiency during pregnancy and 
early childhood can have some unexpected long term consequences.  An important longitudinal study 
has shown that children born to mothers who were sub-clinically vitamin D deficient during pregnancy 
developed less well-mineralised bones during the first 9 years of life (Javaid et al., 2006).  It is thought 
that routine vitamin D supplementation during the last trimester of pregnancy, particularly during the 
winter months, would almost certainly reduce the risk of these otherwise healthy children developing 
osteoporotic bone fractures in later life.  This observational study clearly calls for replication in a formal 
controlled trial. A small study from Switzerland had already suggested that even the modest 
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supplementation of breast fed babies in the first year of life (400 IU a day) improves bone mineral mass 
7–9 years later (Zamora et al.,1999). 

A second concern is the belief that children who suffer sub-clinical vitamin D deficiency in early infancy 
seem to be at increased risk of developing type 1 diabetes, (a condition in which a poorly understood 
autoimmune process causes the progressive destruction of all the cells in the pancreas leaving the 
organ unable to make insulin). This form of diabetes often manifests itself during childhood and has 
usually become apparent before the patient is 30.  It is commonest in people of European decent, 
seems to be becoming progressively more common, and already affects two million people in Europe 
and North America.  There are suggestions that by 2010 the condition will be 40% more common than it 
was a decade ago.  Four observational studies and a cohort study have all now suggested that the risk 
is lower in children given supplemental vitamin D during infancy, and there is also some suggestion of a 
dose-response effect (Zipitis and Akobeng, 2008). Low levels are common in American children and 
commoner in children who have adverse cardiovascular risk factors (Kumar et al., 2009; Reis et al., 
2009)/  Low serum vitamin D levels are strongly associated with hypertension, hyperclycaemia, and 
metabolic syndrome, independent of adiposity.   Whether these things are causally linked remains to be 
established but the associations are suggestive. 

 
 Zamora SA, Rizzoli R, Belli DC, et al. Vitamin D supplementation during infancy is associated with higher bone mineral mass in 

prepubertal girls.  J Clin Endorcinol Metab 1999;84:4541–4. 
 Javaid NM, Crozier SR, Harvey NCD, et al. Maternal vitamin D status during pregnancy and childhood bone mass at age 9 years: a 

longitudinal study. Lancet 2006;367:36–43. (See also 1316–7.) 
 Zipitis CS, Akobeng AK.  Vitamin D supplementation in early childhood and risk of type 1 diabetes: a systematic review and meta-

analysis. Arch Dis Child 2008;93:512–7.  [SR] 
 Kumar J, Muntner P, Kaskel FJ, et al.  Prevalence and associations of 25-hydroxyvitamin D deficiency in US children: NHANES. 20014. 

Pediatrics 2009;124:e362–70. 
 Reis JP, von Mühlen D, Miller ER, et al. Vitamin D status and cardiometabolic risk factors in the United States adolescent 

population. Pediatrics 2009;124:e371–9. 

 
Babies with severe renal disease 

Babies with severe renal disease often become hypocalcaemic.  Damage to the proximal tubule can 
sometimes cause this, since this is the only body tissue capable of converting the ‘provitamins’ D2 and 
D3 into 1α−hydroxycholecalciferol (the active hydroxylated vitamin).   Hypocalcaemia is, however, often 
simply due to reduced renal phosphate clearance.  This causes hyperphosphataemia, and this, in turn, 
causes the ionised calcium concentration to fall, both because 1-αhydroxylase enzyme activity is 
inhibited and because of mass-action.   Reducing the phosphate intake, by using a modified milk such 
as Kindergen (marketed by SHS International Ltd, Liverpool, UK) may be enough to correct this. Adding 
calcium to the diet may also help by increasing phosphate binding in the gut, thereby reducing 
phosphate absorption.  In the young baby this can be done by adding small quantities of calcium 
carbonate to the diet.  Give the family a 100 mg/ml suspension of calcium carbonate, instruct them to 
give the baby 30 mg/kg of this mixed in a whole day’s feeds, and monitor the response.   
 

Only if the plasma calcium concentration remains low even after the plasma phosphate concentration 
has been brought down to the lower end of the normal [normal range 1·5 – 2·9 mmol/l], is it usually 
necessary to start treatment with 20 nanograms/kg of alphacalcidol by mouth once a day.  The dose 
given is then increased gradually until the ionised calcium concentration is in the upper half of the 
normal range [1·18 to 1·38 mmol/l in late infancy].   Such treatment should not be started while the 
plasma phosphate concentration is still high, because soft tissue structures soon start to calcify when 
the plasma calcium and plasma phosphate levels are both simultaneously high. The renal medulla is 
often the first tissue affected.  Marked arterial calcification can also occur.  When long term 
supplementation is necessary the alphacalcidol dose needs to be adjusted periodically so as to keep the 
parathyroid hormone concentration normal, or close to normal.  
Note that alfacalcidol cannot be diluted and that the smallest measurable dose is 100 nanograms.  If a 
small dose than this proves necessary the best solution to give the drug less than once a day.      
Rigden SPA. The treatment of renal osteodystrophy. Pediatr Nephrol 1996;10:653–5. 
Salusky IB, Goodman WG. The management of renal osteodystrophy. Pediatr Nephrol 1996;10:651–3. 

 
Toxicity 

An accidental overdose of alfacalcidol can be very dangerous, causing vomiting, lethargy and severe 
hypercalcaemia. The use of a diuretic such as furosemide, together with a high IV fluid intake, can help 
to bring the serum calcium level down, and minimise the risk of permanent renal damage. Treatment 
with the oral bisphosphonate, alendronic acid (5 or even 10 mg once a day), may also speed recovery. 
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Tong L, Xue-xiang G. Prevention of rickets and vitamin D intoxication in China. Acta Paediatr 1995;84:940. (See also 
commentary 848.) 
Bereket A, Erdogan T. Oral bisphosphonate therapy for vitamin D iontoxication of the infant. Pediatrics 2003;111:899–901.      

 
 

Other recent reports of vitamin D deficiency in infancy 
Reports of children developing rickets during infancy while being breast fed by asymptomatic but 
vitamin-deficient mothers continue to appear with monotonous regularity from many different parts of the 
world.  We seem to live in a schizophrenic civilisation. One half of the population has come to believe 
that taking a few vitamin pills is capable of curing or preventing a host of ills.  The other half seems to 
believe that, since breast milk if best for babies, it can not be right, proper or necessary to offer any baby 
so fed any further dietary supplement.  The fact that it is almost impossible to find a commercial product 
that contains an appropriate dose of vitamin D for daily use that does not also offer several other totally 
unnecessary vitamin supplements, only serves to make the education of the general public still harder.  
There can be few better examples of the way the major drug companies put their own interests ahead of 
those of the general public. This totally unchecked commercial marketing trick simply serves to further 
reinforce the unfounded belief that multiple vitamin supplements are of benefit for a whole range of 
conditions in adult life as well as in infancy.  Those who discovered the anti-rachitic powers of vitamin D 
eighty years ago would be amazed (and saddened) to see how little importance the average midwife, 
obstetrician or paediatrician places on the prevention of this condition.  

For a whole series of reports, not only from countries in Europe where sunshine is limited, but also in 
tropical and sub-tropical countries, see the following papers.  Problems have been reported both in dark 
skinned and in light skinned babies, and the number of reports seems to have grown quite rapidly in the 
last ten years.  Despite this nothing has yet been done in most countries to reduce the number of 
women who end up starting to breast feed after delivery when themselves sub-clinically vitamin deficient 
because no attention was ever paid to this issue during pregnancy. The current advice of the UK’s 
National Institute of Clinical Excellence, that such supplementation is unnecessary, is particularly 
perverse and ill informed.   Neither has anything been done to make the general public aware of the 
value of making sure that all breast fed babies receive a regular small daily dose of vitamin D of a 
magnitude similar to that offered to every artificially fed baby.  Nor has anything been done to coerce 
any of the large multinational drug companies into providing a simple, inexpensive, low dose daily 
supplement that does not contain a range of other totally unnecessary supplements. 
   
Markestad T. Plasma concentrations of vitamin D metabolites in unsupplemented breast-fed infants.  Eur J Pediatr 1983;141:77–
80. [Bergen, Norway] 
Ala-Houhala M.  25-hydroxyvitamin D levels during breast feeding with or without maternal or infantile supplementation of vitamin 
D. J Pediatr Gastroenterol Nutr 1985;4:220–6.  [Tampere, Finland] 
Lebrun JB, Moffatt MEK, Munday RJT, et al. Vitamin D deficiency in a Manitoba community. Can J Publ Health 1993;84:394–6. 
[Manitoba, Canada] 
Iqbal SJ, Kaddam I, Wassif W et al.   Continuing clinically severe vitamin D deficiency in Asians in the UK (Leicester). Postgrad 
Med J 1994;70:708–14.  [Leicester, England] 
Specker BL. Do North American women need supplemental vitamin D during pregnancy and lactation ? Am J Clin Nutr 
1994;59:S484–91. [Review]  
Ahmed I, Atiq M, Iqbal J et al. Vitamin D deficiency rickets in breast-fed infants presenting with hypocalcaemic seizures. Acta 
Paediat 1995;84:941–2.    [Karachi, Pakistan] 
Alfaham M, Woodhead S, Pask G, et al.  Vitamin D deficiency: a concern in pregnant Asian women. Br J Nutr 1995;73:881–7. 
[Cardiff, Wales] 
Pillow JJ, Forrest PJ, Rodda CP.  Vitamin D deficiency in infants and young children born to migrant parents. J Paediatr Child 
Health 1995;31:180–4. [Melbourne, Australia] 
Atiq M, Suria A, Nizami SQ, et al. Vitamin D status of breastfed Pakistani infants. Acta Paediatr 1998;87:737–40.  (See also 726–
7.) [Karachi, Pakistan] 
 Waiters B, Godel JC, Basu TK.  Perinatal vitamin D status of northern Canadian mothers and their newborn infants. J Am Coll 
Nutr 1999;18:122–6. [Edmonton, Canada] 
Mughal MZ, Salama H, Greenaway T, et al. Florid rickets associated with prolonged breast feeding without vitamin D supplementation. 
BMJ 1999;318:39–40. (See also 2-3.)  [Manchester, England] 
Majid Molla A, Badawi MH, al-Yaish S, et al. Risk factors for nutritional rickets among children in Kuwait. Pediatr Int 2000;42:280–
4. [Kuwait] 
Kreityer SR, Schwartz RP, Kirkman HN Jr, et al. Nutritional rickets in African American breast fed infants. J Pediatr 2000;137:153–
7. (See also 143–5.)  [North Carolina, USA]  
Shah M, Salhab N, Patterson D, et al.  Nutritional rickets still afflict children in North Texas. Texas Med  2000;96:64–8. [Texas, 
USA] 
Blok BH, Grant CC, McNeil AR, et al. Characteristics of children with florid vitamin D deficient rickets in the Auckland region in 
1998. N Z Med J 2001;113:374–6.  [Auckland, New Zealand]   
Rowe PM.  Why is rickets resurgent in the USA ?  Lancet 2001;357:1100.  [Atlanta, Georgia, USA]  
Nozza JM, Rodda CP. Vitamin D deficiency in mothers of infants with rickets. Med J Austr 2001;175:253–5. [Melbourne, Australia] 
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Pal BR, Shaw NJ.  Rickets resurgence in the United Kingdom: improving antenatal management in Asians. J Pediatr  
2001;139:337–8. [Birmingham, England] 
Shaw NJ, Pal BR. Vitamin D deficiency in UK Asian families: activating a new concern. Arch Dis Child 2002;86:147–9.  [UK] 
Ashraf S, Mughal MZ. The prevalence of rickets among non-Caucasian children. Arch Dis Child 2002;87:263–4. [Manchester, UK] 
Pedersen P, Michaelsen KF, Mølgaard C. Children with nutritional rickets referred to hospitals in Copenhagen during a 10-year 
period. Acta Paediatr 2003;92:87–90.  [Copenhagen, Denmark] 
Gessner BD, Plotnik J, Muth PT. 25-hydroxyvitamin D levels among healthy children in Alaska. J Pediatr 2003;143:434–7.  (See 
also 422–3.)  [Alaska] 
Dawodu A, Agrawal M, Hossain M, et al.  Hypovitaminosis D and vitamin D deficiency in exclusively breast-feeding infants and 
their mothers: a justification for vitamin D supplementation in breast-feeding infants. J Pediatr 2003;142:169–73.  [United Arab 
Emirates] 
Hannam S, Lee S, Sellars M. Severe vitamin D deficient rickets in black Afro-Caribbean children. [Letter] Arch Dis Child 
2004;89:91–2. [London, England] 
Zeigler EE, Hollis BW, Nelson SE, et al. Vitamin D deficiency in breastfed infants in Iowa. Pediatrics 2006;118:603–10. [Ohio, 
USA] 
Callaghan AL, Moy RJD, Booth IW, et al. Incidence of symptomatic vitamin D deficiency. Arch Dis Child 2006;91:606–7. [West 
Midlands, UK] 
Robinson PD, Högler W, Craig ME, et al. The re-emerging burden of rickets: a decade of experience from Sydney. Arch Dis Child 
2006;91:564–8.  (See also commentary 549–50.)  [Sydney, Australia] 
Zipitis CS, Markides GA, Swann IL.  Vitamin D deficiency: prevention or treatment. Arch Dis Child 2006;91:1011–4. [Burnley, UK] 
 

 SINGLE DOSE PROPHYLAXIS IN PREGNANCY 
Mallet E, Giigi B, Brunelle P, et al. Vitamin D supplementation in pregnancy: a controlled trial of two methods. Obstet Gynecol 
1986;68:300–4.   [RCT]  
Feillet F, Vidailhet M, Leheup P, et al.  The current practice of prevention of rachitis in France; a survey of 600 physicians. 
Pediatrié 1988;43:775–82.  
Héllouin de Ménibus C, Mallet É, Hénocq AQ, et al. Hypocalcémie néonatale.  Résultats de la supplémentation de la mère en 
vitamine D. Étude portant chez 13 377 nouveau-nés.   Bull Acad Natle Med 1990;174:1051–9.   
Comité de Nutrition.  La supplémentation en vitamine D durant la grossesse: une nécessité. Archives de Pédiatrie 1995;2:373–6.  
Madelenat P, Bastian H, Menn S. Winter supplementation in the 3rd trimester of pregnancy by dose of 80,000 IU of vitamin D. J 
Gynecol Obstet Biol Reprod 2001;30:761–9. 

 
SINGLE DOSE SUPPLEMENTATION (“STOSSTHERAPY”) FOR YOUNG CHILDREN 
Markestad T, Hesse V, Siebenhuner M, et al. Intermittent high-dose vitamin D prophylaxis during infancy: effect of vitamin D 
metabolites,calcium and phosphorus.  Am J Clin Nutr 1987;46:652–8.  [The German Democratic Republic; excessive use is 
unsafe] 
Shah BR, Finberg L. Single-day therapy for nutritional vitamin D-deficiency rickets: a preferred method. J Pediatr  1994;125:487–
90.  (See also 126:1019-20.)  [Brooklyn, New York, USA] 
Oliveri B, Cassinelli H, Mautalen C, et al. Vitamin D prophylaxis in children with a single dose of 150,000 IU of vitamin D. Eur J Clin 
Nutr 1996;50:807–10.   [A study in Patagonia, at the southern tip of Argentina] 
 
VITAMIN D DEFICIENT HEALTH FOODS 
Carvalho NF, Kenney RD, Carrington PH, et al. Severe nutritional deficiencies in toddlers resulting from health food milk 
alternatives. Pedaitrics 2001;107:e46. 
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