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ABSTRACT
Background: Nutritional vitamin D deficiency rickets
occurs when children do not receive adequate vitamin
D, which can be obtained from diet or manufactured in
the skin when there is adequate sun exposure. A num-
ber of reports have described cases of vitamin D defi-
ciency rickets in breastfed infants, but the public health
significance of this problem in Wisconsin is unknown. 

Objectives: Our objectives were to identify cases of vi-
tamin D deficiency rickets in Wisconsin infants and to
determine the percentage of these infants participating
in the Wisconsin Women, Infant and Children (WIC)
program.

Methods: All cases of rickets due to nutritional vitamin
D deficiency seen at Children’s Hospital of Wisconsin
or its associated outpatient clinics were identified by
retrospective chart review. Data collected included date
of birth, age at presentation, race, clinical presentation,
diet history, history of vitamin supplementation, x-ray
findings, and biochemical studies. The children with
nutritional vitamin D deficiency rickets were cross-ref-
erenced with the Wisconsin WIC database.

Results: Fifty-one definite cases of nutritional vitamin
D deficiency rickets were identified. Skeletal deformi-
ties, failure to thrive, fractures, seizures, incidental lab
finding, tetany, and refusal to walk were the most com-
mon reasons for identifying rickets. All of the children
were breastfed and did not receive vitamin supplemen-
tation. The infants had a mean age of 13.6 months and

46 (90%) were African American. Thirty-seven out of
51 children (73%) were enrolled in the Wisconsin WIC
program.

Conclusion: Vitamin D deficiency nutritional rickets is
an important public health problem in Wisconsin. The
Wisconsin WIC program may be an important site for
intervention strategies.

INTRODUCTION
Rickets, a disorder of the growing skeleton, occurs due
to inadequate mineralization of bone, especially at the
growth plate. Possible etiologies include vitamin D de-
ficiency, calcium deficiency, and phosphate deficiency.
Vitamin D deficiency may be primary or secondary to
renal, genetic, liver, or gastrointestinal diseases.1

Primary vitamin D deficiency, due to inadequate in-
take, was extremely common in the United States in the
early 20th century, but was believed to be essentially
eliminated by the introduction of vitamin D supple-
ments and the addition of vitamin D to milk and infant
formula.2 However, a number of reports have shown
that rickets has seemingly reappeared in the United
States, principally in breastfed African American chil-
dren.3,4

There are multiple factors that have created this
“new” public health problem. First, human breast milk
is a poor source of vitamin D, with only 12 to 60
units/mL5,6 (versus 400 IU/mL in formula), and even
lower concentrations in the breast milk of African
American women.7 Second, cutaneous synthesis of vita-
min D is highly affected by skin pigmentation, with
markedly decreased synthesis in dark-skinned individ-
uals.8 Third, for reasons that are not entirely clear, the
routine use of vitamin D supplements in breastfed chil-
dren has declined.9 Finally, because of the many bene-
fits of nursing,10,11 breastfeeding is now actively pro-
moted12,13 and breastfeeding rates have increased.14

We have elected to document the presence of nutri-
tional vitamin D deficiency rickets in Wisconsin. This
is especially important because the long winter in
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Wisconsin limits sun exposure, and the winter sun is
ineffective at stimulating vitamin D synthesis.15,16 Along
with documenting cases, we also sought to identify a
potential site for prevention strategies by determining
the percentage of the affected children that were en-
rolled in the Wisconsin Women, Infant and Children
(WIC) program.

METHODS
The Children’s Hospital of Wisconsin Institutional
Review Board approved this study. Medical records
were reviewed for patients with an ICD-9 code for
rickets (268.0) at Children’s Hospital of Wisconsin in
Milwaukee from January 1996 through April 2004.
Children admitted to the hospital and those seen in the
outpatient clinics were included. Data collected in-
cluded date of birth, age at presentation, race, clinical
presentation, diet history, history of vitamin supple-
mentation, x-ray findings, and laboratory studies. The
diagnosis of nutritional vitamin D deficiency rickets
was based on a combination of radiographic data, labo-
ratory data, and a history of poor intake of vitamin D.
We excluded children with vitamin D deficiency due to
gastrointestinal or liver disease, or secondary to anti-
convulsant use. We also excluded cases if there was no
history of poor vitamin D intake or if missing labora-
tory or radiology data prevented us from making a de-
finitive diagnosis. We identified 3 cases of rickets where
there was inadequate data for us to make a diagnosis of
vitamin D deficiency and 5 cases where there was evi-
dence of vitamin D deficiency, but the reported diet
was either formula (3 cases) or the diet was not docu-
mented in the records (2 cases). Only children living in
Wisconsin were included. Participation in the WIC
program was determined by cross-referencing the
names and birth dates of the identified children with
the WIC database. 

Some patients had undetectable levels of 25-hydroxy
vitamin D. For calculating mean levels of 25-hydroxy
vitamin D, we therefore assigned these patients a level 1
ng/mL below the level of detection (e.g., 4 when the
level was <5 ng/mL). One patient had concomitant be-
nign transient hyperphosphatemia; the extremely ele-
vated alkaline phosphate level was therefore excluded
when calculating the mean alkaline phosphate level.

RESULTS
We identified 51 cases (29 males) of nutritional vitamin
D deficiency rickets, all associated with breastfeeding
and lack of vitamin supplementation. The children had
a mean age of 13.6 months, with a range of 4 to 24

months (Figure 1). Forty-six (90%) were African
American. The remaining patients were Caucasian (2),
Hispanic (1), biracial (1), and Asian (1). Thirty-seven
(73%) of the infants had been enrolled in WIC.

The patients came to medical attention for a variety
of reasons (Table 1). Seven were discovered because of
an incidental finding on either laboratory tests (5) or x-
rays (2). 

The laboratory tests at the time of diagnosis are pre-
sented in Table 2. The only test that was abnormal in
100% of the tested patients was the parathyroid hor-
mone (PTH) level, which was elevated. One phospho-
rus level was elevated because the patient had a car-
diopulmonary arrest due to laryngospasm associated
with severe hypocalcemia. The children with seizures,
tetany, or cardiorespiratory arrest all had hypocal-
cemia; they had a mean age of 9 months.

DISCUSSION
We have described 51 cases of rickets due to nutritional
vitamin D deficiency in Wisconsin children. We believe
this is the largest published case series of American
children with this disorder in more than 40 years. As in
previous reports, the children in our study were pre-

Table 1.  How Rickets was Identified

Reason for Evaluation Number of Patients  

Skeletal Deformity 14  
Failure to Thrive 8  
Seizure 5  
Fracture 5  
Incidental Lab Finding 5  
Tetany 4  
Refusal to Walk 4  
Incidental X-Ray Finding 2  
Cardiorespiratory Arrest 1  
Limp 1  
Poor Feeding 1  
Weight loss 1  

Figure 1.  Age of presentation of nutritional vitamin D defi-
ciency rickets.



dominantly African American breastfed infants who
were not receiving vitamin D supplementation.3,4 Given
the comparatively low rate of breastfeeding in African
Americans, the most likely explanation for this obser-
vation is the decreased cutaneous synthesis of vitamin
D in the skin of these infants due to increased skin pig-
mentation.8 It is also possible that other factors may
lead to decreased sun exposure in this patient popula-
tion. In addition, the winter sun at Wisconsin’s latitude
is known to be ineffective at stimulating cutaneous vi-
tamin D synthesis.15,16 It is also known that African
American women have lower levels of vitamin D in
their breast milk than Caucasian women.17

Because of the many benefits of nursing,10,11 there are
currently multiple efforts in place to encourage breast-
feeding.12,13 This should be accompanied by a concerted
effort to ensure that breastfed infants receive vitamin D
supplementation, as recently recommended by the
American Academy of Pediatrics (AAP).18 It is inap-
propriate to actively promote breastfeeding for a vul-
nerable patient population, but not encourage use of vi-
tamin D supplementation. This will only lead to
mistrust, and ultimately create opposition to breast-
feeding.

We have identified the Wisconsin WIC program as 1
site for targeting infants at risk for developing rickets.
As a result of this study, the Wisconsin WIC program
has created handouts, for both parents and health care
professionals, that explain the need for vitamin D sup-
plementation in breastfed infants. Additional efforts
outside of the WIC program are needed to educate par-
ents, physicians, and other health care professionals
about this issue.

Currently, there is no vitamin D supplement avail-
able in the United States that would be appropriate for
infants. Instead, vitamin D must be given as part of a
multivitamin supplement that contains vitamins A, C,
and D. While the AAP recommends 200 IU per day for

breastfed infants,18 the dropper for the multivitamin
preparation delivers 400 IU. But this is not a concern
since 400 IU/day per day is clearly safe.19 Moreover,
while not necessary, it is not harmful for infants to re-
ceive additional vitamins A and C. At this time,
Wisconsin Medicaid covers these vitamin supplements,
but the practitioner must document that the child re-
ceived a comprehensive “HealthCheck” screen within
the last 365 days. We believe that this requirement
should be eliminated so that 1 barrier to infants receiv-
ing vitamin supplements is removed. While the goal is
admirable, many physicians find the need for this extra
documentation confusing, even if they have done a
well-child examination, and therefore do not write an
appropriate prescription for vitamins. 

While we have described 51 cases of nutritional vita-
min D deficiency rickets, this is probably a substantial
underestimation of the number of cases statewide.
First, additional patients may have been treated at the
other tertiary care centers in Wisconsin. Second, we
know that primary care providers in our referral base
have treated other patients without referring them to
our institution (L. Greenbaum, personal observation).
Finally, and most intriguingly, 7 of our patients were
diagnosed because of an incidental laboratory or radio-
logic finding. This raises the possibility that many in-
fants develop mild, asymptomatic rickets, but are never
diagnosed or treated. This is especially likely given the
low index of suspicion for this disease in modern prac-
tice. Many children may have resolution of their vita-
min D deficiency due to increased sun exposure and the
transition from breast milk to formula or cow’s milk,
both of which contain 400 IU of vitamin D per liter.
Nevertheless, this could have long-term public health
consequences since childhood is the time when humans
acquire the bone mass that will protect them from the
morbidity of osteoporosis as adults.20 For example, use
of vitamin D supplementation in Caucasian female in-
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Table 2.  Laboratory Findings

Laboratory Test Mean SD Range Normal Values  

Calcium (51)* 7.8 mg/dL 1.97 mg/dL 3.2 – 10.4 mg/dL 8.9-10.7 mg/dL
Phosphorus (51) 3.4 mg/dL 1.25 mg/dL 1.4 – 9.4 mg/dL 4.0-7.0 mg/dL†

Alkaline Phosphatase (49) 1137 IU/L 780 IU/L 190 – 3898 IU/L 110-320 IU/L‡

25 Vitamin D (46) 8.8 ng/mL 7.2 ng/mL 3 – 35 ng/mL 13-67 ng/mL
1,25 Vitamin D (46) 96 pg/mL 93 pg/mL 6 – 462 pg/mL 27-71 pg/mL
PTH (42) 390 pg/mL 295 pg/mL 79 – 1799 pg/mL 10-65 pg/mL

*The number of cases with lab tests available for analysis are listed in parentheses. 
†Normal values decrease with age. The values shown are for infants.
‡Normal values vary with age. The values shown are for infants.
Abbreviations: PTH = parathyroid hormone 
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fants who were breastfed was associated with increased
bone density when the children were 7-9 years old.21

This issue requires further study, and may have impor-
tant implications for all Wisconsin infants who receive
breast milk.

CONCLUSION
In summary, we have described 51 cases of vitamin D
deficiency rickets in Wisconsin children. This empha-
sizes the importance of ensuring that breastfed infants
receive vitamin D supplementation. We have identified
the WIC program as a potential target for intervention,
and programs have already been put in place. Future
prospective studies are necessary to monitor the effect
of these interventions and to identify other approaches
for eliminating nutritional vitamin D deficiency rickets
in Wisconsin.

ACKNOWLEDGMENT
We appreciate the excellent assistance we received from
Donna Dawicki and the medical record department at
Children’s Hospital of Wisconsin.

REFERENCES
1. Chesney RW. Metabolic Bone Disease. In: Behrman RE,

Kliegman RM, Jenson HB, eds. Nelson Textbook of
Pediatrics. 17th ed. Philadelphia: Saunders; 2004:2341-
2348.

2. Harrison HE. The Disappearance of Rickets. Am J Public
Health. 1966;56(5):734-737.

3. Feldman KW, Marcuse EK, Springer DA. Nutritional rickets.
Am Fam Physician. 1990;42(5):1311-1318.

4. Kreiter SR, Schwartz RP, Kirkman HN, Charlton PA,
Calikoglu AS, Davenport ML. Nutritional rickets in African
American breast-fed infants. J Pediatr. 2000;137(2):153-157.

5. Reeve LE, Chesney RW, DeLuca HF. Vitamin D of human
milk: identification of biologically active forms. Am J Clin
Nutr. 1982;36(1):122-126.

6. Hollis BW, Roos BA, Draper HH, Lambert PW. Vitamin D
and its metabolites in human and bovine milk. J Nutr.
1981;111(7):1240-1248.

7. Specker BL, Tsang RC, Hollis BW. Effect of race and diet on
human-milk vitamin D and 25-hydroxyvitamin D. Am J Dis
Child. 1985;139(11):1134-1137.

8. Clemens TL, Adams JS, Henderson SL, Holick MF.
Increased skin pigment reduces the capacity of skin to syn-
thesise vitamin D3. Lancet. 1982;1(8263):74-76.

9. Davenport ML, Uckun A, Calikoglu AS. Pediatrician patterns
of prescribing vitamin supplementation for infants: do they
contribute to rickets? Pediatrics. 2004;113(1 Pt 1):179-180.

10. American Academy of Pediatrics. Work Group on
Breastfeeding. Breastfeeding and the use of human milk.
Pediatrics. 1997;100(6):1035-1039.

11. Raisler J, Alexander C, O’Campo P. Breast-feeding and in-
fant illness: a dose-response relationship? Am J Public
Health. 1999;89(1):25-30.

12. Kramer MS, Chalmers B, Hodnett ED, et al. Promotion of
Breastfeeding Intervention Trial (PROBIT): a randomized
trial in the Republic of Belarus. JAMA. 2001;285(4):413-420.

13. Mitra AK, Khoury AJ, Carothers C, Foretich C. The loving
support breastfeeding campaign: awareness and practices
of health care providers in Mississippi. J Obstet Gynecol
Neonatal Nurs. 2003;32(6):753-760.

14. Ahluwalia IB, Morrow B, Hsia J, Grummer-Strawn LM. Who
is breast-feeding? Recent trends from the pregnancy risk as-
sessment and monitoring system. J Pediatr. 2003;142(5):
486-491.

15. Webb AR, Kline L, Holick MF. Influence of season and lati-
tude on the cutaneous synthesis of vitamin D3: exposure to
winter sunlight in Boston and Edmonton will not promote vi-
tamin D3 synthesis in human skin. J Clin Endocrinol Metab.
1988;67(2):373-378.

16. Pettifor JM, Moodley GP, Hough FS, et al. The effect of sea-
son and latitude on in vitro vitamin D formation by sunlight in
South Africa. S Afr Med J. 1996;86(10):1270-1272.

17. Specker BL, Ho ML, Oestreich A, et al. Prospective study of
vitamin D supplementation and rickets in China. J Pediatr.
1992;120(5):733-739.

18. Gartner LM, Greer FR, Section on Breastfeeding. Committee
on Nutrition. American Academy of Pediatrics. Prevention of
rickets and vitamin D deficiency: new guidelines for vitamin
D intake. Pediatrics. 2003;111(4 Pt 1):908-910.

19. Chesney RW. Requirements and upper limits of vitamin D in-
take in the term neonate, infant, and older child. J Pediatr.
1990;116(2):159-166.

20. Mora S, Gilsanz V. Establishment of peak bone mass.
Endocrinol Metab Clin North Am. 2003;32(1):39-63.

21. Zamora SA, Rizzoli R, Belli DC, Slosman DO, Bonjour JP.
Vitamin D supplementation during infancy is associated with
higher bone mineral mass in prepubertal girls. J Clin
Endocrinol Metab. 1999;84(12):4541-4544.


