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ABSTRACT. Rickets in infants attributable to inade-
quate vitamin D intake and decreased exposure to sun-
light continues to be reported in the United States. It is
recommended that all infants, including those who are
exclusively breastfed, have a minimum intake of 200 IU
of vitamin D per day beginning during the first 2 months
of life. In addition, it is recommended that an intake of
200 IU of vitamin D per day be continued throughout
childhood and adolescence, because adequate sunlight
exposure is not easily determined for a given individual.
These new vitamin D intake guidelines for healthy in-
fants and children are based on the recommendations of
the National Academy of Sciences.

ABBREVIATIONS. NAS, National Academy of Sciences; AAP,
American Academy of Pediatrics.

BACKGROUND

Cases of rickets in infants attributable to inad-
equate vitamin D intake and decreased expo-
sure to sunlight continue to be reported in the

United States.1–3 Rickets is an example of extreme
vitamin D deficiency. A state of deficiency occurs
months before rickets is obvious on physical exami-
nation. The new recommended adequate intake of
vitamin D by the National Academy of Sciences
(NAS) to prevent vitamin D deficiency in normal
infants, children, and adolescents is 200 IU per day.4
This differs from the 400 IU per day that has been
recommended in previous editions of the Pediatric
Nutrition Handbook of the American Academy of Pe-
diatrics (AAP). The new NAS guidelines for infants
are based on data primarily from the United States,
Norway, and China, which show that an intake of at
least 200 IU per day of vitamin D will prevent phys-
ical signs of vitamin D deficiency and maintain se-
rum 25-hydroxy-vitamin D at or above 27.5 nmol/L
(11 ng/mL). Although there are generally less data
available for older children and adolescents, the NAS
has come to the same conclusions for this popula-

tion.4 Also, it is acknowledged that most vitamin D
in older children and adolescents is supplied by sun-
light exposure.4 However, dermatologists and cancer
experts advise caution in exposure to sun, especially
in childhood, and recommend regular use of sun-
screens.5–11 Sunscreens markedly decrease vitamin D
production in the skin.

SUNLIGHT EXPOSURE
A potential source of vitamin D is synthesis in the

skin from the ultraviolet B light fraction of sunlight.
Decreased sunlight exposure occurs during the win-
ter and other seasons and when sunlight is attenu-
ated by clouds, air pollution, or the environment (eg,
shade). Lifestyles or cultural practices that decrease
time spent outdoors or increase the amount of body
surface area covered by clothing when outdoors fur-
ther limit sunlight exposure. The effects of sunlight
exposure on vitamin D synthesis are also decreased
for individuals with darker skin pigmentation and
by the use of sunscreens.5 All of these factors make it
very difficult to determine what is adequate sun-
shine exposure for any given infant or child. Further-
more, the Centers for Disease Control and Preven-
tion, with the support of many organizations
including the AAP and the American Cancer Society,
has recently launched a major public health cam-
paign to decrease the incidence of skin cancer by
urging people to limit exposure to ultraviolet light.6
Indirect epidemiologic evidence now suggests the
age at which direct sunlight exposure is initiated is
even more important than the total sunlight expo-
sure over a lifetime in determining the risk of skin
cancer.7–11 Thus, guidelines for decreasing exposure
include directives from the AAP that infants younger
than 6 months should be kept out of direct sunlight,
children’s activities that minimize sunlight exposure
should be selected, and protective clothing as well as
sunscreens should be used.11

BREASTFEEDING AND VITAMIN D
Infants who are breastfed but do not receive sup-

plemental vitamin D or adequate sunlight exposure
are at increased risk of developing vitamin D defi-
ciency or rickets.1–3,12,13 Human milk typically con-
tains a vitamin D concentration of 25 IU/L or
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less.14–16 Thus, the recommended adequate intake of
vitamin D cannot be met with human milk as the sole
source of vitamin D for the breastfeeding infant.
Although there is evidence that limited sunlight ex-
posure prevents rickets in many breastfed in-
fants,17,18 in light of growing concerns about sunlight
and skin cancer and the various factors that nega-
tively affect sunlight exposure, it seems prudent to
recommend that all breastfed infants be given sup-
plemental vitamin D. Supplementation should begin
within the first 2 months of life. As noted above, it is
very difficult to determine what is adequate sunlight
exposure for an individual breastfed infant. Addi-
tional research is suggested to more fully understand
the factors underlying the development of vitamin D
deficiency and rickets in some breastfed infants.

FORMULAS AND VITAMIN D
All infant formulas sold in the United States must

have a minimum vitamin D concentration of 40 IU/
100 kcal (258 IU/L of a 20-kcal/oz formula) and a
maximum vitamin D concentration of 100 IU/100
kcal (666 IU/L of a 20-kcal/oz formula).19 All formu-
las sold in the United States actually have at least 400
IU/L.20 Thus, if an infant is ingesting at least 500 mL
per day of formula (vitamin D concentration of 400
IU/L), he or she will receive the recommended vita-
min D intake of 200 IU per day.

VITAMIN D SUPPLEMENTS
If the intake of vitamin D-fortified milk or formula

is less than 500 mL per day, a vitamin D supplement
can be provided by currently available multivitamin
preparations containing 400 IU of vitamin D per mL
or tablet. Currently available solitary vitamin D
preparations (containing up to 8000 IU/mL) are too
concentrated to be safe for routine home use. It is
important that special efforts be directed toward
supplementing populations at increased risk of de-
veloping rickets and vitamin D deficiency, including
those with increased skin pigmentation and de-
creased sunlight exposure.

SUMMARY
To prevent rickets and vitamin D deficiency in

healthy infants and children and acknowledging that
adequate sunlight exposure is difficult to determine,
we reaffirm the adequate intake of 200 IU per day
of vitamin D by the National Academy of Sciences4

and recommend a supplement of 200 IU per day for
the following:

1. All breastfed infants unless they are weaned to at
least 500 mL per day of vitamin D-fortified for-
mula or milk.

2. All nonbreastfed infants who are ingesting less
than 500 mL per day of vitamin D-fortified for-
mula or milk.

3. Children and adolescents who do not get regular
sunlight exposure, do not ingest at least 500 mL
per day of vitamin D-fortified milk, or do not take
a daily multivitamin supplement containing at
least 200 IU of vitamin D.
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