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ABSTRACT

There are increasing reports of rickets and vitamin D deficiency worldwide. Breastfeeding without adequate sunlight exposure and vitamin D

supplementation are the major risk factors. In view of the drive to promote and increase the rate of exclusive breastfeeding, the relationship

among maternal vitamin D status, vitamin D concentration of human milk, and hence vitamin D status of breastfeeding infants deserves

reassessment. This review provides current information on the interrelationship between maternal vitamin D status and the vitamin D status of

the breastfeeding infant. It also reviews the results of ongoing research on the effect of high-dose maternal vitamin D supplementation alone as

a possible option to prevent vitamin D deficiency in the breastfeeding mother-infant dyad. Adv. Nutr. 3: 353–361, 2012.

Introduction
There are global efforts to promote breastfeeding as optimal
nutrition in early infancy. There are, however, increasing re-
ports worldwide of vitamin D deficiency and rickets among
breast-fed infants who lack adequate sunlight exposure and
do not receive vitamin D supplementation (1–4). Maternal
vitamin D status and human milk vitamin D concentration
significantly affect infant vitamin D status and, therefore,
should be of global concern. This review focuses on the in-
terrelationship among maternal vitamin D status and intake,
human milk vitamin D concentration, and vitamin D status
of the breastfeeding infants. It also presents the findings of
recent research indicating that vitamin D deficiency could
be an underrecognized global mother-infant health problem
and that maternal vitamin D supplementation alone could

increase milk vitamin D concentration significantly and pos-
sibly provide an option for optimizing the vitamin D status
of the mother and her breast-fed infant.

Vitamin D physiology and functions
Vitamin D is produced after skin exposure to UVB radiation
with the conversion of pre–vitamin D-3 to vitamin D-3
(cholecalciferol). This process accounts for 90% of vitamin
D in the body in unsupplemented individuals (5). Very
few foods contain vitamin D, and the main dietary sources
include fortified milk or juice and fatty fish (5). Sunshine
deprivation and lack of adequate vitamin D intake have
been reported in studies and reviews to account for the
high prevalence of vitamin D deficiency in children (1–3,6).

Vitamin D is transported to the liver where it is hydroxyl-
ated to 25-hydroxyvitamin D [25(OH)D6; calcidiol], which is
the major circulating vitamin D used in assessing body vita-
min D status. The 25(OH)D is hydroxylated in the kidney
to produce themost active metabolite, 1,25-dihydroxyvitamin
D (calcitriol), which is responsible for calcium and phospho-
rous absorption from the gut and resorption of calcium from
bone to maintain calcium and phosphorous homeostasis and
bone mineralization (5). It is now known that immune cells
and many organs can synthesize 1,25-dihydroxyvitamin D
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and express vitamin D receptors. Therefore, in addition to
maintaining bone health, vitamin D may be important in im-
munomodulation, regulation of cell growth, and cardiovascu-
lar health (7).

Vitamin D deficiency in children
In children, long-term overt vitamin D deficiency leads to
rickets with significant skeletal deformities and poor growth.
Additionally, low vitamin D status at birth and in infancy has
recently been linked to an increased risk of acute lower res-
piratory tract infections including respiratory syncytial virus
infections in studies from India (8), Bangladesh (9), and the
Netherlands (10).

In a review from the United States (US) of 22 case reports
during the period 1986–2003, which included 166 patients
with nutritional rickets, it was found that most (96%) of
the children with rickets were breast-fed, and only 5%
were reported to have received vitamin D supplementation.
The infants in the studies were reported to have had mini-
mal sunlight exposure, although this was not quantified
(4). In a case-control study of 38 children with vitamin D
deficiency rickets and 50 nonrachitic children from the
United Arab Emirates (1), the authors found that 92% of
the rachitic children compared with 58% of nonrachitic
children (P = 0.004) were still breastfeeding at presentation,
and the prevalence of vitamin D supplementation among ra-
chitic compared with nonrachitic children was 8% vs. 38%,
respectively (P = 0.001). Furthermore, the reported median
number of minutes of sunlight exposure per day was signif-
icantly lower in rachitic than nonrachitic infants (0 vs. 45, P
= 0.001). Taken together, these studies showed that breast-
feeding without adequate sunlight exposure and vitamin D
supplementation are important risk factors for vitamin D
deficiency rickets in breast-fed infants. It was also noted
that mothers of infants with vitamin D deficiency rickets
had a higher prevalence of vitamin D deficiency compared
with mothers of nonrachitic children (1). There appears to
be a relationship between maternal vitamin D status and
the vitamin D status of the unsupplemented breastfeeding
infant. The connection could be that maternal vitamin D de-
ficiency during lactation may increase the likelihood of low
human milk vitamin D concentration (11).

Sources of vitamin D in breastfeeding infants
The natural sources of vitamin D in breastfeeding infants are
previous placental transfer, human milk, and sunlight expo-
sure. The vitamin D stores in the infant at birth depend on
maternal vitamin D status during pregnancy and start phys-
iologically with transplacental transfer of vitamin D as 25
(OH)D (12). It is well-known that there is a positive corre-
lation between maternal and cord blood 25(OH)D concen-
trations, and, generally, the cord blood 25(OH)D level is
between 50% and 80% of the maternal value (12). After
birth, the source of vitamin D for an exclusively breastfeed-
ing infant will depend on sunlight exposure and vitamin D
intake from the human milk, mostly as parent vitamin D
and 25(OH)D (13–15). The milk of healthy lactating women

contains relatively small amounts of vitamin D and 25(OH)D
and is usually considered insufficient to prevent vitamin D
deficiency in exclusively breast-fed infants if sunlight expo-
sure is limited (16,17). However, recent studies showed that
high-dose vitamin D supplementation of 4000 IU/d and 6400
IU/d of vitamin D of healthy lactating mothers can increase
the vitamin D concentration of milk to a level that supplies
adequate vitamin D intake for the breastfeeding infant even
though both mother and infant were limited in sunlight ex-
posure (18,19). Therefore, reassessment of the human milk
vitamin D concentration and maternal factors that affect its
quantity is timely to investigate a strategy to optimize vita-
min D intake from human milk and thus vitamin D status
of breast-fed infants (13,14,18).

Effect of currently recommended maternal
vitamin D intake and sun exposure, and season
on human milk vitamin D content
Most of the studies of human milk vitamin D concentra-
tion were reported >2 decades ago from North America
and Europe. The vitamin D concentration of the milk
was expressed as antirachitic activity (ARA) based on the
biological activity values of the vitamin D and the vitamin
D metabolite [25(OH)D] in human milk (14,20). In gen-
eral, the mean ARA of the human milk in healthy lactating
women, unsupplemented or supplemented with existing
recommended vitamin D intake, ranges from 10 to 80 IU/
L (14–16,18,19,21,22) (Table 1). These values lead to low
vitamin D intake in the breast-fed infant compared with
the recommended intake of 400 IU/d of vitamin D (23,24)
if human milk is sole source of vitamin D.

A study from the United States (14) showed that the total
milk vitamin D concentration correlated with vitamin D in-
take and that human milk vitamins D-3 and D-2 (ergocalcif-
erol) and 25-hydroxycholecalciferol were lower in black than
in white women (Table 2). The authors suggested that this
was because of the lower vitamin D intake and sun exposure
among black women than white women. In another study of
the effect of a 1.5 minimal erythemic dose of total-body
UVB radiation on milk vitamin D concentration in 5 white
lactating women (13), the serum total vitamin D-3 concen-
tration increased from 1.0 mg/L (2.5 nmol/L) at baseline to
23 mg/L (57.5 nmol/L) and 22.5 mg/L (56.3 nmol/L) at 24
and 48 h and then decreased to 4 mg/L (10 nmol/L) and 3
mg/L (7.5 nmol/L) at 7 and 14 d, respectively. Similarly,
the human milk vitamin D concentration at baseline was
150 pg/mL and increased to 1100 and 1600 pg/mL at 24
and 48 h, respectively, and then decreased to 400 and 350
pg/mL at 7 and 14 d, respectively. In a study from Finland
(16), the mean (range) of milk ARA of 124 IU/L (19–332
IU/L) in summer was significantly higher than the value of
14 IU/L (8–30 IU/L) in winter. These studies indicate that
maternal sunlight exposure will be expected to increase hu-
man milk vitamin D concentration.

Despite the association between sunlight exposure and
human milk vitamin D concentration, there are no reports
of the effect of long-term sunlight exposure of the mother
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on her milk vitamin D concentration. In addition, there are
no comparative studies of the human milk vitamin D con-
centration in mothers living in geographic areas of low
and high sunlight exposure behaviors. Such studies would
provide valuable information on the effect of natural long-
term sun exposure or lack of exposure on human milk vita-
min D concentration.

Despite an abundance of sunshine, studies from the Mid-
dle East show that there is a high prevalence of vitamin D
deficiency in women of childbearing age, mainly attributed
to cultural avoidance of sunlight and traditional dress style
that cover most of the body while outdoors, and inadequate
vitamin D intake (25,26). We showed that there is a high
prevalence of vitamin D deficiency in exclusively breastfeed-
ing Arab mothers and their infants in the United Arab Emir-
ates and postulated that very low milk vitamin D in these
vitamin D–deficient mothers contributed to the vitamin D
deficiency in their infants (27,28). In view of the lack of
data on human milk vitamin D concentration in Arab
women, we tested this hypothesis recently by examining
the vitamin D status of human milk in a subset of Arab

mothers participating in an open randomized parallel group
trial of either 2000 IU/d or 60,000 IU/mo of vitamin D sup-
plementation. The study design and the sociodemographic
characteristics of subjects in the main study have been pre-
viously reported (28). Briefly, the lactating mothers reported
a low average vitamin D intake of 192 IU/d and very low
mean sunlight exposure of 7 min/wk. Eight of the 45 lactat-
ing women participating in the main study donated milk at 2
wk postpartum (baseline) during the period September
2005 to February 2006. Previous study showed no seasonal
variation in vitamin D status in this community (29). The
human milk vitamin D concentration in the 8 lactating
women was measured as previously described (15). The 8
mothers who donated milk were not different from the
main study population with respect to age, vitamin D in-
take, and sun exposure (data not shown). At 2 wk postpar-
tum, all the 8 mothers were vitamin D deficient, defined as
serum 25(OH)D <50 nmol/L (30). The median (range) se-
rum 25(OH)D level was 16.5 nmol/L (6.5–44 nmol/L). The
human milk vitamin D concentration (expressed as ARA)
was below detectable level of the assay (<20 IU/L) in all

TABLE 2. Breast milk vitamin D and 25-hydroxyvitamin D concentrations by race1

Breast milk metabolites

Mean concentration, pg/mL (95% CI)

P ValueNo. White No. Black

Vitamin D-3 (cholecalciferol) 14 268 (127–567) 10 36 (22–58) 0.002
Vitamin D-2 (ergocalciferol) 14 290 (164–512) 10 54 (22–134) 0.001
25-Hydroxyvitamin D-3
(25-hydroxycholecalciferol)

15 124 (97–159) 10 87 (75–101) 0.03

25-Hydroxyvitamin D-2
(25-hydroxyergocalciferol)

15 82 (64–105) 10 66 (52–85) 0.21

Total antirachitic activity, IU/L 2 64 34
1 Reproduced with permission from (14).
2 Conversions to antirachitic activity in international units/liter were based on the following: 25 pg/mL of vitamins D-3 and D-2 = 1 IU/L and 5
pg/mL of 25-hydroxyvitamins D-3 and D-2 = 1 IU/L.

TABLE 1. Studies of vitamin D concentration of human milk1

Reference Country/race

Maternal
Vitamin D
intake

Time
Postpartum No. Season

Mean
Antirachitic activity,

IU/L1

Hollis et al., 1981 (21) US/white NSP 1–21 d 5 NSP 25
Hollis et al., 1986 (15) US/NSP 400 IU/d 14–90 d 51 All 33–68
Ala-Houhala et al. ,1988 (16) Finland/white No supplement 8 wk 20 Winter 14 (8–30)

8 wk 20 Summer 124 (19–332)
Atkinson et al., 1987 (22) Canada

400 IU/d 14–21 d2 8 NSP 80 6 9
400 IU/d 14–21 d3 9 NSP 60 6 7

Specker et al., 1985 (14) US
White 512 IU/d NSP 15 All 68
Black 365 IU/d NSP 10 35

Hollis et al., 2004 (18) US
White (n = 7), black (n = 2) NSP 28 d 9 All 40.4 6 3.7
White (n = 6), black (n = 3) NSP 28 d 9 All 35.5 6 3.5

Wagner et al., 2006 (19) US
White (n = 6), Hispanic (n = 2),
black (n = 2)

273 6 274 IU/d 28 d 10 All 59.6

1 Values are mean (range) or mean 6 SD. Antirachitic activity was calculated from measurement of milk vitamin D and 25-hydroxyvitamin D concentrations and converted to
biological activity, from reference data (20,21). NSP, not specified.

2 Preterm mothers.
3 Term mothers.
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the 8 women (11). After 3 mo of supplementation with 2000
IU/d or 60,000 IU/mo of vitamin D-2 supplementation, the
milk ARA only increased to a median (range) of 51 IU/L
(10–63 IU/L), which is similar to values reported in women
taking recommended vitamin D supplementation of 400 IU/
d in the US (15). To our knowledge, this is the first reported
study of undetectable human milk vitamin D concentration
related to long-term sunshine deprivation in lactating
women (11).

Taken together, the reported studies indicate that human
milk vitamin D concentration correlates with maternal vita-
min D intake and UVB exposure and varies with season. Vi-
tamin D concentration of milk in healthy women is low,
even with currently recommended vitamin D intake, and
would theoretically provide inadequate vitamin D intake
compared with recommended intake for infants.

Maternal vitamin D status during pregnancy
and vitamin D status of infants at birth
Because vitamin D status of the mother during pregnancy is
important in determining the vitamin D status of the infant
at birth, the strong relationship between maternal and cord
blood vitamin D status (12), vitamin D deficiency during
pregnancy should be of concern, especially if the mother is
planning to exclusively breastfeed. Review of recent studies
(31) indicates that vitamin D deficiency is highly prevalent
in pregnancy in many countries and is related to limited
sun exposure and inadequate vitamin D intake (32–42). Fig-
ure 1 shows that vitamin D deficiency, defined as serum 25
(OH)D <50 nmol/L in the Institute of Medicine’s most re-
cent report (24), is a global health problem during preg-
nancy. The reported prevalence of vitamin D deficiency in

pregnancy ranges from 18% in non-Hispanic whites in the
United States (32) to 42–48% in Canada (33), Australia
(34), and United Kingdom (35) and 68–82% in African-
American mothers in the United States (32), and in white
mothers in Finland (36) and New Zealand (37). The preva-
lence ranges from 72% in India (39) to 98% in the Middle
East (43). More alarming is the very high prevalence of se-
vere deficiency [serum 25(OH)D <25 nmol/L], which could
be detrimental to the health of the mother by increasing the
risk of maternal osteomalacia, and low bone mineral content
of her infant later in childhood (35). The high prevalence of
very low vitamin D stores in the mother indicates that a sig-
nificant proportion of infants worldwide could be born with
low vitamin D stores.

Vitamin D status of exclusively breastfeeding
mothers and their nursing infants
Recent studies (27,43–47) indicate that vitamin D deficiency
in exclusively breast-fed infants appears to be an underdiag-
nosed public health problem in many countries and that
rickets may be an underrepresentation of the magnitude
of vitamin D deficiency. The reported prevalence of vitamin
D deficiency in unsupplemented exclusively breast-fed in-
fants is summarized in Table 3. Because the current recom-
mended cutoff value for vitamin D deficiency in children is
defined as serum 25(OH)D <50 nmol/L (<20 mg/L) (23,24),
the cutoff values of serum 25(OH)D levels <25–37.5 nmol/L
(<10–12 mg/L) used in most studies in the table are very
conservative. The prevalence of serum 25(OH)D <25–37.5
nmol/L in exclusively breast-fed infants was 18% in a study
from the US (43), 27% in Greece (45), 43–51% in India
(46), and 82% in the United Arab Emirates (27). In recent

Figure 1 International
comparison of recent studies of
vitamin D deficiency using
recommended cutoff values (24).
There is a high prevalence of
vitamin D deficiency (serum 25-
hydroxyvitamin D ,50 nmol/L)
globally. Very low vitamin D
status (serum 25-hydroxyvitamin
D ,25–30 nmol/L) appears also
to be widespread. Adapted with
permission from (31).
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studies from Cincinnati, Ohio (43) and Charleston, South
Carolina (47) in the US, the prevalence of vitamin D defi-
ciency in breast-fed infants based on the current cutoff value
of serum 25(OH)D <50 nmol/Lwas 76% and 72% at 4 wk of
age, respectively. In 3 studies in which maternal vitamin D
status of breastfeeding infants was evaluated, maternal vita-
min D deficiency [serum 25(OH)D <50 nmol/L] was found
in 10% of white and 43% of black mothers in the United
States (43) and 62% of Arab mothers in the United Arab
Emirates (27).

Previous studies from the US (48,49) and New Zealand
(50) showed that during the first 4 mo of life, unsupple-
mented exclusively breast-fed white infants who had ade-
quate vitamin D stores at birth or during the first 2 wk of
life and whose lactating mothers had normal mean serum
25(OH)D levels had mean serum 25(OH)D levels 2- to 4-
fold higher than unsupplemented exclusively breast-fed in-
fants in at-risk populations such as United Arab Emirates
and Pakistan (27). A high prevalence of vitamin D deficiency
in lactating mothers contributed to the low vitamin D status
in the Arab (27) and Pakistani (51) infants.

It would appear that in at-risk populations, a combination
of a high prevalence of maternal vitamin D deficiency in preg-
nancy and during lactation and the expected low humanmilk
vitamin D concentration contributes to the high prevalence of
vitamin D deficiency in unsupplemented exclusively breast-
fed infants who lack sun exposure. Therefore, preventive
strategies starting from pregnancy theoretically should target
both mother and infant.

Strategies for prevention of vitamin D defi-
ciency in exclusively breast-fed infants
Multiple studies from the US and Europe show that supple-
mentation of breastfeeding infants with 400 IU/d of vitamin
D is sufficient to prevent vitamin D deficiency when sun expo-
sure is limited (16,19,47,52). It is, therefore, recommended
that all breastfeeding infants in North America and the United
Kingdom receive 400 IU of vitamin D supplement orally, as-
suming minimal sunlight exposure (23,24,53). It is, however,
unknown whether such intake is adequate in dark-skinned in-
fants and in parts of the world where there is a high prevalence
of severe vitamin D deficiency (11). There is also the issue of
poor compliance with vitamin D supplementation of breast-
feeding infants (54,55). Furthermore, the strategy of vitamin
D supplementation of the breastfeeding infant does not ad-
dress the concomitant high prevalence of vitamin D deficiency

in their mothers. Current areas of research have, therefore, fo-
cused on whether maternal vitamin D supplementation alone
can improve the vitamin D status of the mother and increase
the vitamin D concentrationof the human milk to a level that
would meet the requirements of her nursing infant.

Increasing maternal and breast milk vitamin D
status
Although maternal UVB exposure can increase vitamin D
concentration of milk (13), the effect of long-term maternal
UVB exposure on milk vitamin D concentration has not
been reported, probably because of the concern of an associ-
ation between long-term sunlight exposure and skin cancer
(56). Ongoing research activities to increase human milk vita-
min D concentration have focused on high-dose maternal vi-
tamin D supplementation alone.

Maternal vitamin D supplementation of at least 2000 IU/d
is required to provide a significant amount of vitamin D in
the breast milk for breastfeeding infants. In an older study
from Finland (16), the authors studied 3 groups of healthy,
well-nourished exclusively breastfeeding white Finnish
mothers during the winter months of January to April. In
group 1, 17 mothers were supplemented with 2000 IU/d of vi-
tamin D-3 and the infants were not supplemented. In group
2, 16 mothers were given 1000 IU/d of vitamin D-3 and the
infants were not supplemented. In group 3, 16 mothers
were not supplemented, but their breast-fed infants were sup-
plemented with 400 IU/d of vitamin D-3. At delivery, the cord
blood 25(OH)D concentrations were similar in the 3 groups.
At 8 wk of age, the serum 25(OH)D concentration in infants
in groups 1 and 3 was similar, but significantly lower in group
2 (P < 0.01), and 3 of the infants in the latter group had serum
25(OH)D levels#12.5 nmol/L, described as the risk limit for
rickets. At 15 wk of age, the serum 25(OH) D concentrations
were still significantly lower in group 2 than in groups 1 and 3
(P < 0.01). The maternal milk vitamin D concentration was
not measured in this study. The authors concluded that 1) vi-
tamin D supplementation of 400 IU/d to breast-fed infants is
adequate to prevent vitamin D deficiency during winter in
northern latitudes, 2) breast milk does not have enough
ARA even when the mothers are supplemented with 1000
IU/d of vitamin D-3, and 3) an adequate supply of vitamin
D in the breast milk to the breast-fed infants is achieved
only by increasing maternal vitamin D supplementation to
2000 IU/d of vitamin D-3, and 4) the safety of such supple-
mentation on a long-term basis should be investigated.

TABLE 3. Prevalence of vitamin D deficiency in exclusively breast-fed infants from recent studies1

Reference Location
Study participants,

no.
Age at
study

Time of
year

Prevalence,
%

Cutoff serum
25(OH)D, nmol/L

Challaet al., 2005 (45) Ioannina, Greece 66 6 mo All 27 ,25
Bhalala et al., 2007 (44) Mumbai, India 35 3 mo NS 51 ,37.5
Seth et al., 2009 (46) New Delhi, India 180 2–24 wk All 43 ,25
Dawodu et al., 2003 (27) Al Ain , United Arab Emirates 78 1–4 mo All 82 ,25
Dawodu et al., 2010 (43) Cincinnati, Ohio, United States 87 1 mo All 18

76
,25
,50

Wagner et al., 2010 (47) Charleston, South Carolina, United States 33 1 mo All 72 ,50
1Divide values by 2.5 to convert to mg/L. 25(OH)D, 25-hydroxyvitamin D.
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After a lag of 2 decades and because of increasing reports
of rickets (3,4) and a high prevalence of vitamin D deficiency
in breastfeeding infants (27,45) and new data from adults on
the safety of intake of up to 10,000 IU/d of vitamin D for 5
mo (57), a pilot study was undertaken in Charleston, South
Carolina in the US to expand the earlier Finnish study by ex-
amining the effect of 2000 IU/d and 4000 IU/d of vitamin D-2
supplementation alone in lactating women on maternal vi-
tamin D status, human milk vitamin D concentration, and
vitamin D status of nursing infants (18). In the study, 2
groups of fully lactating women were enrolled at 1 mo post-
partum. In group 1, 9 mothers (3 African American and 6
white) were randomly assigned to receive 2000 IU/d of vita-
min D (as prenatal vitamin D-3, 400 IU and 1600 IU vitamin
D-2). In group 2, 9 mothers (2 African American and 7
white) were randomized to receive 4000 IU/d of vitamin D
(as prenatal vitamin D-3 of 400 IU and 3600 IU of vitamin
D-2). Vitamin D-2 was used to track the contribution of vi-
tamin D-2 supplement to the increase in milk vitamin D
concentration and the transfer from the mother to the in-
fant. The subjects were instructed to limit sun exposure
for mothers and infants during the study period.

After 3 mo of supplementation, the high-dose 3600 IU/d of
vitamin D-2 increased maternal serum 25-hydroxyergocalcif-
erol from baseline significantly by 23.2mg/L (58 nmol/L) com-
pared with a mean increase of 17.0 mg/L (42.5 nmol/L) in
mothers receiving 1600 IU/d of vitamin D-2 (P < 0.01). At en-
rollment, the ARA in the milk of mothers was similar in the 2
groups (35.5 vs. 40.4 IU/L) and was comparable to milk ARA of
33–68 IU/L in an earlier report (15). Mothers receiving 4000 IU/
d of vitamin D had higher ARA of milk than those receiving
2000 IU/d of vitamin D (Fig. 2). The average increase in

ARA of milk in mothers receiving 4000 IU/d of vitamin D
was 94.2 IU/L compared with 34.2 IU/L in mothers receiving
2000 IU/d of vitamin D. The increase in the milk vitamin D
concentration was associated with both vitamin D-2 and the
metabolite 25-hydroxyvitamin D-2 as expected (14,15).

The vitamin D status of the breastfeeding infants reflected
vitamin D intake from the milk. After 3 mo of supplementa-
tion, the infants of mothers in the 2000 IU/d group had signif-
icantly lower serum 25-hydroxyvitamin D-2 levels than infants
of mothers on 4000 IU/d (6.06 1.1 mg/L (15.06 2.7 nmol/L)
vs. 12.0 6 1.4 mg/L (30.0 6 3.5 nmol/L), P = 0.003). Infant
serum 25(OH)D at the end of the study was 27.8 mg/L
(69.5 nmol/L) in the 2000 IU/d group compared with 30.8
mg/L (77.0 nmol/L) in the 4000 IU/d group. The authors ob-
served no evidence of hypercalcemia or hypercalciuria in the
mothers, indicating no evidence of vitamin D toxicity.

The study indicates that maternal vitamin D intake of
2000 IU/d increases the vitamin D status of the mother
and her milk and the vitamin D status of the infant, and ma-
ternal vitamin D intake of 4000 IU/d may ensure adequate vi-
tamin D status of both the mother and nursing infant. The
authors suggested additional detailed studies to determine
optimal vitamin D supplementation for lactating women.

Randomized, controlled trial of high-dose
maternal vitamin D supplementation of
breastfeeding mothers
Another recent study from the US investigated the effect of
high-dose maternal vitamin D-3 supplementation on the vi-
tamin D status of breastfeeding mothers and their infants
in a pilot randomized, controlled trial (19). Two groups of
fully lactating women were enrolled at 1 mo postpartum

Figure 2 Milk antirachitic
activity (mean 6 SEM) over time
in lactating mothers receiving
2000 IU/d (n = 9) or 4000 IU/d (n
= 9) of vitamin D. Whole-milk
samples were evaluated for
vitamin D antirachitic activity
from measurements of vitamin
D-2, vitamin D-3, 25-
hydroxyvitamin D-2, and 25-
hydroxyvitamin D-3
concentrations in the milk. The
values were converted to
antirachitic activity (IU/L) using
reference from biological activity
assays. Reproduced with
permission from (18).
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and followed for 6 mo. In group 1, 9 mothers received 400
IU/d of vitamin D-3, and the infants were given 300 IU/d of
vitamin D-3. In group 2, ten mothers were given 6400 IU/d
of vitamin D-3, and the infants received placebo. The
mothers were advised to limit sun exposure for themselves
and their infants. On enrollment at 1 mo postpartum, the
mothers receiving 400 IU/d of vitamin D-3 had mean se-
rum 25(OH)D of 32.2 mg/L (80.5 nmol/L), which was sim-
ilar to 34.0 mg/L (85 nmol/L) in mothers receiving 6400
IU/d of vitamin D-3.

At 7 mo postpartum, mothers receiving 6400 IU/d of vi-
tamin D-3 increased their mean serum 25(OH)D levels to
58.8 mg/L (147 nmol/L) compared with 38.4 mg/L (96.0
nmol/L) in mothers receiving 400 IU/d of vitamin D-3.
The mean ARA in the milk of mothers receiving 6400 IU/
d vitamin D-3 varied significantly from 82.4–873.5 IU/L,
whereas the mean milk ARA in mothers receiving 400 IU/
d varied little during the study, ranging from 45.7 to 78.6
IU/L. After the 6 mo of vitamin D-3 supplementation, the
mean ARA in milk was significantly higher in the 6400
IU/d group than the 400 IU/d group (873 vs. 76.3 IU/L, P
= 0.0003). The result indicates that maternal vitamin D
supplementation of 6400 IU/d (19) was more effective in in-
creasing milk ARA than 4000 IU/d (18).

At baseline, the mean serum 25(OH)D concentration in
infants in both groups 1 and 2 (13.0 mg/L) (32.5 nmol/L)
vs. 14.0 mg/L (35 nmol/L), respectively, were similar and
low. At the end of the study, the mean serum 25(OH)D level
of 46mg/L (115 nmol/L) in infants whose sole dietary vitamin
D intake was from the breast milk of the mother was similar
to the level of 43 mg/L (108 nmol/L) in infants supplemented
with 300 IU/d of vitamin D-3 orally. Although the high upper
limit of ARA of milk of mothers receiving 6400 IU/d of vita-
min Dmay be of concern, there was no evidence of early signs
of vitamin D toxicity in infants, and the mothers, based on
serum calcium levels and urinary calcium-to-creatinine ratio
measurements. The authors concluded that maternal intake
of 400 IU/d of vitamin D-3 will provide limited vitamin D in-
take for breastfeeding infants. However, maternal intake of
6400 IU/d of vitamin D-3 increased milk vitamin D signifi-
cantly and provided vitamin D intake to the nursing infant
similar to oral supplementation of 300 IU/d of vitamin D-3,
which was considered sufficient to prevent vitamin D defi-
ciency in the infant. It would appear from this study that it
is possible to increase the milk vitamin D concentration to
a level that will provide adequate intake for the nursing infant.
The recommended dietary allowance of 600 IU of vitamin D
for lactating women in the new Institute of Medicine report
(24) did not address the vitamin D dietary intake of lactating
mothers to meet the need of both mother and her nursing in-
fant. Based on the results of high-dose maternal vitamin D
supplementation (18,19), the Endocrine Society recommen-
ded a daily intake of 4000–6000 IU of vitamin D for the lac-
tating mother if the infant is not receiving 400 IU/d (58). If
the objective of vitamin D supplementation during lactation
is to optimize maternal vitamin D status and achieve vitamin
D sufficiency in both mother and infant through maternal

supplementation alone, there is a need for larger studies to
identify the appropriate safe and effective dose. Therefore, if
the safety and effectiveness of the 6400 IU/d of vitamin D ma-
ternal supplementation is confirmed in large studies in differ-
ent locations, it could be a step forward as an option to
prevent vitamin D deficiency in breastfeeding mothers and
their nursing infants.

Conclusions
Human milk vitamin D reflects maternal vitamin D intake
and the amount of maternal UVB exposure. Vitamin D con-
centration of human milk is low in subjects on existing rec-
ommended maternal vitamin D intake and is insufficient to
meet the needs of breastfeeding infants. Vitamin D deficiency
is widespread during pregnancy and lactation and may in-
crease the likelihood of vitamin D deficiency in breastfeeding
infants who do not receive adequate sunlight exposure and vi-
tamin D supplementation. The results of infant supplementa-
tion studies indicate that oral vitamin D supplementation of
400 IU/d meets the requirements of breastfeeding infants, as-
suming limited sun exposure. Recent studies show that high-
dose maternal vitamin D supplementation during lactation
with 4000–6400 IU/d of vitamin D substantially increases
mother and infant vitamin D status without adverse events
and provides a possible option to prevent vitamin D defi-
ciency in the mother and her nursing infant.

Future directions
There is a need for larger global comparative data of human
milk vitamin D concentration from different geographic lo-
cations with different sunlight exposure behaviors and pat-
tern of dietary vitamin D intake. The results might provide
data on geographic differences in human vitamin D concen-
tration caused by variation in UVB exposure and dietary vi-
tamin D intake. Studies are warranted to determine whether
there is a safe UVB exposure to prevent vitamin D deficiency
without increasing the risk of skin cancer. Larger studies are
warranted to compare the effect of high-dose supplementa-
tion of lactating mothers alone versus oral supplementation
of the infant to prevent vitamin D deficiency and rickets in
breastfeeding infants, assuming limited sun exposure. Fu-
ture research should investigate the effect of adequate mater-
nal supplementation in pregnancy on optimal vitamin D
requirements during lactation to prevent vitamin D defi-
ciency in mother-infant pairs.
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