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Background

Vitamin D (cholecalciferol) is a steroid hormone photosyn-
thesized in the skin when exposed to appropriate ultraviolet 
B wavelengths. Receptors for vitamin D are found through-
out the body and are important for multiple functions 
beyond bone health. There has been a long-held belief that 
human breast milk contains such small amounts of vitamin 
D that it is inadequate to meet infant dietary vitamin D 
needs.1,2 However, research dating back to the 1980s demon-
strated that breast milk vitamin D content was directly 
related to maternal serum vitamin D levels and can be 
increased by increasing maternal exposure to ultraviolet B 
radiation or maternal intake of vitamin D.3-5 More recent 
findings point to maternal vitamin D deficiency as the pre-
cursor to breast milk vitamin D inadequacy, supported by 
evidence linking adequate maternal vitamin D supplementa-
tion with increases in breast milk vitamin D content.6-9

There continue to be gaps in evidence regarding appropri-
ate maternal supplement dosing and serum 25-hydroxy 
vitamin D (25[OH]D) levels that correspond to adequate 

infant intake of vitamin D received solely from breast milk. 
However, breast milk is considered the gold standard for 
infant nutrition, offering a complement of antibodies, macro-
nutrients, and nutritional balance unsurpassed by any substi-
tute. Therefore, maternal nutrition should be optimized to 
impart the best nutrition to exclusively breastfed infants. 
Additionally, mothers may become concerned about their 
breast milk’s ability to supply everything that their infants 
need if told that it is inadequate in this way. It is imperative 
that we reduce barriers to exclusive breastfeeding and enable 
mothers to rely fully on their breast milk to meet the needs of 
their infants. The importance of vitamin D to infant health is 
underscored by recent findings demonstrating a correlation 
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Abstract

Maternal vitamin D insufficiency during lactation, related to lack of sun exposure and minimal intake of vitamin D from the 
diet, contributes to low breast milk vitamin D content and, therefore, infant vitamin D deficiency. The objective of this review 
was to examine the literature regarding evidence for achieving maternal vitamin D status that promotes sufficient vitamin D 
transfer from mother to infant exclusively from breast milk. PubMed and CINAHL databases were searched using the terms 
lactation or breastfeeding or milk, human and vitamin D. The resulting articles were further limited to those written in English, 
published within the last 10 years, and involving clinical or randomized controlled trials of humans. The search yielded 13 
studies, 3 of which provide evidence for maternal intake of vitamin D and the correlation with exclusively breastfed infants’ 
serum 25-hydroxyvitamin D level. A strong positive correlation exists between maternal vitamin D intake during exclusive 
breastfeeding and infant serum 25-hydroxyvitamin D levels. There is support to conclude that when maternal vitamin D 
intake is sufficient, vitamin D transfer via breast milk is adequate to meet infant needs. In the reviewed studies, doses up to 
10 times the current recommended daily intake of vitamin D were needed to produce sufficient transfer from mother to 
breastfed infant. Further research is needed to refine the dose and gestational timing of maternal vitamin D supplementation. 
Due to the high rates of vitamin D deficiency during lactation and the correlations between vitamin D deficiency and multiple 
diseases, providers should consider monitoring lactating mothers’ vitamin D status.
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between vitamin D deficiency and asthma/wheeze, atopic 
dermatitis, early infancy upper respiratory infection, type 1 
diabetes, and innate immune response.10-16

Currently, the American Academy of Pediatrics recom-
mends that all breastfed infants receive a supplement of 400 
IU of oral vitamin D daily starting at birth because of the 
lack of adequate vitamin D transferred to infants through 
breast milk.17 All infants rely on external sources of vitamin 
D because direct sun exposure is minimized due to possible 
harm. Infant formulas contain vitamin D, negating the need 
for additional vitamin D supplementation for formula-fed 
infants. In fact, findings from a recently published longitu-
dinal study demonstrate that breastfed infants receiving 
vitamin D supplement and infants receiving formula had 
similarly low rates of vitamin D deficiency at 4 months of 
age. Additionally, the authors reported that 40% of breastfed 
infants not receiving a vitamin D supplement were vitamin 
D deficient.18

Although referred to as a vitamin, vitamin D is actually a 
steroid hormone that acts on almost all body tissues.19 
Vitamin D is naturally synthesized in the skin when exposed 
to ultraviolet B radiation from sunlight. The lighter a per-
son’s skin, the less time needed in the sun to synthesize the 
daily requirement of vitamin D. When synthesized in the 
skin or ingested in supplement form, vitamin D binds with 
the vitamin D–binding protein and travels to distant sites in 
the circulation. Once in circulation, vitamin D is converted 
in the liver to 25[OH]D, which is the major circulating form 
and is used for evaluating vitamin D status. To be biologi-
cally active, the 25[OH]D is further converted to 1,25 dihy-
droxyvitamin D (1,25[OH]

2
D). This final conversion is 

completed by the enzyme 1-α-hydroxylase, which was 
known to exist in the kidney and has more recently been 
found in placental, breast, and immune system cells.20-22 The 
active 1,25[OH]

2
D binds with nuclear receptor sites on 

DNA, leading to protein synthesis and regulation.
Historically, it has been understood that the role of vita-

min D in the body is to maintain calcium homeostasis. 
Vitamin D acts in the intestine to increase calcium absorp-
tion. As vitamin D levels drop, absorption of calcium and 
phosphorous from the intestine is similarly reduced. 
Subsequent lower blood calcium and phosphorous levels 
stimulate increased production of parathyroid hormone, 
which maintains blood calcium in a normal range by increas-
ing bone resorption.23 This negative feedback loop ensures 
blood calcium availability; however, chronic activation leads 
to osteoporosis, osteomalacia, and other bone diseases. 
Vitamin D deficiency is the primary culprit in rickets devel-
opment, a bone-deforming disease particularly involving the 
legs, which affects infants and children. More subtle bone 
maladies related to vitamin D deficiency are currently being 
explicated.24

As there have been general advances in understanding 
vitamin D physiology, there have been specific advances in 
understanding vitamin D physiology during pregnancy and 

lactation.25,26 There is an almost immediate increase in mater-
nal 1,25[OH]

2
D during pregnancy that promotes the increased 

intestinal absorption of calcium.25,27 Maternal calcium 
absorption increases during pregnancy, with maximal rate of 
calcium absorption seen in the third trimester, as the fetal 
skeleton is being developed.28 However, recent studies report 
that despite the 3- to 4-fold increase in 1,25[OH]

2
D—which 

would promote increased calcium absorption—maternal 
serum and urine calcium levels remain in the normal range.26 
If a nonpregnant woman sustained such high 1,25[OH]

2
D 

levels, she would experience hypercalcemia and hypercalcu-
ria. Researchers postulate that instead of playing a calcium 
homeostasis role, these high levels of 1,25[OH]

2
D are respon-

sible for immune modulating effects.26 Additionally, 25[OH]
D crosses the placenta readily, but 1,25[OH]

2
D does not cross 

it easily, leading to 25[OH]D deficiency in the fetus or neo-
nate born to a 25[OH]D-deficient mother.28 These pregnancy-
specific physiologic changes related to vitamin D and calcium 
metabolism are not yet fully understood.26

Unlike the process that occurs during pregnancy, very 
little 25[OH]D passes from the maternal circulation to breast 
milk. Instead, the neonate receives vitamin D in its parent 
form of cholecalciferol in breast milk.25,29,30 Therefore, it is 
critical that maternal serum cholecalciferol levels remain 
adequate, as this is the primary form passed to the neonate. 
However, cholecalciferol is quickly converted to 25[OH]D 
by the mother, thereby disabling it from transfer to the neo-
nate and thus suggesting the need for daily dosing of vitamin 
D to achieve breast milk transfer.25

To discuss the physiologic impact of maternal vitamin D 
status on breast milk vitamin D content, levels of circulating 
25[OH]D must be defined as those corresponding to suffi-
ciency, insufficiency, and deficiency. However, a lack of 
consensus exists regarding defined status based on levels of 
25[OH]D in adults and infants.31-36 Part of the lack of con-
sensus stems from the lack of randomized controlled trials 
on which to base recommendations. Research on the physi-
ologic benefits of vitamin D are almost exclusively observa-
tional and therefore do not provide sufficient evidence for 
generalized recommendations.32,37 Many researchers set a 
25[OH]D level of 30 to 32 ng/mL (80 nmol/L) or greater as 
defining sufficiency, as this corresponds to the minimizing of 
serum parathyroid hormone.38-41 This 25[OH]D level simi-
larly corresponds with adequate bone mineral density.42 
When 25[OH]D levels drop below 20 ng/mL (50 nmol/L), 
there is a corresponding drop in calcium absorption and a 
subsequent development of hyperparathyroidism.38-40,43 
Therefore, there is fairly consistent recognition of 25[OH]D 
levels less than 20 ng/mL (50 nmol/L) as representing vita-
min D deficiency, with some authors reporting levels less 
than 15 ng/mL as extremely deficient. Intermediate levels 
that fall between 20 and 32 ng/mL define the category of 
insufficiency (50-80 nmol/L).

Because so few large randomized controlled trials have 
been conducted with pregnant and lactating participants, 
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there is also no consensus regarding dosing, timing, and type 
of vitamin D supplementation necessary to correct defi-
ciency. Two types of vitamin D are typically used for supple-
mentation: vitamin D

2
 (ergocalciferol), which is made by 

plants in small quantities, and vitamin D
3
 (cholecalciferol), 

which is made by animals and is considered more biologi-
cally available to convert to 1,25[OH]2D.44 As part of an 
extensive analysis of current evidence, the Institute of 
Medicine has updated the recommended daily intake of vita-
min D for all adults, including pregnant and lactating women, 
to 600 IU.32 The American College of Obstetrics and 
Gynecologists has embraced this recommendation as well.31 
The Endocrine Society recommends 600 IU for all pregnant 
and lactating women but suggests that 1500 to 2000 IU may 
be needed to maintain adequate serum 25[OH]D.35

Contemporary research demonstrates widespread vitamin 
D deficiency among pregnant women and breastfed infants, 
despite consistent daily prenatal vitamin use and ingestion of 
vitamin D–containing foods (Table 1).9,19,29,45-51 Studies based 
in several US states document the extent of vitamin D defi-
ciency among newborns. In Oakland, California, researchers 
found that 90% of neonates and 54% of mothers had 25[OH]
D levels consistent with insufficiency.52 South Carolina 
researchers report that 65.5% of African American neonates 
and 24% of white neonates had cord blood 25[OH]D levels 
consistent with extreme deficiency.45 In Massachusetts, 
researchers found that 58% of infants and 35.8% of mothers 
had 25[OH]D levels in the deficient range and that 38% of 

infants and 23.1% of mothers had 25[OH]D levels in the 
extremely deficient range.49 In the relatively sun-rich area of 
Sacramento, California, it was found that 28.3% of infants 
had insufficient 25[OH]D levels, with exclusive breastfeed-
ing being a significant risk factor for vitamin D deficiency.53 
Infants who have darker skin pigmentation, are kept out of 
sunlight, are born in the winter, and are exclusively breastfed 
by a vitamin D deficient mother are at greatest risk for vita-
min D deficiency.28,54,55 These studies provide support for the 
conclusion that maternal and infant vitamin D deficiency is 
prevalent and that further research is needed to explore meth-
ods to minimize this condition.

The rationale for this systematic review was to investi-
gate current evidence regarding vitamin D transfer from 
mother to infant via breast milk and to identify gaps in 
knowledge warranting further research. The objective of 
this review was to evaluate contemporary intervention stud-
ies of lactating women regarding maternal vitamin D sup-
plementation and the resulting infant 25[OH]D status among 
breastfed infants.

Methods
PubMed and CINAHL databases were searched using the 
terms lactation or breastfeeding or milk, human and vitamin 
D. Articles included in this review met the criteria of those 
published within the last 10 years, randomized controlled 
trials, intervention of maternal vitamin D supplementation, 
and outcome measures of maternal vitamin D status and 
breast milk or infant vitamin D status determined by vitamin 
D transfer via breast milk.

A minimum of 2 authors reviewed each study, extracting 
data independently. Consensus was reached through discus-
sion, which included a third author if agreement was not 
achieved. Data abstraction included study design, sample 
characteristics, and dependent variables, including maternal 
vitamin D status, breast milk vitamin D content, and infant 
25[OH]D levels. How the primary authors defined vitamin D 
status was noted to provide appropriate context and interpre-
tation. Statistical analyses were extracted, including associa-
tions, relationships, and group differences, reported by 
measures of significance and variance.

Results
The search of the literature revealed 13 articles. Excluded 
articles pertained to direct infant supplementation and did 
not investigate the relationship between maternal 25[OH]D 
status or vitamin D intake and infant 25[OH]D status.56-65 
Of those articles meeting inclusion criteria, only 4 were 
randomized controlled trials in which lactating mothers 
were supplemented with vitamin D and then followed for 
measurement of their 25[OH]D levels along with those of 
their infants.6-9 Additionally, one of these articles reported 
additional outcomes on the original data set found in Hollis 

Table 1. Vitamin D Content in Naturally Occurring Foods and 
Fortified Food Sources: Ergocalciferol and Cholecalciferol70

International Unitsa

Foods D2 D3

Naturally occurring  
  Cod liver oil, tsp (highly variable) 400-1000
  Salmon, fresh wild caught, 3 oz 375
  Tuna, canned, 12.5 oz 148
  Egg, hardboiled 44
  Mushrooms  
    Portabella exposed to 

ultraviolet B, cup
634  

    Dried shiitake, 4 mushrooms 23  
    Raw white, cup 5  
Fortified  
  2% cow’s milk, 8 oz 98
  Cheddar cheese, 2 oz 14
  Butter, tbsp 9
  Yogurt, cup 127
  Orange juice, cup 100
  Breakfast cereal, cup (highly 

variable)
40

  Infant formula, 8 oz 100

aD
2
, ergocalciferol; D

3
, cholecalciferol.
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and Wagner6; therefore, only their article is included in this 
review.6 In all, 3 articles met inclusion criteria and are 
reviewed here.

In 2004, Hollis and Wagner set out to examine the effec-
tiveness of higher-dose vitamin D supplementation in lactat-
ing women.6 Participants were recruited in South Carolina for 
a 3-month study. Outcome measures included total 25[OH]D, 
serum calcium, parathyroid hormone, and urine calcium/cre-
atinine levels in the mothers and 25[OH]D serum levels for 
the infants. A convenience sample of lactating women (N = 
64) was randomized into 2 treatment groups, with only 18 
women (9 in each group) completing the study after loss to 
follow-up and breastfeeding attrition. Of the 18 women com-
pleting the study, 13 were white and 5 were African American 
(group 1, n = 3; group 2, n = 2). Group 1 received 2000 IU of 
vitamin D (1600 IU as D2 and 400 IU as D3), and group 2 
received 4000 IU of vitamin D (3600 IU as D2 and 400 IU as 
D

3
) daily for 3 months beginning at 1 month postpartum. 

Baseline mean (standard deviation) for 25[OH]D level did 
not differ statistically between the 2 groups: 27.6 ng/mL (3.3) 
in group 1 and 32.9 (2.4) in group 2. Both groups had signifi-
cant increase in mean 25[OH]D levels to 36.1 ng/mL (2.3) 
and 44.5 (3.9), respectively (P < .05 and P < .04, respec-
tively). Breast milk vitamin D content increased significantly: 
35.5 IU/L (3.5) to 69.7 (3.0) (P < .00001) and 40.4 IU/L (3.7) 
to 134.6 (48.3) (P < .00001) in groups 1 and 2, respectively. 
Infants of mothers in both groups had significant increases in 

circulating 25[OH]D. Infants in group 1 increased from a 
mean 25[OH]D level of 7.9 ng/mL (1.1) to 27.8 (3.9) after 3 
months of maternal supplementation (P < .02). Infants of 
mothers in group 2 also had significant increase, from a mean 
25[OH]D level of 13.4 ng/mL (3.3) to 30.8 (5.0) (P < .003). 
No participants demonstrated vitamin D toxicity, which was 
monitored by maternal serum calcium, infant serum calcium 
and phosphorus, and maternal urine calcium/creatinine ratio. 
This study was limited in scope owing to a small sample size; 
however, despite the small number of participants, the study 
still had adequate power to demonstrate statistical signifi-
cance for maternal and infant 25[OH]D levels within groups. 
These findings underscore the large effect size of maternal 
vitamin D supplementation on transfer to the exclusively 
breastfed infant.

In follow-up to the Hollis and Wagner study findings,6 
Wagner et al enrolled exclusively breastfeeding women at 1 
month postpartum for a 6-month follow-up trial.9 Participants 
were recruited in South Carolina, and of the final 19 recruited 
participants, 15 were white, 2 were Hispanic, and 2 were 
African American. Participants were randomized to group 1, 
receiving 400 IU of vitamin D daily (n = 10), or group 2, 
receiving 6400 IU of vitamin D daily (n = 9). Of the 19 
enrolled, 10 participants completed the study. Skin pigmen-
tation was monitored and corresponded to warmer months 
but did not differ between the 2 groups, nor did ethnicity 
profile. Women in group 1 were assigned to give their infants 

Table 2. Summary of the Intervention, Outcome Measures, and Conclusions from Reviewed Articlesa

Maternal 25[OH]D,  
ng/mL

Breast Milk Vitamin D, 
IU/L

Infant 25[OH]D,  
ng/mL

Author N
Maternal Dose: 
Vitamin D, IU Baseline Outcome Baseline Outcome Baseline Outcome

Hollis and Wager7,c 18  
  G1 2000 daily 27.6 (3.3) 36.1 (2.3)b 35.5 (3.5) 69.7 (3.0)b 7.9 (1.1) 27.8 (3.9)b

  G2 4000 daily 32.9 (2.4) 44.5 (3.9)b 40.4 (3.7) 134.6 (48.3)b 13.4 (3.3) 30.8 (5.0)b

Wagner et al9,d 10  
  G1 400 dailye 32.2 38.4 59.6 76.3 13 43b

  G2 6400 dailyf 34 58.8b 82.4 873.5b 14 46b

Saadi et al8,g 44  
  G1 2000 daily 11.7 (4.1) 16.7 (5.6)b Unable to 

detecth
50.9 (0-62.5)i 5.6 (3.4) 19.8 (7.4)b

  G2 60 000 monthly 8.9 (4.0) 14.3 (4)b 5.48 (4.84) 17.8 (6)b

a25[OH]D, 25-hydroxyvitamin D. Data presented as mean (standard deviation).
bP < .05 (statistically significant increase from baseline data).
cOutcome, 4 months postpartum. Conclusions: High-dose vitamin D intake by the mother for 3 months increased the 25[OH]D serum concentrations for 
mothers and infants without causing hypercalcemia or hypercalcuria.
dOutcome, 7 months postpartum. Conclusions: Maternal intake of 400 IU daily was inadequate; maternal intake of 6400 IU elevated 25[OH]D in mother 
and nursing infant, with a 10-fold increase in breast milk vitamin D content. No adverse outcomes.
eInfants received 300 IU daily.
fInfants received placebo.
gOutcome, 4 months postpartum. Conclusions: With deficiency defined as < 20 ng/mL, close to 100% of participants and their infants were vitamin D  
deficient at the beginning of the study. Significant improvements were seen in both groups, although deficiency remained prevalent.
hSubset of 12 women (characteristic not provided).
iSubset of 8 women (characteristic not provided). Range in parentheses.
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300 IU of vitamin D by liquid drop each day, and women in 
group 2 gave 1 drop of liquid placebo to their infants each 
day. This regimen was continued for 6 months after enroll-
ment (postpartum months 1-7).

The 2 groups did not differ in demographics or adherence 
to protocol, with about 80% compliance with maternal vita-
min supplementation and 61% compliance with infant vita-
min supplementation. Results showed that group 1 had 
maternal 25[OH]D serum levels slowly decrease over the 
first 5 months of the study and then increase slightly, as 
increased sun exposure was experienced for the last 2 months 
of the study (baseline, 32.2 ng/mL; 5 months, 25.9 ng/mL). 
Corresponding directly to maternal serum 25[OH]D levels, 
the mean vitamin D content of breast milk showed the same 
pattern (baseline, 59.6 IU/L; 5 months, 45.7 [nadir]; 7 months, 
76.3). Participants in group 2 had increases in maternal 
25[OH]D serum levels (mean at enrollment, 34.0 ng/mL; 6 
months later, 58.8) that stabilized around postpartum month 4 
and were maintained over the course of the study. Participants 
in group 2 had a 10-fold increase in the amount of vitamin D 
in their breast milk (82 IU/L to 873), which was a significant 
difference compared to women in group 1 (P < .0003). This 
resulted in their infants having a steady rise in circulating 
25[OH]D serum levels nearly equivalent to the infants receiv-
ing 300 IU of vitamin D directly via supplementation. 
Participants were monitored for vitamin D toxicity through 
maternal and infant serum calcium and urine calcium and cre-
atinine levels. There was no difference in these measures 
between the 2 groups, and the authors reported no adverse 
events. This study demonstrated that infants can receive doses 
of vitamin D through breast milk that are equivalent to oral 
dosing of 300 IU per day or greater. This study was limited by 
small sample size but regardless was able to demonstrate a 
significant improvement in breast milk vitamin D content for 
participants in group 2.

In 2009, Saadi et al undertook a larger study involving 90 
breastfeeding women in the United Arab Emirates.8 The 
authors stated that vitamin D deficiency is particularly com-
mon among lactating Middle Eastern women because of 
minimal intake of vitamin D in the diet as well as norms of 
dress that include covering most of the body when in public. 
Women who planned to exclusively breastfeed for the next 
3 months (the study period) were recruited at their first post-
natal visit. Once recruited, the participants were randomly 
assigned to receive 2000 IU of vitamin D

2
 daily in oral cap-

sule form (n = 45) or 60 000 IU monthly in oral tablet form 
(n = 45) for 3 months. Neither the participants nor the 
researchers were blinded to the treatment allocation. All 
infants were supplemented with 400 IU of vitamin D

2
 daily 

for 3 months. The participants and their babies had baseline 
25[OH]D levels measured at entry to the study. Follow-up 
blood analysis was completed on participants in the 2000 IU 
daily group after 3 months of supplementation and in the 
monthly group (60 000 IU) before each monthly dose. All 
infants had a second 25[OH]D measurement at the end of 

the 3-month study. The authors set the vitamin D deficiency 
level at ≤ 15 ng/mL (≤ 37.5 nmol/L) based on 2 older reports 
regarding physiologic measures.66,67 Baseline 25[OH]D lev-
els were available on 92 infants (2 sets of twins) and revealed 
95% incidence of deficiency. Participants had an 88% inci-
dence of deficiency, even with the use of a cutoff value 
lower than the more widely accepted conservative defini-
tion of < 20 ng/mL. After 3 months of the assigned regi-
mens, infants had drastically increased their mean serum 
25[OH]D levels; however, 23% in the daily regimen group 
and 38% in the monthly regimen group still met the defini-
tion of deficiency. Circulating vitamin D levels in the moth-
ers had shown improvement as well, although 36% of 
participants in the daily regimen group and 50% of partici-
pants in the monthly regimen group continued to meet the 
authors’ definition of deficiency. Differences in mean 
maternal 25[OH]D levels between groups did not reach sta-
tistical significance. The researchers also analyzed vitamin 
D levels in the breast milk of a subset of 12 women at base-
line and 8 women at the end of the study intervention. 
Characteristics on these subsets of participants were not 
provided. Breast milk vitamin D levels were undetectable at 
the beginning of the study and increased to a median of 50.9 
IU/L. No serum or urine markers of toxicity were measured 
in either participants or their infants. Although this study 
concluded that significant increases were seen in maternal 
and infant serum vitamin D levels, the increases were not 
sufficient over the 3-month study period to correct a major-
ity of the deficiency seen. This study was limited by the use 
of vitamin D

2
 for supplementation, which is less effective at 

raising serum 25[OH]D levels.44 It was additionally limited 
by lack of blinding and lack of control group.

Discussion
Findings from this systematic review reveal a very strong 
effect size of maternal vitamin D supplementation on the 
vitamin D status of exclusively breastfed infants. In the 3 
studies reviewed, maternal and infant serum 25[OH]D levels 
increased in direct relationship to maternal vitamin D intake. 
Women’s health care providers, particularly lactation con-
sultants, are in a unique position to influence the health of 
their clients as well as that of the next generation. This 
review demonstrates that the long-held notion that women 
are unable to pass vitamin D to their infants through breast 
milk should be dismissed. As the gold standard for infant 
nutrition and the ideal infant feeding method, breastfeeding 
should be encouraged for all women, and barriers should be 
removed. Describing breast milk as being “deficient” or 
“lacking” vitamin D may lead mothers to doubt the ability of 
their breast milk to provide everything their babies need. 
The issue of vitamin D inadequacy in breast milk has been 
addressed by encouraging mothers to provide infants a vita-
min D supplement, but this does not address the high levels 
of deficiency that persists in pregnant and breastfeeding 
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women themselves. If maternal vitamin D supplementation 
improves the health status of the mother and her breastfeed-
ing infant, it is clearly the better choice.

This review revealed a lack of studies in which partici-
pants started vitamin D supplementation during pregnancy 
and continued through lactation. It is possible that research-
ers began the intervention during the lactation period (1) to 
avoid the high attrition from breastfeeding in the first month 
postpartum and (2) because of the relative difficulty in doing 
intervention studies with pregnant or newly lactating partici-
pants. However, the initiation of supplementation during lac-
tation does not address the significant need for vitamin D 
adequacy during pregnancy. Reports from meta-analyses of 
randomized controlled trials of vitamin D supplementation 
during pregnancy provide evidence of the association of 
maternal vitamin D supplementation and reduced frequency 
of infants weighing less than 2500 g, although there is a 
dearth of studies available to determine the influence on 
other outcomes, including preterm birth, neonatal intensive 
care treatment, Apgar scores, or maternal death.68 As vitamin 
D is involved in critical systemic functions beyond bone, the 
full implications of vitamin D deficiency in mothers and off-
spring is yet to be determined.

In our review, we found compelling evidence to suggest 
that maternal vitamin D supplementation during lactation 
has an equivalent effect on infant 25[OH]D status as direct 
infant supplementation but also the potential to benefit both 
mother and child. There is no evidence to suggest that 
maternal vitamin D supplementation that results in physio-
logic 25[OH]D levels in the mother and breastfeeding 
infant lead to any ill effects, as demonstrated by no change 
in vitamin D toxicity markers. Next steps in research should 
include larger randomized controlled trials starting vitamin 
D supplementation early in pregnancy and continuing 
through lactation. This would allow for vitamin D adequacy 
to be attained by pregnant participants and their fetuses 
prior to birth, as opposed to the reviewed studies, which 
started with vitamin D–deficient women and infants at 1 
month postpartum, essentially negating breast milk vitamin 
D transfer to the infant during the critical first month of 
development. However, the challenges inherent in building 
the body of evidence to provide substantial support for 
practice change provide a barrier to advancement. Many 
women begin early formula supplementation, to varying 
degrees and for varying reasons, thus limiting the ability to 
truly identify the impact of maternal vitamin D supplemen-
tation on breast milk transfer and infant vitamin D status. 
While initiation and duration rates of breastfeeding are 
improving, the barriers to breastfeeding and early attrition 
are likely major contributors to the low retention rates 
reported.69 While the effect of vitamin D supplementation 
on maternal and infant status is significant, the small sam-
ple sizes and large variation in supplementation protocols 
in these 3 randomized controlled trials limit ability to sug-
gest specific practice changes.

Conclusions

Maternal vitamin D supplementation during lactation 
increases vitamin D transfer in breast milk, consistent with 
improvements in vitamin D status in the exclusively breastfed 
infant. The ambiguity around definitions of vitamin D status, 
combined with the lack of consistent recommendations 
regarding the dosage and gestational timing of maternal vita-
min D supplementation, represents a significant barrier to the 
advancement of guidelines for vitamin D supplementation to 
improve the short- and long-term health of mothers and chil-
dren. Well-designed and powered clinical trials to generate 
new knowledge and establish best practice in the care of 
women and children for lifelong health are now needed to 
supplement the findings from these small studies. If larger 
clinical trials have similar findings and further demonstrate 
the safety of vitamin D supplementation for mothers and 
infants, then practice changes could be made.
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