








in .75% of the infants at V1. By V4,
there was marked improvement that
was sustained to V7 in both
treatment groups. Thus, infants
whose only source of vitamin D was
maternal (6400 IU group) did not
differ from those infants who

received oral supplementation of 400
IU/day (400 IU Group) on any of the
laboratory parameters tested. Mean
25(OH)D (SD) by treatment group of
exclusively/fully breastfeeding
infants through V4 is depicted in
Fig 2B, and through V7 is depicted in

Fig 2D. Across the visits, there were
no differences in infant serum
calcium, creatinine, phosphorus, or
urinary calcium/creatinine ratios.

When analyzed by treatment group,
there were no differences in infant
weight, length, and head circumference
at any of the visits, which persisted
even after controlling for race/
ethnicity (data not shown). Baseline
anterior fontanelle area (AFA) did not
differ by treatment group (see
Table 1). Maternal and infant 25(OH)D
concentration at V1 correlated with
AFA only in Hispanic infants (P , .05).
At V4, there were significant
differences between treatment groups:
AFA 7.0 6 4.8 cm2 in the 400 IU
group infants versus 3.7 6 3.7 cm2

in the 6400 IU group (P = .037).
This difference was not seen in the

TABLE 1 Exclusively/Fully Breastfeeding Maternal and Infant Sociodemographic and Clinical Characteristics by Vitamin D Supplementation Group at V1

Characteristic 400 IU Group (n = 110)
n (%) or Median (Range, n)

6400 IU Group (n = 106)
n (%) or Median (Range, n)

P

Maternal race/ethnicity .5
Black 26 (23.6) 23 (21.7)
Hispanic 32 (29.1) 25 (23.6)
White 52 (47.3) 58 (54.7)

Education .7
Less than high school education 16 (14.6) 14 (13.2)
High school graduate 22 (20.0) 17 (16.0)
College or more 72 (65.5) 75 (70.8)

Employed full-time at study entrance 72 (65.5) 75 (70.8) .4
Insurance .2
Commercial 49 (44.6) 57 (53.8)
Medicaid/none 61 (55.5) 49 (46.2)

BMI .30 28 (25.5) 21 (19.8) .3
Season at study entry .5
April–September 57 (51.8) 60 (56.6)
October–March 53 (48.2) 46 (43.4)

Interpregnancy interval (mo) 24.0 (1.0–132.0, 83) 24.0 (1.0–156.0, 81) .4
Parity 2.0 (0.0–6.0, 110) 2.0 (0.0–5.0, 106) .4
Maternal Health Rating Scale 9.5 (0.0–10.0, 110) 9.00 (0.0–10.0, 106) .9
Maternal age (y) 28.7 6 6.5 (18.0–48.0, 110) 29.0 6 5.8 (18.0–42.0, 106) .8
Maternal wt (lb) 156.5 6 35.3 (90.6–266.1, 110) 161.2 6 30.4 (95.9–266.5, 105) .3
Maternal BMI 27.8 6 5.5 (19.4–46.7, 85) 27.4 6 4.3 (19.5–40.8, 85) .6
Days postpartum 37.5 6 8.6 (3.0–68.0, 110) 36.0 6 7.2 (7.0–64.0, 104) .2
Maternal smart probe forearm 54.1 6 9.5 (31.7–69.2, 110) 55.0 6 9.5 (32.7–68.4, 106) .5
Maternal vitamin D dietary intake (IU) 234.8 6 147.4 (29.3–562.9, 49) 201.5 6 119.1 (28.7–593.7, 59) .2
Maternal Kcal intake 2378.4 6 919.0 (873.7–5220.6, 49) 2274.7 6 883.7 (806.5–5145.9, 59) .6
Maternal calcium intake, mg/day 1236.2 6 522.5 (332.5–2641.5, 49) 1201.4 6 500.2 (418.2–2486.1, 59) .7
Maternal baseline total circulating 25(OH)D (nmol/L) 82.1 6 31.8 (14.5–230.3, 110) 90.7 6 34.6 (20.8–191.0, 106) .06
Maternal baseline total circulating vitamin D3 (nmol/L) 9.5 6 21.5 (1.5–159.5, 76) 6.4 6 10.0 (1.5–60.5, 71) .2
Infant birth wt (g) 3345.6 6 475.7 (2133.0–4443.0, 110) 3460.3 6 481.1 (2370.0–4840.0, 106) .08
Infant gestational age (wk) 39.3 6 1.4 (34.0–42.0, 110) 39.4 6 1.0 (36.2–41.6, 104) .5
Infant fontanelle area (cm) 9.5 6 5.9 (0.8–30.0, 108) 9.8 6 6.1 (0.4–40.0, 104) .7
Infant birth head circumference (cm) 37.8 6 1.3 (34.5–41.5, 110) 37.7 6 1.5 (34.0–42.0, 105) .6
Infant length (cm) 54.7 6 2.4 (49.0–63.0, 110) 54.5 6 2.6 (47.0–59.5, 106) .6
Infant baseline total circulating 25(OH)D (nmol/L) 33.7 6 23.5 (2.5–106.5, 110) 37.9 6 23.3 (2.5–113.8, 106) .2

TABLE 2 Baseline 25(OH)D (nmol/L)a at 1 Month Postpartum in Exclusively Breastfeeding Mothers
and Infants by Race/Ethnicity Who Participated Through V4

Race/Ethnicity 25(OH)D (nmol/L), Mean 6 SD (Range)

Mother
Black/African American, n = 28 69.8 6 27.7 (26.5–132.5)
Hispanic, n = 32 77.2 6 24.5 (14.5–133.3)
White, n = 88 105.4 6 32.7 (47.8–230.3)

Infant
Black/African American, n = 28 24.1 6 23.1, (#2.5–113.8)b

Hispanic, n = 32 29.4 6 20.8, (#2.5–89.5)b

White, n = 88 43.4 6 22.9, (10.5–106.5)
a Profound deficiency by the IOM’s Guidelines is defined as a 25(OH)D concentration ,25 nmol/L (10 ng/mL) for both
adults and children (including neonates and young infants).1
b The level of detection of the assay for 25(OH)D is 2.5 nmol/L.
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subcohort of infants who continued to
breastfeed through V7.

The number of adverse events and
serious adverse events did not differ
by treatment group. There were 7
adverse events among the
breastfeeding mothers/infants
equally distributed by treatment
group. The Data and Safety
Monitoring Committee (DSMC)
deemed these events as not being
related to treatment dose.

DISCUSSION

In this study of 3 dosing schedules in
lactating women and their
exclusively/fully breastfeeding
infants, maternal supplementation

with 6400 IU vitamin D3/day was
superior to either 2400 IU or 400 IU/
day in safely achieving robust
maternal vitamin D sufficiency that
allowed sufficient vitamin D transfer
in the breast milk for infant vitamin D
sufficiency for the 6-month study
period. Thus, when compared with
infants receiving a daily oral vitamin
D supplement of 400 IU/day, infants
whose mothers were taking 6400 IU
vitamin D daily (as their sole source
of vitamin D) achieved equivalent
vitamin D status. With appropriate
vitamin D intake, the lactating mother
can fully transfer from her blood to
her milk the vitamin D required to
sustain optimal vitamin D nutrition in
the nursing infant with no additional

supplementation required for the
infant.8 Furthermore, the safety
profiles of women in each treatment
group were equivalent. As viewed by
the DSMC, there were no instances of
adverse events attributable to vitamin
D supplementation.

When this study was initiated, the
IOM upper limit for vitamin D was
2000 IU per day.39 An Investigational
New Drug application to the US Food
and Drug Administration was
mandated to conduct both the current
study and our pregnancy vitamin D
supplementation trials.40,41 Since that
time, the IOM has increased the upper
limit to 4000 IU per day,1 and the
Endocrine Society set the upper limit
at 10 000 IU/day.42 During the past

FIGURE 2
Total circulating 25(OH)D concentration (nmol/L) by treatment (400 IU vs 6400 IU groups) of breastfeeding mothers: A, through V4; B, through V7; and of
breastfeeding infants: C, through V4; D, through V7.
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decade several studies, including our
own, were performed using our
original Food and Drug
Administration Investigational New
Drug application involving several
thousand patients. To our knowledge,
not a single adverse event has
been attributed to vitamin D
supplementation at the doses ranging
from 2000 to 6400 IU/day.

It is universally accepted that
vitamin D toxicity is associated with
hypercalciuria, hypercalcemia, and
risk of renal stones.1 In 2006,
Jackson et al43 published the
Women’s Health Initiative study that
claimed an adjusted vitamin D
intake of 280 IU per day resulted in
an increase in renal stone incidence.
These findings are in marked
contrast to the results of a recent
report involving several thousand
subjects consuming up to 10 000 IU
vitamin D per day for 1.5 years that
demonstrated no relationship with
renal stones.44 In our studies, we
have never observed an event of
hypercalciuria associated with
vitamin D intake or circulating levels
of 25(OH)D.7,8,40,41 Concern remains
about vitamin D toxicity as it relates
to mortality.45 A recent meta-
analysis by Garland et al on the
subject, however, clearly
demonstrated increased all-cause
mortality at low circulating levels
with no such relationship at higher
levels.467 Finally, the levels of
circulating 25(OH)D we report here
are robust and consistent with levels
achieved in various populations
involving only solar exposure with
no dietary supplementation.47–49

Human milk has long been known to
supply inadequate amounts of
vitamin D to nutritionally support the
solely breastfed infant.1,3,11 Over the
decades, we and others have reported
the vitamin D content of human milk
and thus its antirachitic
activity.8,22,28,50–52 These studies
have provided valuable information.
Universally, the antirachitic activity of
human milk is quite low, 5 to 80 IU/L,

unless the lactating mother is
ingesting a significant amount of
vitamin D daily or getting significant
total body UV exposure.7,8,18 It is the
parent compound, vitamin D itself,
which overwhelmingly gets
transferred into human milk from the
maternal circulation.8,17,22,52,53 This
is an important yet almost universally
misunderstood fact. Although
circulating vitamin D readily gains
access to human milk, circulating
25(OH)D does not, and this transfer
relationship occurs over a massive
range of vitamin D intakes and/or
circulating levels.8,22,52,53 Thus, one
cannot assume that because
a lactating mother’s circulating
25(OH)D level is adequate, her milk
vitamin D activity will be. This is
confirmed in our baseline data
(Table 1) in which mothers had been
breastfeeding their infants for 1
month. Maternal baseline circulating
25(OH)D levels were quite good, ∼80
to 90 nmol/L; however, infant
circulating 25(OH)D levels were in
the very low range, ∼35 nmol/L, with
many exhibiting dire deficiency,
,2.5 nmol/L. This is because circulating
vitamin D3 in the mothers was low,
and, in many cases, undetectable
(,4 nmol/L), making mother’s milk
a poor source of vitamin D activity.
Why? Because the circulating half-life
of 25(OH)D is 3 to 4 weeks, and that
of vitamin D is ∼12 to 24 hours,
reflecting their binding affinity to
vitamin D binding protein.17 This
reduced affinity of vitamin D3 allows
the unbound vitamin D3 to diffuse
across cell membranes from blood
into the milk. This concept is
discussed in depth elsewhere.17 Thus,
a daily dose of vitamin D is required
to sustain both circulating and milk
levels of vitamin D in the lactating
woman.

From the standpoint of nature, low
vitamin D content in breast milk is an
odd circumstance. Would nature
allow so little vitamin D in breast milk
that the nursing infant would develop
rickets from ingesting it?1,3,11 We did
not believe so. Our belief was that

breast milk was deficient in
vitamin D due solely to lack of
solar exposure and dietary
recommendations for vitamin D put
forth in recent decades. The current
IOM recommendation for vitamin D
intake during lactation is 400 to
600 IU/d, yet historical data
suggest that this level of maternal
supplementation does nothing to
increase the vitamin D content of her
milk8,17,53 and/or support adequate
nutritional vitamin D status in her
nursing infant.7,8,19,52 This fact is
precisely why the AAP recommends
every nursing infant receive a daily
supplement of 400 IU vitamin D.11

However, this last recommendation
treats only the infant and does not
address the core problem of why
breast milk has such low
concentrations of vitamin D. Also,
the AAP recommendation11 is rarely
followed as evidenced by our
baseline entry data for breastfed
infants (Table 1). In our study
infants, only 12% were being given
supplements at baseline, which
concurs with previous reports.12–15

This is reflected by the base
circulating 25(OH)D levels in
nonsupplemented infants of ∼35
nmol/L following the first month of
breastfeeding, which was less than
half that of the supplemented
breastfeeding infants (data not
shown). This fact alone highlights
how the AAP recommendation is
ignored to the detriment of the
infant.

The strengths of this 2-site study are
that it was conducted at 2 distinct
latitudes with strong racial/ethnic
diversity such that the results can be
applied to a wide-range of
breastfeeding mothers and their
infants. Additional strengths of the
study are that it was conducted as an
RCT to assess the comparative
effectiveness of 3 treatments.
Maternal and infant laboratory
measures further ensured the safety
of the higher dose treatment groups.
Limitations of this study, however, are
that of the original enrolled women,
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64.7% at V1 and 44.3% at V4 were
still exclusively breastfeeding. That
rate continued to decrease in the
ensuing months, with only 28.4% at
7 months still fully breastfeeding
(with the addition of complementary
foods at 6 months). The rates of
breastfeeding decline in the study
mirrored what has been reported
nationally by the Centers for Disease
Control and Prevention.54 This
attrition rate had been taken into
account in the original study design,
and the number of subjects available
for analysis at 7 months was
according to the sample size and
power calculations. Another
limitation is that although it was not
possible to measure the vitamin D
moieties in the breast milk samples
in this study because of cost, we had
previously demonstrated how the
parent compound vitamin D
(cholecalciferol and ergocalciferol)
is transferred from the mother to
her milk and to her recipient
infant.7,8 With that being said,
however, the most important factor
is the amount of vitamin D in
mother’s milk that will support the
vitamin D status of her nursing
infant, which was shown to be the
case in this study.

Vitamin D deficiency is almost
universal among solely breastfed
infants not receiving oral vitamin D
supplementation. This problem is
especially acute in the black
population.4 This issue is depicted in
Table 2 in which one can see that
several minority infants exhibited
dire vitamin D deficiency, #2.5 nmol/L
circulating 25(OH)D, after 1 month
of being solely breastfed. The

newborn human infant who is solely
breastfed can only acquire vitamin D
through direct dietary
supplementation, direct sun
exposure, and/or ingestion of breast
milk. Direct supplementation is not
adhered to12,13 and direct infant sun
exposure is contrary to the AAP’s
recommendations of no direct sun
exposure during the first 6 months of
life.11,55 That leaves breast milk as
the only alternative.

The medical community has
accepted the fact that low
concentrations of vitamin D are an
inherent defect in human milk that
has prompted the recommendation of
vitamin D supplementation for
breastfeeding infants starting within
the first few days after birth.1,11 The
current study clearly refutes this
misconception. The inherent flaw is
not the design of human milk
but in the dietary vitamin D
recommendation with respect to
the lactating mother. The current
recommendation of 400 IU per day
to these individuals does little to
sustain blood concentrations of the
parent vitamin D compound, the
form that crosses from the maternal
circulation into human milk; thus,
minimal vitamin D is transferred
into human milk. The result: dire
vitamin D deficiency in the
breastfeeding infant, especially
darker-pigmented infants. Our study
clearly demonstrates that with
appropriate vitamin D intake, the
lactating mother can fully transfer
from her blood to her milk the
vitamin D required to sustain
optimal vitamin D nutrition in the
nursing infant with no additional

supplementation required for the
infant.
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