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Infant and Maternal Vitamin D Supplementation:
Clinician Perspectives and Practices

Andrea J. Aul, MD, Philip R. Fischer, MD, Matthew R. Benson, MD,
Sara S. Oberhelman-Eaton, MD, Kristin C. Mara, MS, and Tom D. Thacher, MD

Introduction: Rates of infant vitamin D supplementation fall short of guideline recommendations. We
explored this discrepancy from the clinician perspective as they advise and affect this important inter-
vention to prevent rickets. We compared infant and high-dose maternal vitamin D supplementation pre-
scribing attitudes and practices between infant-only clinicians (IC) and clinicians who care for mothers
and infants (MIC).

Methods: We surveyed clinicians in departments of family medicine, obstetrics/gynecology, primary
care pediatrics, neonatology, newborn nursery, and members of vitamin D and rickets working groups
and a social media group for lactation medicine providers about their perspectives and practices
regarding vitamin D supplementation.

Results: 360 clinician survey responses were analyzed. In current practice, IC were more likely than
MIC to recommend vitamin D supplementation to exclusively (P< .001) and partially breastfed infants
(P= .005). MIC were more likely than IC to discuss infant and high-dose maternal supplementation
options and let the parents/caregivers choose (34.7%, 22.0%, P= .009). If supplementing the mother
with high-dose vitamin D or the infant directly each provided adequate vitamin D in the infant, MIC
were more likely than IC to think that supplementation of the mother would be preferred by parents/
caregivers (63.0%, 45.2%, P= .003), improve adherence (66.5%, 49.4%, P= .006), and promote breast-
feeding (54.7%, 36.5%, P= .001); they were also more likely to recommend supplementation of the
mother (17.7%, 8.9%, P= .04).

Conclusions: MIC are more likely than IC to embrace high-dose maternal vitamin D supplementa-
tion to provide adequate vitamin D for infants. This highlights an opportunity for further education of
clinicians about this option. ( J Am Board Fam Med 2022;00:000–000.)
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Introduction
Vitamin D is necessary in infants to prevent rickets,
reduce the risk of life-threatening complications of
hypocalcemia,1,2 strengthen the immune system,3,4

and support prevention of cancer, diabetes, and

other chronic diseases.5–7 Although the prevalence
of rickets is considerably lower than it was a century
ago, the rates of nutritional rickets are climbing,
with an incidence of 24 per 100,000 children under
3 years in the decade beginning in 2000 in Olmsted
County, Minnesota.8 Breast milk from unsupple-
mented mothers does not provide enough vitamin
D to infants,9–11 and very young infants do not con-
sume enough fortified formula to ensure sufficient
levels. Therefore, vitamin D supplementation
is recommended for infants in the US and glob-
ally.12,13 Infants can receive supplementation
directly with oral vitamin D drops or indirectly

This article was externally peer reviewed.
Submitted 17 July 2022; revised 24 September 2022;

accepted 27 September 2022.
This is the Ahead of Print version of the article.
From Department of Pediatric and Adolescent Medicine,

Mayo Clinic, Rochester, MN; Department of Pediatrics,
Sheikh Shakhbout Medical City, Abu Dhabi, UAE; Khalifa
University, Abu Dhabi, UAE; Division of Endocrinology,
Diabetes, and Metabolism, Nemours Children’s Health,
Jacksonville, FL; Department of Family Medicine, Mayo
Clinic, Rochester, MN; and Division of Biomedical
Statistics and Informatics, Mayo Clinic, Rochester, MN.

Funding: This study was supported by the Mayo Clinic
Parker D. and Isabella G. Sanders Endowed Professorship
in Family Medicine.

Conflict of interest: None.

Corresponding author: Andrea J. Aul, MD, Department of
Pediatrics, Mayo Clinic, 200 First Street SW, Rochester,
MN 55905 (E-mail: aul.andrea@mayo.edu).

doi: 10.3122/jabfm.2022.220244R1 Infant and Maternal Vitamin D Supplementation 1

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.220244R

1 on 2 D
ecem

ber 2022. D
ow

nloaded from
 

http://www.jabfm.org/


through breast milk from women who receive daily
(4000 to 6400 IU/day [100 to 160mcg/day]) or
monthly (120,000 to 150,000 IU/month [3000 to
3750mcg/month]) high-dose vitamin D.11,14–17

Due to continued cases of nutritional rickets
and inadequate sunlight exposure, the American
Academy of Pediatrics (AAP) revised its guideline
on infant vitamin D supplementation in 2008. The
guideline recommended increasing supplementa-
tion of vitamin D from 200 to 400 IU per day start-
ing in the first few days of life for all infants less
than 1 year of age who are exclusively or partially
breastfed and nonbreastfed infants who consume
less than 1000mL of formula per day.9 The
Institute of Medicine18 formally supported this
guideline in 2011 as did an international nutri-
tional rickets consensus group in 2016.19 Despite
these changes, between 2009 and 2016, only
27% of US infants received the recommended
amount of vitamin D, and there was no signifi-
cant improvement in the proportion of infants
who met the guideline.20,21

Given that rates of infant vitamin D supplemen-
tation fall short of guideline recommendations, we
explored this problem from the perspective of the
clinician as they advise and affect this important
intervention to prevent nutritional rickets. Our pri-
mary objective was to compare infant and maternal
vitamin D supplementation prescribing attitudes
and practices between infant-only clinicians (IC)—
clinicians in primary care pediatrics, neonatol-
ogy, and those who work primarily in the new-
born nursery—and clinicians who care for mothers
and infants (MIC)—family medicine and obstetrics/
gynecology clinicians. We hypothesized that MIC
are more likely than IC to recommend high-dose
maternal supplementation. Second, we postulated
that both groups follow infant vitamin D supplemen-
tation guidelines at similar rates.

Methods
Design

We performed a voluntary, cross-sectional survey
study using the online survey platform “Qualtrics”
(Qualtrics software, Provo, UT, Version April
2021). The survey included 33 questions about atti-
tudes and practices around vitamin D supplementa-
tion of infants and mothers, perceived parent/
caregiver adherence to supplementation recommen-
dations, experience with children with nutritional

rickets and vitamin D toxicity, and demographic
questions (Supplemental Appendix). The survey was
not formally validated, but a similar survey study was
previously published by members of the research
group22 and served as a framework for the current
survey. The platform’s usability and technical func-
tioning were tested before survey distribution. The
study was reviewed and approved as exempt by Mayo
Clinic and Nemours Institutional Review Boards.

Sample

The survey was sent by e-mail to 2325 clinicians at
Mayo Clinic and Mayo Clinic Health System
(Minnesota, Wisconsin, Florida, Arizona), as well as
Mayo Clinic-affiliated Phoenix Children’s Hospital
(Arizona) and Nemours Children’s Health (Florida,
Delaware, New Jersey, Pennsylvania). Clinicians
included physicians (staff physicians, fellows, resi-
dents), nurse practitioners, physician assistants, and
midwives (registered nurses only) in departments of
family medicine, obstetrics/gynecology, primary
care pediatrics, neonatology, and newborn nursery.
Clinicians were included if they endorsed caring for
healthy infants, postpartum mothers, or both groups
and had provided direct patient care within the past
year.

To obtain the perspectives of clinicians with spe-
cial interest in vitamin D supplementation, surveys
were also sent to pediatric endocrinologists and
members of several international vitamin D and
rickets working groups.12,19,23 In addition, mem-
bers of a private social media group for physicians
who are currently or planning to practice lactation
medicine were invited to participate. This group
includes more than 3000 members, all whom were
vetted to verify physician status. Administrators of
the group approved posts advertising the study with
links to the survey.

Data Collection

Between April and August 2021, an e-mail invita-
tion that included a brief description of the study,
information about the estimated length of time of
the survey, data storage, and the investigator team,
and a link to the anonymous survey was distributed.
Reminder e-mails were sent 2 weeks and 1 week
before the survey closed 1 month after the initial
e-mail. For the social media recruitment, 2 posts
advertising the study with a link to the survey were
posted approximately 3 weeks apart in April and
May 2021. Data were kept on a password-protected,
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secure server accessible only by authorized study
personnel.

Data Analysis

Survey responses were electronically collected
and managed in Qualtrics. Data were summar-
ized using frequencies and percentages for cate-
gorical data and medians and interquartile ranges
(IQR) for continuous data. Comparisons were
made between groups using Kruskal-Wallis tests
for continuous and ordinal variables and either
chi-square or Fisher’s exact tests for categorical
data. For survey questions with 3 or more answer
choices where each individual answer option was
analyzed separately, p-values were adjusted for
multiple comparisons using the false discovery
rate method. Statistical analyses were performed
using SAS version 9.4 software (SAS Institute,
Inc.; Cary, NC).

Results
A total of 516 clinicians completed the survey.
The exact number of individuals who received
the survey was not captured due to the use of
social media as 1 means of recruitment, but 2325
clinicians were emailed the survey. Six clinicians
were excluded for not having provided patient
care in the 12months leading up to the survey,
81 were excluded for not caring for healthy new-
borns and/or postpartum mothers, and 69 were
excluded for not having a primary practice in
family medicine, obstetrics/gynecology, primary
care pediatrics, neonatology, or newborn nurs-
ery. In total, 360 clinicians met inclusion criteria.
This included 168 IC and 192 MIC.

We did not observe significant differences
between the IC and MIC groups regarding gender,
age, years of training or practice, whether they pro-
vided breast milk to their own infants, whether they
provided vitamin D supplementation directly or
indirectly to their own infants, or the age of their
youngest child. IC had proportionately fewer mid-
wives, nurse practitioners, and physician assis-
tants and proportionately more physicians. MIC
were more likely to have received additional
training in lactation medicine and to practice in
the US and were less likely to have their own
children (Table 1).

IC were more likely than MIC to have seen at
least 1 child with nutritional rickets (48.2 vs 4.2%,

P< .001), to recommend vitamin D supplementation
for the purpose of preventing rickets (61.1 vs 32.2%,
P< .001), and to have seen at least 1 child with vita-
min D toxicity (11.9 vs 1.6%, P< .001). In their cur-
rent practice, IC were more likely than MIC to
recommend vitamin D supplementation to exclu-
sively breastfed infants (P< .001, median 100 (IQR
100-100), median 98 (IQR 90 to 100), respectively)
and to partially breastfed infants or infants receiving
less than 1000mL of formula daily (P= .005, median
90 (IQR 60.5 to 100), median 80 (IQR 30 to 100),
respectively). MIC were more likely than IC to rec-
ommend vitamin D supplementation to breastfeed-
ing mothers via a prenatal vitamin only (10.8 vs
1.8%, P< .001), which does not contain enough vita-
min D to sufficiently meet the needs of an infant,
and to discuss infant and maternal supplementation
options and let the parents/caregivers choose (34.7 vs
22.0%, P= .009) (Table 2).

If supplementing the mother with high-dose
vitamin D or the infant directly each provided
adequate vitamin D status in the infant and both
were safe, MIC were more likely than IC to think
that supplementation of the mother would be pre-
ferred by most parents/caregivers (63.0 vs 45.2%,
P= .003), lead to greater adherence (66.5 vs 49.4%,
P= .006), and promote breastfeeding (54.7 vs
36.5%, P= .001). In contrast, IC were more likely
than MIC to think that supplementation of the
infant would be preferred (14.9 vs 7.3%, P= .048).
In this scenario, both MIC and IC indicated they
would be most likely to offer both options and let
the parents/caregivers decide (70.3 vs 69.6%,
P= .98). MIC would be more likely than IC to rec-
ommend supplementation of the mother (17.7 vs
8.9%, P= .04); IC would be more likely than MIC
to recommend supplementation of the infant (21.4
vs 12.0%, P= .04) (Table 3).

Among clinicians in both groups, in their current
practice, female clinicians (27.7 vs 7.9%, P< .001),
clinicians with additional training in lactation medi-
cine (53.4 vs 16.9%, P< .001), clinicians with chil-
dren (25.7 vs 13.2%, P= .02), and clinicians who
supplemented their own children (30.5 vs 15.2%,
P= .01) were more likely to recommend vitamin D
supplementation to breastfeeding mothers at doses
higher than a prenatal vitamin. Female clinicians
(34.1 vs 9.2%, P< .001) and clinicians with addi-
tional training in lactation medicine (60.3 vs 22.2%,
P< .001) were also more likely to discuss infant and
maternal supplementation options and let the

doi: 10.3122/jabfm.2022.220244R1 Infant and Maternal Vitamin D Supplementation 3

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.220244R

1 on 2 D
ecem

ber 2022. D
ow

nloaded from
 

http://www.jabfm.org/


Table 1. Demographic Features of Clinicians

IC (n = 168) MIC (n = 192) Total (n = 360) P-Value

Gender 0.99
Female 129 (76.8%) 147 (76.6%) 276 (76.7%)
Male 37 (22.0%) 43 (22.4%) 80 (22.2%)
Prefer not to answer 2 (1.2%) 2 (1.0%) 4 (1.1%)

Age (years) 0.16
Missing 0 1 1
18 to 29 25 (14.9%) 14 (7.3%) 39 (10.9%)
30 to 39 75 (44.6%) 94 (49.2%) 169 (47.1%)
40 to 49 38 (22.6%) 45 (23.6%) 83 (23.1%)
50 to 59 21 (12.5%) 29 (15.2%) 50 (13.9%)
60 to 69 9 (5.4%) 7 (3.7%) 16 (4.5%)
701 0 (0.0%) 2 (1.0%) 2 (0.6%)

Level of training <0.001
Midwife (RN only) 0 (0.0%) 6 (3.1%) 6 (1.7%)
Nurse Practitioner 14 (8.3%) 35 (18.2%) 49 (13.6%)
Other (specify) 1 (0.6%) 5 (2.6%) 6 (1.7%)
Physician Assistant 2 (1.2%) 16 (8.3%) 18 (5.0%)
Physician, fellow 1 (0.6%) 1 (0.5%) 2 (0.6%)
Physician, practicing 112 (66.7%) 106 (55.2%) 218 (60.6%)
Physician, resident 38 (22.6%) 23 (12.0%) 61 (16.9%)

Clinician type <0.001
Nurse Practitioner/Midwife 14 (8.3%) 41 (21.4%) 55 (15.3%)
Physician 151 (89.9%) 130 (67.7%) 281 (78.1%)
Other 3 (1.8%) 21 (10.9%) 24 (6.7%)

Year in residency 0.54
N/A 131 169 300
First year 11 (29.7%) 5 (21.7%) 16 (26.7%)
Second year 15 (40.5%) 8 (34.8%) 23 (38.3%)
Third year or greater 11 (29.7%) 10 (43.5%) 21 (35.0%)

Years in practice 0.23
Missing 39 24 63
Less than 5 years 31 (24.0%) 57 (33.9%) 88 (29.6%)
5 to 9 years 35 (27.1%) 43 (25.6%) 78 (26.3%)
10 to 19 years 35 (27.1%) 33 (19.6%) 68 (22.9%)
20 years or more 28 (21.7%) 35 (20.8%) 63 (21.2%)

Primary practice
Family Medicine 0 (0.0%) 160 (83.3%) 160 (44.4%)
Neonatology 7 (4.2%) 0 (0.0%) 7 (1.9%)
Newborn Nursery 10 (6.0%) 0 (0.0%) 10 (2.8%)
Obstetrics/Gynecology 0 (0.0%) 26 (13.5%) 26 (7.2%)
Primary Care Pediatrics 144 (85.7%) 0 (0.0%) 144 (40.0%)
Other (specify) 7 (4.2%) 6 (3.1%) 13 (3.6%)

Additional training in lactation medicine 0.03
Missing 0 2 2
No 132 (78.6%) 166 (87.4%) 298 (83.2%)
Yes 36 (21.4%) 24 (12.6%) 60 (16.8%)

Country of practice 0.04
United States 168 (100.0%) 187 (97.4%) 355 (98.6%)
Other 0 (0.0%) 5 (2.6%) 5 (1.4%)

Continued
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parents or caregivers choose. Clinicians who had
supplemented themselves or their partners for the
purpose of supporting their infant’s supplementa-
tion needs were more likely to recommend vitamin
D supplementation to exclusively (P< .001, median
100 (IQR 100-100), median 98 (IQR 70 to 100),
respectively) and partially breastfed infants (P< .001,
median 90 (IQR 62 to 100), median 70 (IQR 25
to 98), respectively) than clinicians who did not
supplement themselves or their partners with
vitamin D.

If supplementing the mother with high-dose
vitamin D or the infant directly each provided
adequate vitamin D status in the infant and both
were safe, female clinicians would be more likely
than male clinicians to offer both options and let
the parents or caregivers choose (74.3 vs 56.3%,
P< .001) (Figure 1).

Pediatric endocrinologists were surveyed, how-
ever only twelve met inclusion criteria, because
others answered “no” when asked if they care for
healthy newborns and/or postpartum mothers.
Therefore, pediatric endocrinologists were excluded
from the main analysis.

Discussion
Our study revealed important differences between
current infant vitamin D supplementation recom-
mendations of MIC and IC. We also observed con-
trasting perspectives regarding high-dose maternal
vitamin D but noted that both groups were open to
offering this option if safe and effective.

In our study, IC endorsed higher rates of recom-
mending supplemental vitamin D to exclusively and
partially breastfed infants compared with MIC
(Table 2). Among those who did not prescribe vita-
min D to all infants for whom it is indicated,
the most common specified reason was lack of
awareness regarding guideline recommendations
(Table 2). Scope of practice may have influenced
our results as some clinicians in the MIC group
may be less familiar than IC with AAP guidelines.
Although obstetrics/gynecology clinicians care pri-
marily for the mother, the American College of
Obstetricians and Gynecologists does recommend
discussion of infant care and feeding at the postpar-
tum visit.24 The American Academy of Family
Physicians does not have an official clinical recom-
mendation or guideline on infant vitamin D

Table 1. Continued

IC (n = 168) MIC (n = 192) Total (n = 360) P-Value

Have own children 0.01
No 48 (28.6%) 32 (16.7%) 80 (22.2%)
Yes 120 (71.4%) 160 (83.3%) 280 (77.8%)

Clinician/partner provided breast milk to own infant 0.29
Missing 49 33 82
Not applicable 3 (2.5%) 1 (0.6%) 4 (1.4%)
No 4 (3.4%) 9 (5.7%) 13 (4.7%)
Yes 112 (94.1%) 149 (93.7%) 261 (93.9%)

Clinician supplemented own infant or self/partner for the purpose of
supporting own infant’s supplementation needs with vitamin D

0.56

Missing 49 32 81
Not applicable 2 (1.7%) 2 (1.3%) 4 (1.4%)
Unsure 3 (2.5%) 6 (3.8%) 9 (3.2%)
No 25 (21.0%) 44 (27.5%) 69 (24.7%)
Yes 89 (74.8%) 108 (67.5%) 197 (70.6%)

Age of your youngest child 0.59
Missing 49 32 81
Less than 13 years old 91 (76.5%) 113 (70.6%) 204 (73.1%)
13 to 18 years old 9 (7.6%) 19 (11.9%) 28 (10.0%)
19 to 30 years old 16 (13.4%) 25 (15.6%) 41 (14.7%)
31 to 40 years old 3 (2.5%) 3 (1.9%) 6 (2.2%)

Abbreviations: IC, infant-only clinicians; MIC, mother-and-infant clinicians.
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supplementation, which may further limit MIC
under-standing of the importance of supplementa-
tion. In a study among military pediatricians and
family medicine physicians, the most common rea-
son for not recommending vitamin D was the belief
that breastfed infants receive adequate sunlight

exposure.25 In comparison, just 2 clinicians out of
360 in our study advised regular sunlight exposure
instead of vitamin D supplementation (Table 2).
Previous research found that 70% of family medi-
cine clinicians reported recommending supplemen-
tal vitamin D to exclusively breastfed infants and

Table 2. Current Vitamin D Supplementation Prescribing Practices of Infant-Only Clinicians and Clinicians Who

Care for Mothers and Infants

IC (n = 168) MIC (n = 192) Total (n = 360) P-Value

Times have you seen a child with nutritional rickets <0.001
0 87 (51.8%) 184 (95.8%) 271 (75.3%)
1 to 2 54 (32.1%) 8 (4.2%) 62 (17.2%)
3 to 5 18 (10.7%) 0 (0.0%) 18 (5.0%)
6 to 10 6 (3.6%) 0 (0.0%) 6 (1.7%)
11 or more 3 (1.8%) 0 (0.0%) 3 (0.8%)

Times have you seen a child with vitamin D toxicity 0.002
0 148 (88.1%) 189 (98.4%) 337 (93.6%)
1 to 2 16 (9.5%) 2 (1.0%) 18 (5.0%)
3 to 5 1 (0.6%) 1 (0.5%) 2 (0.6%)
6 to 10 1 (0.6%) 0 (0.0%) 1 (0.3%)
11 or more 2 (1.2%) 0 (0.0%) 2 (0.6%)

How often you recommend vitamin D supplementation to
exclusively breastfed infants? Median (IQR)

100 (100, 100) 100 (90, 100) 100 (95, 100) <0.001

How often you recommend vitamin D supplementation to
partially breastfed infants or infants receiving less than 1000mL
of formula daily? Median (IQR)

90 (60.5, 100) 80 (30, 100) 84 (50, 100) 0.005

Why do you recommend vitamin D supplementation?
Missing 1 15 16
To follow guideline recommendations 161 (96.4%) 161 (91.0%) 322 (93.6%) 0.04
Because vitamin D deficiency occurs in the region where I
practice

73 (43.7%) 78 (44.1%) 151 (43.9%) 0.95

To prevent rickets 102 (61.1%) 57 (32.2%) 159 (46.2%) <0.001
Other 8 (4.8%) 4 (2.3%) 12 (3.5%) 0.20

Why do you not recommend vitamin D supplementation?
Missing 168 179 347
I am not aware of any guideline recommendations to do so 4 (30.8%) 4 (30.8%)
I have other priorities during the infant visit 1 (7.7%) 1 (7.7%)
Breastfed infants can get vitamin D from mothers who take
adequate vitamin D

2 (15.4%) 2 (15.4%)

Other 9 (69.2%) 9 (69.2%)
How do you recommend vitamin D supplementation be given?

Missing 0 16 16
To infants via vitamin D drops 161 (95.8%) 158 (89.8%) 319 (92.7%) 0.03
To breastfeeding mothers via a prenatal vitamin only 3 (1.8%) 19 (10.8%) 22 (6.4%) <0.001
To breastfeeding mothers in doses higher than in a prenatal
vitamin

32 (19.0%) 47 (26.7%) 79 (23.0%) 0.09

I discuss infant and maternal supplementation options and let
the parents/caregivers choose

37 (22.0%) 61 (34.7%) 98 (28.5%) 0.009

I do not recommend vitamin D supplementation, but I
encourage regular sunlight exposure

0 (0.0%) 2 (1.1%) 2 (0.6%) 0.17

Other 2 (1.2%) 5 (2.8%) 7 (2.0%) 0.28

Abbreviations: IC, infant-only clinicians; MIC, mother-and-infant clinicians; IQR, interquartile ratio.
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54.3% recommended it to partially breastfed
infants.22 Both IC and MIC in our study indicated
that following guidelines was the primary reason they
recommend supplementation, highlighting the impor-
tance of guideline recommendations.

Overall, both groups endorsed high rates of rec-
ommending supplemental vitamin D to infants
(Table 2). Although 93.6% of clinicians in our
study stated they recommended vitamin D supple-
mentation to follow guideline recommendations,
we found that certain groups were more likely to
follow these guidelines, specifically individuals who
had supplemented themselves or their partners for
the purpose of supporting their infant’s vitamin D
needs and IC. IC were also more likely to have seen
cases of rickets (Table 2). Nutritional rickets still
occurs in the United States and is an entirely pre-
ventable disease.8 Furthermore, AAP guidelines
and Global Consensus recommendations support
universal supplementation.9,19 Our findings suggest
that, despite a collective desire to practice guide-
line-informed medicine, personal experience also
influences clinicians’ practices.

Clinical practice that includes mothers may also
influence perspectives on supplementation options.

MIC embrace maternal choice in infant vitamin D
supplementation more so than IC. In their current
practice, MIC were more likely than IC to give
parents/caregivers the option to choose infant or
maternal supplementation (Table 2). We previously
found that family medicine clinicians would prefer
to offer both options or maternal supplementation
over infant supplementation alone.22 This high-
lights an opportunity to educate IC about this
option, which may be less familiar to them.
Encouragingly, if each option provided adequate
vitamin D status in the infant and were safe, both
groups indicated that they would offer both choices
and let the parents or caregivers decide (Table 3).

Maternal vitamin D supplementation was favored
by female clinicians, clinicians with additional training
in lactation medicine, clinicians with children, and clini-
cians who supplemented their own children. These
individuals may share insight into challenges with
administering infant vitamin D drops or the potential
advantages of maternal supplementation. Most clini-
cians (54.7%) in our study thought that high-dose
maternal supplementation would be preferred by
parents/caregivers if it were safe and effective (Table 3).
This is likely an underestimate, as a similar survey of

Table 3. Vitamin D Supplementation Prescribing Preferences of Infant-Only Clinicians and Clinicians Who Care

for Mothers and Infants

IC (n = 168) MIC (n = 192) Total (n = 360) P-Value

If supplementing the mother or the infant each provided adequate
vitamin D status in the infant and both were safe, which option do
you think most parents/caregivers would prefer?

0.002

Supplementation of the infant 25 (14.9%) 14 (7.3%) 39 (10.8%)
Supplementation of the mother 76 (45.2%) 121 (63.0%) 197 (54.7%)
Both options would be equally preferred 67 (39.9%) 57 (29.7%) 124 (34.4%)

Which option would lead to greater adherence? 0.005
Missing 0 1 1
Supplementation of the infant 35 (20.8%) 25 (13.1%) 60 (16.7%)
Supplementation of the mother 83 (49.4%) 127 (66.5%) 210 (58.5%)
Both options would lead to equal adherence 50 (29.8%) 39 (20.4%) 89 (24.8%)

Which option would most likely promote breastfeeding? 0.002
Missing 1 0 1
Supplementation of the infant 6 (3.6%) 8 (4.2%) 14 (3.9%)
Supplementation of the mother 61 (36.5%) 105 (54.7%) 166 (46.2%)
Both options would equally promote breastfeeding 100 (59.9%) 79 (41.1%) 179 (49.9%)

Which option would you recommend to families? 0.007
Supplementation of the infant 36 (21.4%) 23 (12.0%) 59 (16.4%)
Supplementation of the mother 15 (8.9%) 34 (17.7%) 49 (13.6%)
I would offer both and let the parent/caregiver choose 117 (69.6%) 135 (70.3%) 252 (70.0%)

Abbreviations: IC, infant-only clinicians; MIC, mother-and-infant clinicians.
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breastfeeding mothers showed that 88.4% preferred to
supplement themselves rather than their infants.26

In addition to providing greater choice to the
mother, potential benefits of high-dose maternal sup-
plementation include promotion of the complete
nutritional value of breastfeeding for infants, avoidance
of potential vitamin D toxicity from incorrect dosing
of infant drops, and possibly improved adherence to
supplementation guidelines. In addition, maternal vita-
min D status is related to breast milk composition and
improved immunologic markers in their infants.27

Numerous studies have shown that high-dose
maternal supplementation is a safe and effective way
to raise 25-hydroxyvitamin D (25(OH)D) levels in
mothers and the breastfeeding infant.11,14–16 Maternal
intake of a single oral dose of 150,000 IU (3750mcg)
of vitamin D3 increased infant mean serum 25(OH)D
(6 standard deviation) from 176 13 to 396 6ng/mL
(to convert to nmol/L, multiply by 2.496) after 1
month; infants whose mothers received 5000 IU
(125mcg) per day for 28days had a similar increase
from 166 12 to 396 12ng/mL.14 Infants whose lac-
tating mothers received 6400 IU (160mcg) of vitamin
D3 per day achieved equivalent vitamin D status com-
pared with infants who were directly supplemented

with 400 IU (10mcg) per day and whose mothers
received 400 IU (10mcg) per day.15 Finally, infants of
mothers who received 4000 IU (100mcg) per day for
3 months had increases in serum 25(OH)D from a
mean (6 standard error of the mean) of 13.46 3.3 to
30.86 5.0ng/mL.16 Given recommendations that
healthy individuals maintain 25(OH)D levels of at
least 20ng/mL to achieve vitamin D sufficiency and
prevent rickets,18,19 these studies highlight several
potential dosing options for maternal high-dose vita-
min D supplementation.

Vitamin D toxicity in children is rare, but it is
not merely a theoretical risk, as 11.9% of IC and
1.6% of MIC had encountered children with
vitamin D toxicity (Table 2). Although the inci-
dence of hypervitaminosis D among individuals
of all ages increased significantly from 2002 to
2011 in a population-based study in Olmsted
County, Minnesota, this increase was not associ-
ated with clinical vitamin D toxicity.28 None-
theless, the traditional supplementation method
of giving vitamin D directly to infants carries risk
of vitamin D toxicity secondary to dosing errors
(drops vs mL), poor quality control regulation
of supplements, and accidental ingestions.29–32

Figure 1. Proportion of Clinicians Who Would Recommend High-Dose Vitamin D Supplementation of the Mother,

Direct Supplementation of the Infant, or Both Options If Each Provided Adequate Vitamin D Status in the Infant

and Both Were Safe. Abbreviations: IC, infant-only clinicians; MIC, mother-and-infant clinicians.
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Supplementation of the mother may be a more
reliable means of avoiding the risk of vitamin D
toxicity for breastfed infants.

There were several limitations to our study.
First, the survey was not tested for validity or
reliability, and we were unable to determine the
exact response rate due to use of social media.
Another limitation was the potential for recall
bias among clinicians who may have inaccurately
reported their prescribing practices. Lastly,
although we surveyed clinicians from diverse geo-
graphic locations and practice types, our survey used a
convenience sample, and therefore, those who
responded to the survey may not represent those
who chose not to complete the survey or who
work in other regions or practice settings, thus
limiting its generalizability.

Both IC and MIC recommend infant vitamin
D supplementation at high rates, yet neither
group fully met the AAP guideline. MIC are
more likely than IC to embrace high-dose
maternal vitamin D supplementation to prov-
ide adequate vitamin D for breastfed infants.
Nonetheless, both groups expressed openness in
this option. We recommend that the American
Academy of Family Physicians consider publish-
ing a clinical recommendation on infant vitamin
D supplementation, including the option of
high-dose maternal vitamin D supplementation,
given poor adherence to existing guidelines.

To see this article online, please go to: http://jabfm.org/content/
36/1/000.full.
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