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State Capitol, Room 102
Juneau, AK 99801
Phone: 465-2689

Fax: 465-3472

Toll Free (800) 665-2689

Alaska State Legislature

R epresentative Paul Seaton
District 30

HB 90
Explanation of Changes: Version O to Version Y

The changes in Committee Substitute for House Bill 90 work draft 28-L.S0376\Y are intended to
shift the legislation from a temporary research project to a temporary health project involving both
mothers and newborns.

Changes
‘Research’ has been removed from the title and replaced with ‘health.” The title change also
includes mothers in the project and adds supplementation and nutritional education.

In subsection (a), the legislative findings have been expanded to include the reduction of
negative pregnancy outcomes with adequate vitamin D.

In subsection (b) the project length has been updated from 12 months to 24 months,
‘research’ has been removed from the project description, and the voluntary project
population of 500 pregnant women and their newborns has replaced the previous testing
group of all Alaskan newborns.

Subsection (c) describes a collaboration between the department and an interested nonprofit
entity to provide the services under the health project, and limits the cost to the department to
the lesser of $100,000 or 20% of the project cost. The services described in this subsection
include items relating to blood testing, which were listed under subsection (d) of the previous
draft. Italso outlines the three main goals of the temporary health project: determining
vitamin D levels of the participants, providing vitamin D supplementation as needed, and
providing information to the participants and the public on the project and on vitamin D
sufficiency.

Subsection (d) directs the department to contract with a qualified research group to provide
technical support as well as analysis for the samples and data collected during this health
project. Subsection (d) is similar to the first paragraph of subsection (c) of the previous draft.

Subsection (e) and subsection (f) have been updated to ensure the language conforms with
other sections that have been changes, but remain substantially similar.

www.housemajority.org/seaton
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CS FORHOUSE BILL NO. 90( )
IN THE LEGISLATURE OF THE STATE OF ALASKA

TWENTY-EIGHTH LEGISLATURE - SECOND SESSION

BY

Offered:
Referred:

Sponsor(s): REPRESENTATIVES SEATON, Gruenberg

A BILL
FOR AN ACT ENTITLED
"An Act relating to a temporary health project for testing mothers and newborns for

baseline vitamin D levels and supplying supplementation and nutritional education."
BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:

* Section 1. The uncodified law of the State of Alaska is amended by adding a new section
to read:

VITAMIN D TESTING FOR PREGNANT WOMEN AND NEWBORNS, (a) The
legislature finds that multiple studies demonstrate a link between vitamin D insufficiency in
newborns and higher incidences of mental and physical health problems that lead to higher
costs of future medical, educational, and support services. Studies also show lower rates of
negative pregnancy outcomes with adequate vitamin D levels.

(b) On or before January 1, 2015, the department shall coordinate a 24-month project
for the purpose of acquiring data on vitamin D levels of 500 pregnant women and their
newborns bom in the state during the testing period as provided in this section.

(c) The department shall award a matching grant of not more than 20 percent of the
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entire project cost, not to exceed $100,000, to a nonprofit entity to provide, at no cost to the
health care provider or to the participant, the following services:
(1) initiate a voluntary health project in the state to
(A) determine vitamin D levels of pregnant women and their
newborns;
(B) provide vitamin D supplementation, as needed, to project
participants; and
(C) provide public information regarding the project and the effects of
vitamin D deficiency;
(2) take or supervise the taking of blood-spot samples from approximately 500
volunteer pregnant women and their newboms for vitamin D level testing;
(3) conduct, to the extent feasible, the vitamin D testing at the same time as
other newborn or cord blood testing;
(4) ensure that the sampling complies with federal and state privacy laws;
(5) submit the samples to the group that is under contract with the department
to analyze the samples; and
(6) provide follow-up to the project participants as necessary to provide
nutritional education and vitamin D supplementation, if warranted.

(d) The department shall contract with a research group that is affiliated with an
accredited university in the United States and that is conducting national clinical research on
the subject of newborn and prenatal vitamin D levels to provide technical support and to
analyze the samples and data collected under (c) of this section.

(e) The department shall notify health care providers licensed in the state of the
existence of the project and provide contact information for the grantee under (c) of this
section.

(F) Inthis section,

(1) "'department’ means die Department of Health and Social Services;
(2) "health care provider' means a physician, physician assistant, midwife, or

nurse.
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HB 90- Vitamin D Supplements
Sponsor Statement

Recent pediiatric studies relating to vitamin D levels and infant development have added o
growing evidence of the innportance of vitarmin D sufficiency in arees such as languieck,

, and mental develgoment, denonstrating an assodiation between low vitamin
D levels mrmbarsadhg\ernsksofrrertd emlphySIcaI hedith prades.
Furthemmore they connect vitamin D deficency to severd factors relevent to Alaska suth
&8 northem latitudie, skin pigmentation, and covering. Additional research hes revealed
Mpregmtv\mmwnh ackeqLete vitamin D levels experience aloner rate of negetive

regnancy OUOITES.

HB 90 is atenporary law establishing atwo year helth project to prwdevltamn D
testing, health infonetion, and necessary emmg?or 500

approdnetely
participeati Alaskan\/\crrmanl iIr newbams. This prg) ectv\ajdgvew
deta.on tre baseline vitamin D levels of these Alaskans while helping tremaval

Bancy outooes and infant development issLes. Forlrstame, r%achlnSam
Carolina by Dr. Wegner et . hes denmorstratied thet supplenenting to sufficient levels of
vitamin D during pregnaincy can reduce the nunroer of pretermbirths to 794 nore then
2%helow the March of Dimes 2020 godl of 9 6%

'ITeposn]ve implications of HB 90 arenct ustlrrpwed hedlth, lut also economic

One pretermbirth oosts an of $5 000 in the proposed project group of
500 Alaskan woen, arate of reduction hl‘ﬂ’B similar to South Carolinawould
mean in savings of $1 375 poo.

Sufficient vitamin D is inportant to Alaskans’ health and sevings, but currentiy we only
have a limited idea of whet our levels ae. This temw"aym;%prqectwnl provice
beseline data.on aportion of our population while inproving their health outoores, and
will ke aninportant first step in estaldishing the hedlth of the greatier Alaskan population.



mailto:Rep.Paul.Seaton@akleg.gov

Alaska State Legislature

State Capitol, Room 102 270 W, Pioneer Avenue, Suite B
Jurneau, AK 99801 Horrer, AK 99603
Phone: 465-2689 Phone: 235-2921
Fax: 465-3472 Fax 235-4008
Toll Free (800) 665-2689 Rep.Paul.Seaton@akleg.gov

R epresentative Paul Seaton
District 30

Memorandum
To:  Representative Pete Higgins, Chairman- Health and Social Services Committee
From: Representative Paul Seaton
Date: February 4, 2014

RE: Explanation of Changes: Proposed CS HB 90 Version O

Explanation of Changes: Proposed CS Version O for HB 90

The Committee Substitute for House Bill 90, work draft 28-L.S0376\O makes the following
changes.

Language throughout the bill has been reordered and in some cases changed to indicate
importance and to reflect the purpose of the legislation, which is to establish a baseline vitamin
D level for Alaska through a temporary contract with a qualified and knowledgeable group.

The specific changes are as follows:

» The title has been altered to reflect changes made within the bill and to indicate a more
specific focus for the legislation.

* Insubsection (b), language has been deleted and modified. The purpose of this
subsection is to initiate the contract for a temporary vitamin D research project. The
changes are as follows:

0 The effective start date has been changed from January 1, 2014 to January 1,
2015.

0 The language has been changed to clarify that the department is to initiate a
contract for a yearlong testing project. Previous language had placed
responsibility for a program within the department.

www.housemajority.org/seaton


mailto:Rep.Paul.Seaton@akleg.gov
http://www.housemajority.org/seaton

[Type text]

Subsection (c) includes language which clarifies the type of research group the
department should contract with for this project and the requirements of the contract.
The purpose of this subsection is to define the type of contract the department is to enter
into for this project.

The requirements are as follows:

0 A limit of not more than $60 for the testing and analytical work of each sample,
which maintains the cost at the lowest know rate for this service.

0 A requirement that the test results be returned to provider who conducted or
oversaw the test taking.

0 A requirement to report the test results to the department without identifying the
newborn, allowing the state to map the vitamin D level of the newborn across the
state while maintaining privacy.

o Allowing the cooperation between the contractor, provider and department for
distribution of samples and reporting of data.

0 Other provisions necessary to establish the contract.

Subsection (d) includes language describing the role of the attending certified health
provider in conducting or supervising the test, as well as ensuring compliance with the
testing program and any federal or state privacy laws. Subsection B also states that these
provisions shall be undertaken at no cost to the provider or the parent of the newborn and
allows for parents to claim religious exemption from the testing. Similar language was
included in the previous Committee Substitute. This version expands the guarantee of no
cost to the provider.

This subsection clarifies the duties of the health care provider, ensures that the samples
are submitted to the proper testing group, ensures that testing under this project will be at
no cost to the parent of the newborn or the provider, and makes clear the privacy and
exemption rights of the parent and newborn.

The provider responsibilities are as follow:

0 The provider is responsible for taking or supervising the taking of blood-spot
testing from the cord blood of each newborn for the purpose of vitamin D testing.

0 The testing shall be conducted at the same time as other newborn blood tests
already required by the state.

www.housemajority.org/seaton
HB 90 Explanation of Changes, Page 2 of 3
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0 The sampling done under a certified provider must comply with federal and state
privacy laws.

0 The provider who takes or supervises the sample is responsible for returning the
samples to the contracted research group.

0 The provider will conduct a follow-up with the parent of a newborn if such a
follow up is within the provider’s standards of practice.

Subsection (e) is a new section in House Bill 90 which instructs the department to notify
health care providers in the state of the existence of the program , the terms of the
contract, and the contact information for the contracted research group.

This section is meant to ensure the communication between providers, the department,
and the contractor necessary to effectively pursue this project.

Subsection (f) defines terms used in the bill.

www.housemajority.org/seaton
HB 90 Explanation of Changes, Page 3 of 3
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CS FOR HOUSE BILL NO. 90( )
IN THE LEGISLATURE OF THE STATE OF ALASKA

TWENTY-EIGHTH LEGISLATURE - SECOND SESSION
BY

Offered:
Referred:

Sponsors): REPRESENTATIVES SEATON, Grncnberg

A BILL
FOR AN ACT ENTITLED

"An Act relating to a temporary research project for testing newborns for baseline

vitamin D levels."

BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:

* Section 1. The uncodified law of the State of Alaska is amended by adding a new section
to read:

NEWBORN TESTING PROGRAM FOR VITAMIN D; LEGISLATIVE FINDINGS,
(@) The legislature finds that multiple studies demonstrate a link between vitamin D
insufficiency in newborns and higher incidences of mental and physical health problems that
lead to higher costs of future medical, educational, and support services.

(b) On or before January 1,2015, the department shall initiate and coordinate a 12-
month research project for the purpose of acquiring baseline data on vitamin D levels of
newborns bom in the state during the testing period as provided in this section.

(c) The department shall contract with a research group that is affiliated with an

accredited university in the United States and that is conducting national clinical research on
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the subject of newborn and prenatal vitamin D levels to provide laboratory and analytic
services for the samples collected under this section. The contract must provide for

(1) acost of not more than $60 for testing and analytical work of each sample;

(2) reporting of test results to the provider who took the sample;

(3) reporting of test results to the department without identifying information
of the newborn;

(4) cooperation among the contractor, the provider, and the department for
provision of the samples and reporting of data; and

(5) other provisions the department considers necessary.

(d) A health care provider licensed in the state who attends the delivery of a newborn
during the term of the contract under (c) of this section shall, at no cost to the provider or to
the parent of the newborn, unless the parent of a newbom refuses testing based on a religious
tenet,

(1) take or supervise the taking of blood-spot samples from each newbom or
the cord blood for vitamin D level testing;

(2) conduct, to the extent feasible, the vitamin D testing at the same time as
other newbom or cord blood testing;

(3) ensure the sampling complies with federal and state privacy laws;

(4) submit the samples to the group that is under contract with the department
to analyze the samples; and

(5) provide follow-up to the parent of the newbom as necessary to meet the
standards of practice of the provider.

(e) The department shall notify health care providers licensed in the state of the
existence of the research project initiated under this section, contact information for the
contractor under (c) of this section, and the terms of the contract

() Inthis section,

(1) "‘department’'lmeans the Department of Health and Social Services;

(2) "health care professionalllmeans a physician, physician assistant midwife,
or nurse.

CSHB 90( ) 2-
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Representative Paul Seaton
District 30

HB 90- Vitamin D Supplements
Sponsor Statement

Recent pediatric studies relating to vitamin D levels and infant development have added to
growing evidence of the importance of vitamin D sufficiency in areas such as language,
psychomotor, and mental development. These studies demonstrate an association between low
vitamin D levels in newborns and higher risks of mental and physical health problems. The
studies also connect vitamin D deficiency to several factors relevant to Alaska. Northern latitude,
skin pigmentation, and Alaskan’s predominantly long sleeve clothing may all lead to low levels in
our residents. HB 90 is a temporary law, establishing a year-long project to test Alaska’s
newborn vitamin D levels. The samples collected during the HB 90 testing period will be sent to
an accredited laboratory to provide testing and analytical services. By testing across the wide
spectrum of locations and population groups, we will gain insight into how our population is
affected by Alaska’s northern latitude and which subgroups are at a greater risk of vitamin D
deficiency. Understanding and targeting those at-risk Alaskans revealed by the study at the
newborn and neonatal level, when important brain development is occurring, could lead to future
savings in medical, educational, and support service costs. Depending on the Alaskan Newborn
results, demonstrated links between neural development and vitamin D levels may point to
vitamin D deficiency as a limiting factor in reaching our State’s educational goals.

HB 90 Sponsor Statement, page 1of 1
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MEMORANDUM

TO: Representative Pete Higgins, Chairman- Health and Social Services Committee
FROM: Representative Paul Seaton
DATE: February 15, 2013

RE: Explanation of Changes in CS HB 90

Explanation of Changes in CS HB 90

The Committee Substitute for House Bill 90, work draft 28-LS0376/U makes the following changes:

In section 1, subsection d, line 10 the word ‘laboratory’ is deleted.
In section 1, subsection d, line 10 the deleted text is replaced with the phrase ‘research group.’

We requested that these changes be made because we felt the initial language was too specific, and might
prevent the department from contracting with an otherwise qualified and capable institution.


mailto:Rep.Paul.Seaton@akleg.gov

WORK DRAFT WORK DRAFT WORK DRAFT

28-L.S0376\U
Mischel
2/14/13

CS FOR HOUSE BILL NO. 90( )
IN THE LEGISLATURE OF THE STATE OF ALASKA

TWENTY-EIGHTH LEGISLATURE - FIRST SESSION
BY

Offered:
Referred:

Sponsors): REPRESENTATIVES SEATON, Reinbold, Greenberg

A BILL
FOR AN ACT ENTITLED
"An Act establishing a temporary program in the Department of Health and Social

Services for testing newborns for baseline vitamin D levels.™
BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:

* Section 1. The uncodified law of the State of Alaska is amended by adding a new section
to read:

NEWBORN TESTING PROGRAM FOR VITAMIN D; LEGISLATIVE FINDINGS,

(@) The legislature finds that multiple studies demonstrate a link between vitamin D
insufficiency in newborns and higher incidences of mental and physical health problems that
lead to higher costs of future medical, educational, and support services.

(b) Beginning on or before January 1, 2014, the Department of Health and Social
Services shall establish a 12-month statewide program for testing the vitamin D levels of
newborns at birth or as soon after birth as possible for the purpose of acquiring baseline
vitamin D levels of all newborns in the state during the testing period. The testing shall be

conducted, at no cost to a parent or guardian of the newbom, by or under the supervision of a

-1- CSHB 90( )
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health care professional licensed in the state who attends the delivery.
(c) The program established under this section must include a procedure for

(1) combining, to the extent feasible, the vitamin D testing with other newborn
or cord blood testing;

(2) ensuring testing complies with federal and state privacy laws;

(3) reporting test results to the department and to the parent or guardian of the
newborn; and

(4) permitting a mother of a newborn to refuse testing if serologic testing is
contrary to the tenets or practice of the religious creed of the mother.

(d) The department shall contract with a research group that is affiliated with an
accredited university in the United States and that is conducting national clinical research on
the subject of newborn and prenatal vitamin D levels to provide laboratory and analytic
services for the samples collected under this section.

(e) Inthis section, "health care professional’™ means a physician, physician assistant,
midwife, or nurse.

CSHB 90( ) -2-
New Text Underlined (DELETED TEXT BRACKETED)



10
11
12
13
14

28-L.S0376\R

CS FOR HOUSE BILL NO. 90(HSS)
IN THE LEGISLATURE OF THE STATE OF ALASKA

TWENTY-EIGHTH LEGISLATURE - SECOND SESSION
BY THE HOUSE HEALTH AND SOCIAL SERVICES COMMITTEE

Offered:
Referred:

Sponsor(s): REPRESENTATIVES SEATON, Gruenberg

A BILL
FOR AN ACT ENTITLED
"An Act relating to a temporary health project for testing mothers and newborns for

baseline vitamin D levels and supplying supplementation and nutritional education."
BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:

* Section 1. The uncodified law of the State of Alaska is amended by adding a new section
to read:

VITAMIN D TESTING FOR PREGNANT WOMEN AND NEWBORNS, (a) The
legislature finds that multiple studies demonstrate a link between vitamin D insufficiency in
newborns and higher incidences of mental and physical health problems that lead to higher
costs of future medical, educational, and support services. Studies also show lower rates of
negative pregnancy outcomes with adequate vitamin D levels.

(b) On or before January 1, 2015, the department shall coordinate a 24-month project
for the purpose of acquiring data on vitamin D levels of 500 pregnant women and their
newborns bom in the state during the testing period as provided in this section.

(c) The department shall award a matching grant of not more than 20 percent of the

-1- CSHB 90(HSS)
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entire project cost, not to exceed $100,000, to a nonprofit entity to provide, at no cost to the
health care provider or to the participant, the following services:
(1) initiate a voluntary health project in the state to
(A) determine vitamin D levels of pregnant women and their
newborns;
(B) provide vitamin D supplementation, as needed, to project
participants; and
(C) provide public information regarding the project and the effects of
vitamin D deficiency;
(2) take or supervise the taking of blood-spot samples from approximately 500
volunteer pregnant women and their newborns for vitamin D level testing;
(3) conduct, to the extent feasible, the vitamin D testing at the same time as
other newbom or cord blood testing;
(4) ensure that the sampling complies with federal and state privacy laws;
(5) submit the samples to the group that is under contract with the department
to analyze the samples; and
(6) provide follow-up to the project participants as necessary to provide
nutritional education and vitamin D supplementation, if warranted.

(d) The department shall contract with a research group that is affiliated with an
accredited university in the United States and that is conducting national clinical research on
the subject of newbom and prenatal vitamin D levels to provide technical support and to
analyze the samples and data collected under (c) of this section.

(e) The department shall notify health care providers licensed in the state of the
existence of the project and provide contact information for the grantee under (c) of this
section.

() Inthis section,

(1) "“department” means the Department of Health and Social Services;
(2) "health care provider' means a physician, physician assistant, midwife, or

nurse.
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New Text Underlined [DELETED TEXT BRACKETED



IMPLICATIONS OF

LOW VITAMIN D FOR

ALASKAN CHILDREN

House Bill 90

Representative Paul Seaton



TABLE OF CONTENTS

INRODUCTORY MATERIAL TAB NUMBER

V PowerPoint- Vitamin D: Implications for Alaskan Children
3(Proposal- Vitamin D Pilot Project
N Summary- Vitamin D and pediatrics

WN

PEDIATRIC STUDIES

Australia:maternal serum vitamind levelsduring pregnancy and offspring
NEUROCOGNITIVE DEVELOPMENT 4
SUPPLEMENT: TABLES EXTRACTED AND EDITED BY REP. SEATON

Spain: circulating 25-hydroxyvitamin d3and infantneuropsychological
DEVELOPMENT 5
SUPPLEMENT: TABLE 1EXTRACTED FROM STUDY

Pittsburgh:high prevalence of vitamin d insufficiency in black and white
PREGNANT WOMEN RESIDING IN THE NORTHERN UNITED STATES AND THEIR NEONATES 6
SUPPLEMENT: TABLE 2 AND FIGURE 3 EXTRACTS FROM STUDY

New Zealand: Vitamin Dstatus of exclusively breastfed infants 7
SUICIDE

\/STUDIES

/ VITAMIN D AND SUICIDE RISK FACTORS: PAGES 59-62 8
ARTICLES

A/VITAMIN D NEWS: RESEARCH REVEALS LINK BETWEEN VITAMIN D AND MILITARY SUICIDE 9

\/<rOHN CANNELL: IS LOW VITAMIN D LINKED TO MILITARY SUICIDE?

RESPIRATORY

VITAMIN D3SUPPLEMENTATION INPATIENTS WITH FREQUENT RESPIRATORY TRACT
INFECTIONS 10

LEGISLATION u

a Housebill 90-Vitamin D supplements
V'Sponsor statement

ALASKAN DATA 12

Nenana Student living center



Vitamin Do Implications for Alaskar
Childrer

Representative Paul Seaton



Enpresisnarksarddstributed by Represeriztive Seton

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Australia

Language Impairment

Maternal Scrum Vitamin D Levels During Pregnancy and Offspring

AdenJ Q V\htel‘aBS,N&rEﬂaeu Oco?mwe D’\ﬁidqg%m Patrick G Holt, Mera
Pediatrics 2012;129; 4% ongml Pn&“edtlﬁt ire Fenery 13 2012;

DOI: 10.154 peds 2011-2644*

The online version of this article, along with updated mformation and services, is
located on the World Wide Web at:
littp://pcdlatrics.aappublications. org/content/129/3/485 full.html

PEDIATRICS isthe official journal ofthe ArTencanA(meS%glf Pediatrics. A monthly

publlcaﬂon it rmbealaﬂ§BdM|nwﬂ since 1948, ATRICS is owned,

Sy e e s e,
levart ove inais, can

of Pediatries. Altrights reg‘gsed Print ISSN: 003 -4(%3 Onllnel : 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OP ALL CHILDREN"



Maternal Serum Vitamin D Levels During Pregnancy
and Offspring Neurocognitive Development

m im rn: Amiffiw J. O. VMeh®j&e, PhD, Bsrfeara J, Holt
BSc. Michael Serrslha, BSe(Hona). Patrick 6. Holt, C8Ov
Merci M>H. Koaef, MBBS, and Prue H Hart, PHD

foteflw
MmM

Adida

m urns
vitamin D, ae»rocogi»ftiva. langt impairment twhtwwrrt
problems, e*no»&MI problems* Sll‘.fi'

85% $ —95% confidence interval

BO—ChiM Behavior ONWeltet

OR—fldda ratio

PPvm-Peabody Picture vocabulary lest— Revised

Ms Kueel and BHart contributed equallyto this work.

Dre WMtetowe. m n'dHan developed tfta hypotheses-
Ma Holt, Mr SarraBia, & Holt, and Dr Hart bil ' serum
sample* for 25{0H)-ft3«nie 0

irefeouae conducted «fis statistical analyses and wrote the
main drafts of the mamiscript. Alt authors OOfitrlbutSd to the
teterpretatififl and diacwsakw of tN results and other sections
oftbe mawwcript.

WIAIPOdiatHC8. org/eg/doV18.1542fpBds. 200 1-2844
40i;1<M342fpad&™11»26M
Accepted for publication Nftv3.2M1

Address correspondence to Andrew Whitelwuae, PhD, telethon
Institute for Child Health Research, Centre for Child Health
Research,. University of ern Australia 100 Roberts fid,
Sobiaco, Western Aostnahe, Qustralia. Grreih
awtetchousetfichr.uwaadu.®u

PEDIATRCS IMTTM INunteers: Print. 0031'4005; Online, 1098-42751.
Copyright €» 2012 by the American Academy of Pediatrics

] re/woof nhis t)

| support e National Health and Msdical
Research Council and the lelethon Institute for Child
Health Research {TEHR> by long-term contribution to funding
this study ever Die past 20 years. Core Management of the Raine
study is tended by the University of Western Auasraiis (WWA);
Curtin UiifeMft the UWA Faculty of Medicine, Dentistry and
Heath Sciences; she edici Research Foundation; HIHR;
and tha Women's and Intents Research Foundation. Dr
Whitetiouse is tended by a Career Cfelopment Fellowshipfrom
the f#dVIRC {gram 100*065) and ter Hart by a Principal Research

pfrom the grant *58512),

«

WHAT'S KNOWN ON THIS SUBJECT: Vitamin O levels In the
general population have decreased considerably over the past
decade. The implications of maternal vitamin O Insufficiency
during pregnancy for offspring neurocognitive development
remain unclear.

WHAT THIS STTIBY ABBS: Studying a large sample and using

a prospective longitudinal design, this study demonstrates a link
between maternal vitamin D insufficiency during pregnancy and
offspring language impairment. There was no association with
childhood behavioral or emotional problems.

abstract

OBJECTIVE: To determine the association between maternal serum
25(0H)-vitamin 0 concentrations during a critical window of fetal
newodevelopment and behavioral, emotional, and language outcomes
‘ol offspring”

METHODS: Serum 25(0H!-viiamin 0 concentrations of 745 Caucasian
women in Perth, Western Australia (32°Si were measured at 18 weeks,,
pregnancy and grouped into quartiles. Offspring behavior was measured
with the Child Behavior Checklist at 2,5,8,10,14, and 17 years of age
(ft range » 412-852). Receptive language was assessed with the
Peabody Picture Vocabulary Test— Revised at ages 5 (ft - 554) and
to (ft* 474) years. Raw scores were converted to standardized scores,
incorporating cutoffs for clinically significant levels of difficulty.

RESULTS: £ analyses revealed no significant associations between
maternal 25(0H)-vitamin D serum quartiles and offspring behavioral/
emotional problems at any age. In contrast there were significant
linear trends between quartilo8 of maternal vitamin D levels and language
'impairment at 5 and () years of age. Multivariate regression analyses
incorporating a range of confounding variables, found that the risk of
women with vitamin D insufficiency (154S nmol/L) during pregnancy
having a child with clinically significant difficulties was
increased close to twofold compared with women with vitamin D
levels >70 nmol/L

CONCLUSIONS: Maternal vitamin 0 insufficiency during pregnancy is
significantly Bssocfataid with offspring language impairment. Maternal
vitamin D supplementation during pregnancy may reduce the risk of
developmental language difficulties among their children. Pediatrics
,2012:129:485-485
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WHAT'S KNOWN ON THIS SUBJECT: Adequate vitamin D status in
mothers during pregnancy may influence the health status of
offspring later in life. Browing evidence based on animal studies
is linking vitamin Dto brain development and functioning, but
studies in humans are lacking.

WHAT THIS STUDY ADDS: This large-scale prospective pregnancy cohort
study examines the association between maternal circulating
ZHiydroxswtanwi Ds concentrations in pregnancy and offspring
neuropsychological development Higher circulating concentration of
25-hydreixyvttamh 03 in pregnancy was associated wish improved
mental and psyebomator devekipment in infants. .

Jit/of.: <r- w

OBJECTIVE: To investigate whether circulating 25-hydroxyvitamin 03
[25fflH)DJ ‘concentration ir pregnancy is associated with neuropsy7-
chological development in infants,*"*

METHOQS. The Spanish popuiatian-tiased cohort study INfancia y Medio
Ambiente Project recruited pregnant women during the first trimester ,
of pregnancy between November 2QSS and February 2088. Completed
data on 1820 mother-infant pairs were used. Maternal plasma 25(QH)D3
concentration was measured by high-performance liquid chromatography
in pregnancy (mean )3,5+2.t weeks of gestation). Offspring mental and
psyclwnator scores wens assessed by trained psychologists at age 14
months (range, 11-23) by using the Bayley Scales of infant Development,
/Kloelficients with 95% confidence intervals (Cls) of mental and psychonwtor
scores associated wth continuous or categorical concentrations of maternal
plasma 25(QH)% were calculated by using linear regression analysts.
RESULTS: The median plasma value of 25(0H!D3in pregnancy was 29.6
ng/mL (interquartile range, 21.8-37.3) A positive linear relationship
was found between circulating concentrations of maternal 25(0H)03
concentrations in pregnancy and mental and psychomotor scores in
the offspring. After adjustment for potential confounders, infants of
mothers with 2S(OH)Dj concentrations in pregnancy >30 ng/ml
showed higher mental score (fi = 2.60; 95% Cl 0.83-458} and higher
psychomotor score (fi = 232; 95% Cl 0,36-4,28) in comparison with
those of mothers with 25<0H)D3 concentrations <20 ng/mt,
CONCLUSIONS: Higher circulating concentration of maternal 25(0K)D3
in pregnancy was associated with improved mental and psychomotor
“development in infants, Pediatrics 2012:f30:e913-€920
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o . . . DISCUSSION
A positive linear relationship was found

between circulating concentrations of Toour knowledge this is one of the first
m aternal 25(OH>Ds in pregnancy and larg.e-scale prospective bregnancy, cq-
botb mental (Fig SA) and psychomotor hortstudies to examine the association
(Fig 3B> development scores in the between m aternal circulating 25{OH)D3
offspring, in multavariable models, each _concentrations lin pnegnahey and off-*
TO og/m | increase in 25{0H>05in preg - spring neuropsychotogical development
nancy resulted in up "to 0.79 and 0.88 in infancy. Higher concentrations of cir-
points increase in mental and psycho - culating gSfOH>Da -lb pregnancy were as-
m otor developmentscores in offspring, sociated w ith improved mental and
respectively (Table 2}. Inthe basic model psychomotor scores. Infants of m others
w ith adjustm ent for area of study, in - w itb 25<OH)0>3concentrations >50 rag/m L
fants of mothers with 25{0H)D3 con - "fclinically considered as optim al lev-
centrations >-30 ng/m L showed an els> showed an advantage of2.6 and 2.3
advantage of3.17 and 2.42 points in the points, in. mental and psychom otor
mental and psychomotor scores, re- scores, respeirtTvie?" in com parison
spectively, in com parison with those of w itb those of m others witb 2rS(ON]jOs
m others with 25<OH>D.3, concentrations concentrations <-20 ng/mL {considered
< 20 ng/m L (model 1) (Table 2?. Although as deficient levels}. The association
attenuated,these associations rem ained rem ained significant after adjusting for
significant after adjustm ent for potential a wide range of potential confounding
ccnfdunders including child's gender, and interm ediate factors.

birth weight, m aternal country of ori- The m ain strengths ofthis study include
gin, m aternal age, parental socioeco- its population-based prospective de -
nomic status, m aternal education level, sign and large sample size as well as
parity, m aternal pre-pregnancy BsMI, and examination of the associations, with
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High Prevalence of Vitamin D Insufficiency in
Black and White Pregnant Women Residing in
the Northern United States and Their Neonates1

Lisa M, Bodnar2-4* Hyagriv N. Simhan,2’4 Robert W. Powers,34 Michael P. Frank,4 Emily Cooperstem,4
and James M. Roberts
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and Rmarch Institute, PiRsbnrgh, PA 1521.3

Abstract

in utero or eerly-Ifes vitamin D deficiency is associated wrtb skeletal problems,. type 1 diabetes, and.schizophrenia, but the
prevalence of vitamin D deficiency in U.S. pregnant women is unexplored. We sought to assess vitamin D status of
pregnantwomen and their neonates residing in Pittsburgh by race and season- Serum 25fhydroxyvitamin D (25(0OH)D) was
measured at 4-21 wk gestation and predeiivery in 200 white and 200 black pregnant women and in cord blood of their
neonates. Over 30% of women used prenatal vitamins. Women end neonates were classified as vitamin D deficient
(25{DH}D <37.5 nmol/Li, insufficient [2S(0M)D 37..&8Q nmol/LI, or sufident [2S(OH)D > 80 nmol/L]. At delivery, vitamin
D deficiency and insufficiency occurred in 29,2% and 84.1% of black women and 45.6% and 48,8% black neonates,
respectively. Five percentand 42.1 % of white women and 9.7% and 58.4% of white neonates were vitamin D deficient
and insufficient, respectively, Results were similar at <22 wk gestation. After adjustment for prepregnancy 8M| and
periooncepllon™ multivitamin use, black women had e smaller mean increase in maternal 25{OB!D (comparedwith white
women from winterto summer{16.0 = 3.3 nmol/L vs. 23.2 + 3.7 rwno|/L) and from spring to summer <13.2 + 3.0 nmol/L
vs. 27.6 A 4.7 nmol/L)\p < 0.01k These results suggest that black and white pregnant women end neonates residing in
the northern US ere at Mgh risk of vitamin D insufficiency, even when mothers are compliant with prenatal vitamins.

Higher-dose supplementation is needed to improve maternal and neonatal vitamin 0 mijtriture, 3. Mutt. 137:447-452,2007.

introduction

Rickets, once thought to have been nearly eradicated in the
United States in. the 1330s (1), has again become amajor public
health problem. Several reports have been published describing
recent cases of rickets in. infants, mostofwhom wore black and
exclusively breastfed (2-5). The rccmcrgencc ofrickets is thought
to be due to an epidemic of vitamin D deficiency in mothers and
children {6). A newborn’s vitamin D stores are completely reliant
on vitamin D from the mother (7), Not surprisingly, poor ma-
ternalvitamin D status during pregnancy is a major risk factorfor
infantrickets fS-40),

In addition to causing poor global mineralization of the
skeleton, vitamin I) deficiency has implications for numerous
other nonskeietaf health outcomes. In utero or early life vitamin
i> deficiency has been linked to an increased risk: of type 1 dia-
betes (11), asthma (12), and schizophrenia (13,14), Fascinating
new data also show thatvitamin D regulates placental develop-
ment and function (13), which suggests that maternal vitamin D

1Support** by MM grants P-PG2P01 HD30367 and SMO1 BR00056. Dr. Bodnar
was supportedtoy MH grant KDL MH074092, Dr, W « supported tty WIH
grants AL HDC41683 md. 801 HDO052732. Tte authors do my» dadara asy
convicts of interest

* Towhom cmzmporfdmcia stolid be adcfeesssd. E-mail: bodn#®Mc, piR.edu,.

0022-3t66Ai7 S8.0D© 2007 tom ficon Society for Nutrition.
Mwrwé&nswtn* mrmhiVMrt 9ft A*an»»t

status may be associated with adverse outcomes of pregnancy,
such as miscarriage, preeclampsia, and preterm birth.

Hie mostimportant source ofvitamin. D is the skin’s synthesis
of the vitamin from UV B solar radiation (16). Any process
that reduces UV B photons from entering the epidermis will
diminish cholecakiferol (vitamin D-3) production. The skin pig-
ment melanin absorbs UV B photons and can reduce vitamin
P-3 synthesis by >90% (17). Consequently, African Americans
are at high risk of vitamin D deficiency. The most recent data
from the National Health and Nutrition Examination Survey
(1988-1994) indicated that vitamin D deficiency |25-hydroxy-
vitaminp [25(0H)BJ 3*37+*5 nmol/L] w m prevalentin 42% of black
childbearing-aged women and only 4% ofwhite childbearing-
aged women residing throughoutthe United States (18). Vitamin
D status is also worsened in winter months {November through
March), when, at latitudes above 37¢,'lessljyBradktion. reaches
the earth, and little or no vitamin D can be synthesized in the skin
(16,19). Indeed,. vitamin D deficiency in tLS. childbearing-aged
women was more than 3 times ascommon in winter than sum-
mer in both blacks and whites (18).

Despite the striking; racial disparity in vitamin D deficiency
and the strong influence of season, there are few recent inves-
tigations into the vitamin D status of U.S. black and white

pregnantwomen and. their neonates throughout the year: Given.
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T A BLE 2

4—21 wk gestation
Serum 25(0H)D,2 nmol/L

Vitamin D status, %
Deficient: 25(0H}D <37.5 nmol/L
Insufficient: 25(0H)D 37.5—80 nmol/L
Sufficient: 25(0H)D >80 nmoi/L

37—42 wk gestation
Serum 25(0H)D, nmol/L

Vitamin D status, %
Deficient: 25(0H)D <37.5 nmol/L
Insufficient: 25{0H)D 37.5—80 nmol/L
Sufficient: 25{0H)D >80 nmol/L

Cord blood
Serum 25(0H)D, nmol/L

Vitamin D status, %
Deficient: 25(0H)D <37.5 nmol/L
insufficient: 25(0H)D 37.5—80 nmol/L
Sufficient: 25(0H)D >80 nmol/L

1 Values are geometric means [95 %CIl] or %.

W hite women,

73.1 (69.4, 76.9)

80.4 (76.0, 85.1)

67.4 (63.8, 71.3)

Vitamin D status of white and black pregnantwomen
and their neonatesl

Black women,

n = 200 n — 200

40.2 (37.9, 42.7)*

49.4 (46.1, 52.9)*

n *f*

16.7

39.0 (36.3, 41.8)

ADifferent from white women, P <

0.001 (student's t test); *"*different from white women, P < 0O.00l (chi-square test).

2 Log-transformed to ensure normality.
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Vitamin D .status of exclusively breastfed infants aged .2-3 m onths.
WaMC.R. GibntCC, Jones |.

SO 'Urce: nisolpifine ofN utrition. Facu ity of M edicaland Hiee fth Sciences. Utnrwers-rlyof Auckland.
Auckla nd,Mew Zealand.

Ato-S'trabct

BACKjJCJbtOUISIJ: New' Zealand, in 2003 adopted. W HO policy w'hich. recomxaends that all
infants are exclusively breastfed until Smonths ofage. The benefits o fthis policy for the infant
are undisputed; however, this policy has the potential to adversely impact on infant vitamin D
status. A number ofcountries now recommend that all breastfed infants receive daily vitamin. D
supplementation o f400 IU to preventrickets. New Zealand has no policy on the vitamin D
supplementation ofTow-risk' breastfed 'infants. There are no data on the vitamin Et status o f
exclusively breastfed infants-in the first few months o flife in New ZeaiandL

AIM : To describe serum 25-hydroxy-vitamin ID €25COfO ©jxoncentrations in esdustvely
breastfed infants, aged 2-3 months.

EIESICaSWIMETHODIS: Healthy term exclusively breastfed infants who were receiving no
vitamin ID supplements were enrolled overa 15-month period. A capillary blood sample was

obtained from each infant. Serum 25tOHBD vi'as measured using isotope-dihition liquid
rVifnm ratogT-apTiy-®fandpm mass spectrometry.

RESULTS: 94 infants were enrolled (mean age 10 weeks). Median 25(OH)D concentration was.
53 jysjsLI (IQR 14-100 p®|p],IX..23 <24% > infants had serum 25<OH>ID concentration ~27.5
Bt?tEkL'l. Infants enrolled during winter had a median <TQR.)25(OH>D serum concentration of21
TiTTigll <1431 XJnfants enrolled during summer had a median (IQ R) 25<0K2JDconcentration o f
75 ntual-1 <55 1CK>><winter ys .summer, prcO.00QI}.

CONCLUSIONS:Vitamin D deficiency is.prevalent in exclusively breastfed infants,in New
Zealand. Vitamin ID supplementation should be considered as part o fNew Zealand’s child health
policy.

PMIP:233Q 3 4i33fP ubfc<cAe<d-as supplied bypublisher]

Vitamin ID levels o finfants converted frttm rtrrbcitfl -to fete
common measurement for blood serum cttticentrations, ng/imtl
-Entire study.
Nfedxan = 2.1.2 ng/m |
24% o finfants. C 11 qg,TnL
-Infants enrolled in winter:
AMedian = S-.4ng/ml
Highestlevel =12.4 ng/m|
—nfants. enrolled in summer::
Bvfedian = 30 ng./ml

ConversioiiJiofes bthe oHtof o fRerpieaesitative Ssstoei
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A b stract

Low vitamin D levels are negatively associated with certain prosuicidal factors such as
exacerbation of depression, anxiety, psychosis, and certain medical conditions. Therefore, we
hypothesize that they may also be associated with completed suicides. In particular, lower
vitamin D levels at the end of winter, secondary to the lower vitamin D production in the skin,
(as a result to reduced skin surface exposure as well as reduced duration of exposure, an after
effect of uncomfortably low heat index and lower solar radiation). In preparation to test this
hypothesis in future research, we now briefly review the existent literature on vitamin D, its
deficiency and its reported association with certain risk factors for suicide.

Introd uction

Suicide is the 10th leading cause of death worldwide and the second leading cause of
death in adolescents and adults ages 15-35 years (1-3). Suicide attempts are 2 to 3 times more
likely than fatal completions (4). Approximately 90% of individuals who die by suicide are
diagnosable with a psychiatric illness. About 9.5% of the United States population suffers
from a mood disorder including 6.7% suffering from major depressive disorder, 18.1%
diagnosed with an anxiety disorder and 1.1% with a psychotic disorder expressed by



Vitamin D news
Research reveals lirk between low vitamin D and military suicide
07 January 2013

Research published this past week is the first to report that low vitamin D levels are associated with an
increased risk for suicide in US military personnel.

John C. Umhau, MD, and colleagues in Bethesda, Maryland conducted a prospective, case-control study
using serum samples stored in the Department of Defense Serum Repository. The researchers matched
495 verified suicide cases to 495 controls by rank, age and sex.

The researchers found that more than 30% of all participants had vitamin D levels below 20 ng/ml. The
subjects with the lowest vitamin D status (<15.5 ng/ml) had the highest risk of suicide, while
participants with higher 25(OH)D status showed a decreased risk. The authors conclude,

"Future studies could determine if additional sunlight exposure and vitamin D supplementation might
reduce suicide by increasing 25(OH) D levels."”

Source:

Umhau JC, et al. Low vitamin D status and suicide: A case-control study of active duty military service
members. PLOS ONE. Jan 2013.



Is low vitamin D linked to military suicide?

Posted on January 10. 2013 by John Cannell. MD

The authors studied 495 cases of suicide among active duty military personnel who had their blood drawn within 2
years of their suicide. They compared them to 495 matched cases controls.

Umhau JC et al. Low Vitamin D Status and Suicide: A Case-Control Study of Active DutyMilitary Service Members. Plos
One

More than 30% of the soldiers had vitamin D levels lower than 20 ng/ml, even in the summer. When sampled in the
winter, more than 60% of the soldiers had levels less than 20 ng/ml. They then grouped the soldiers in octiles; in other
words, they divided the soldiers into 8 equal groups by grouping them according to vitamin D levels. They found that
soldierswith the lonest lewels of vitamin D were twice as likely to complete suicice as were soldierswith higher
leels.

The authors made the following points in their paper:

Sunlight may exert benefits over and above that of making vitamin D. For instance,sunlight is involved in melatonin
physiology and melatonin can affect mood.

Low vitamin D status has recently been connected with, low cognitive performance, psychotic-like symptoms, and
depression.

A depressive episode does not always precede suicide. The development of suicidal thoughts can be sudden and occur
within 10 minutes of a suicide attempt. Impulsivity plays a major role in military suicides.

Low serotonin occurs during the winter; and as most know, serotonin is popularly thought to be central to feelings of
happiness. This fact may confound the relationship between vitamin D levels and risk of suicide.

A recent study found the vitamin D levels of soldiers in basic training in South Carolina fell at the end of 8 weeks of basic
training due to the heavy clothing worn by soldiers.

Dr. Umhau and colleagues concluded,

"Studies are urgently needed to develop an appropriate strategy to insure that service members do not suffer the ill
effects ofa preventable deficiency of vitamin D."

We agree but would add that the military should take immediate steps to treat vitamin D deficiency that is rampant
among their soldiers.
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Vitamin D3supplementation in patients
with frequent respiratory tract
infections: a randomised and
double-blind intervention study

Peter Bergman,1-2'3 Anna-Carin Norlin,24 Susanne Hansen,2
Rokeya Sultana Rekha,5 Birgitta Agerbeith,5 Linda Bjdrkhem-Bergman,6
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ABSTRACT

Background: Low seium levels of 25-hydroxyvitamin
Ds are associated with an Increased risk of respiratory
tract Infections (RTIs). Clinical trials with vitamin D3
against various Infections have been carried out but
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Article focus
m Recent evidence suggests .tot vitamin D3 has
potent extiaskeletal effect's, such as suppression

cdoudeVhii tivBTiHan dataare so far not conclusive, thus, there Is a need for ot Inflammation and strengthening of mucosal
sudy. additional randomised controlled trials of effects of Immunity by Induction of antimicrobial peptides.

30633 dr 10113 vitamin D3 on infections. « Dala tram observational studies suggest thst low
e 202063 Objective: To investigate It supplementation with levels of 25-hydroxyvitamin Da are associated with
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additional meterial for this
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view these Ties please visit

vitamin Ds could reduce Infectious symptoms and

antibiotic consumption among patients with antibody

deficiency or frequent RTIs,
Design: A double-blind randomised controlled trial.
Setting: Karollnska University Hospital. HuddInge.

an Increased risk of respiraoty tract infections.

* Results from a limited number of randomised
controlled trials on the protective rote of vitamin
D3 against respiratory trxt infections are Incon-
clusive and thus additional studies are warranted.

the journal online Participants: 140 patients with antibody deficiency
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{>4 bacterial RTIs/year) tot without Immui

iagnosis.
Intervention: Vitamin Q3 (40001U) or placebo was
given daily for 1 year.

«

The mam cofiClusioa is that vitamin Dj supple-
mentation reduces symptoms and antibiotic con-
sumption among patents with an Increased

This final article is available
for use under tie terms of

1he Creative Commons Primaiy and secondary outcome measures: The frequency of respiratory trxt Irtections. Thus,

Attribution Non-Commercial primary endpoint was an Infectious score based on five vitamin 03supplementation may be an alternative

2.0 licence: see parameters: symptoms from respiratory tract, ears and strategy to reduce antibiotic use among patients

httptfomjopen.bmjxom sinuses, malaise and antibiotic consumption. with recurrent respiratory tract infections.
Secondary endpoints were serum levels of

PB and ACN contnbuted 25-hydroxyvitamin Da, microbiological findings and Strengths and limitations ot this study

eqaaty to ths study. levels of antimicrobial peptides (LL-37, HNP1-3) In * A high dally dose of vitamin D3 was used, the

nasal fluid.

Results: The overall infectious score was significantly
reduced for patients allocated to the vitamin D group
(202 points) compared with the placebo group

(249 points: adjusted relative score 0.771,95% Ct
0.604 t00.985, p-0.04).

Limitations: A single study centre, small sample size
and a selected group of patients, the sample size
calculation was performed using p«0.02asthe

For numbered affiliations sec ignificance level whereas the primary and secondary
tond nf artivit f\ﬁum Il M@ knalumil wn«pl[}ﬁrrwum{]

study time was a full year covering ail seasons
and patients with an increased frequency of
respiratory tract infections were studied.

* A single study centre, small sample size (rt*140)
and a selected group of patients.

INTRODUCTION
Vitamin D wes discovered when it wes noted
that rachitic children were improved by expos-
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Vitamin D35upp|em entation and respiratory tract infections

buta reduction of s aumts and fungal species thatoften
colonise the airways was observed. This could be
explained by specific effects by vitamin an immunity
against s mtmts. In fact, vitamin D* induces human
fkfefensin-2 (HBD-2) with bactericidal activity against
& auwus,29 A recent study showed that low vitamin D3
levelswere associated with anincreased riskof being colo*
nised by this bacterium.30 Further, vitamin affects
immttirftyagainstc albwma, which indicates direct effects
of vitamin D$ on human immunity.31 Alternatively, it is
possible thatvitamin D3 mayhave prevented symptomatic
viral infections, which prompted patients to leave a bac-
terial sample from the airways.Interesting!)’ there is both
mechanistic and clinical evidence that vitamin Da can
preventviral infections,32* 4 -although we did not address
this, in the currentstudy:

Notably, we observed a prominent, increase in the
serum concentration of 26-hydcoxyvitamra Dj, which
indicated good compliance and tolerability of the study
drug. In feet, there was a trend towards adverse events
being reported more often in the placebo group, sug-
gesting that, vitamin Ds* possibly could be efficient,
against, other diseases, but. this observation requires
further studies. No ciniealy relevant changes of blood
chemistry' (calcium, phosphate, albumin or creatine)
were observed. Despite few adverse events and high toi-
erability, 16 exclusions occurred during the study year.
The main reason was problems to adhere to the proto-
col and 6/16 patients dropped out of the s
few weeks. The rest, failed to send hot
leave blood for monitoring of safJ®"paiamet&rs or did
not take the study drug, One pitientwas.excluded based
on symptoms that could be attributed to vitamin Ds
(facial paraeslhesta). However, this patientwas later con-
firmed to have been allocated to placebo.

In summary, we found that supplementation with
vitamin D& reduced the total infectious score with 47
points per patient (26% reduction in die adjusted ana-
lysts) during the study year. The observed reduction was

wer than the assumed reduction of 7# points per
patient (predefined assumption: 210 points->140 points;
a reduction of 30%) that formed the basis for die power
calculation. However, despite die predefined level of a
lednction ofinfectious score by 30% as aclinicaliy mean-
ingful effect, we believe that effects lower than this also
could be relevant for the individual patient vfe base this
line of reasoning on the fact that a reduction of 47 points
per patient can be translated into 47 days with cough
(47 points), 23days with ear and sinu”M M j*"rs
(23x2=46 points) or 9days withyj*n*""0*iMmcM !:ar
symptoms togedier with malaisepll®W nlibiottcs (9x6=45
K>ints). In addition, our data indicate diat vitamin Dg
supplementation reduces die odds of taking antibiotics
by approximately 60% in patients with frequent respira-
tory tract infections. Thus, supplementation with vitamin

s provide a newel strategy'to reduce antibiotic use
among high consumers and indirectly prevent die emer-
ging epidemic of bacterial resistance.
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In sumay, we found thet supplementation with
" vitamin Dg reduced the total infectious soore with 47
points per panent (23%oreduction in the adjusted ane:-
Iyss) during the study year. The dbserved reduction Was

REFERENCES
1

N

o sw

Hess AF, Unger LJ, Pappenbsiimer AM Experimental ricketsm rats.
1M The prevention of ricketsin rats by exposure to sunlight 3 Biol
Chem 1€t22;50:77-fil.

Hofidk MF, MacLaughfin JA, Clark MB, atat. Photosynthesis of
provitamin 03 in human $Mn and tie physfoiogfe csxisegywes.
Science 1$©0;210:203-5.

Holidt MF. Vitamin D deficiency. N £ 3 W2007;35726B-8t.
Hanadottr 5, nfoofek MM. Vitamin D effects on lung immunity aid
respiratorydiseases vttam Horn 2011;86:2f7-37.

Hewison M. Antfoactens! effects of vitamin D. Nat Rev Endocrinol
2011,7:337-45.

Gihney KB, MacGregor L, Lacier K, atat. Vitamin D dsfofoncy Is

dlily Mn
points). In addition, our data indicate that vitamin Ds
Supplementation reduces the odds of taking antibiotics
by approximately so0 %oin patients with frequent respira-
mtract infections. Thus supplementation with vitamin

B0 44
2006;311:1770-3.

Daniel G, Sartory ma, Zahn M, et al. Immune modulatory treatment
oftnniiroben” ne sulfonic add cdifes with eafcatrioi is associated vitsh
a diange of a T helper (Th) 1/Th17 toa Tn2 and reguiatcay T ceil
profile. 3 Pharmacd Exp Ther2008324:23-33.

Bergman P, Noiltn A-C, Hansen S. etal. B w Qpen20122:e00!663. «l0i;10.11364)mjopen-2012-001663 9



10,000 babies
e 1 year
e $300,000

“Your Support is Appreciated

B



If we assume that Alaska has the same distribution ofvitamin D

POTENTIAL IMPLICATIONS FOR ALASKA

And if every child was then

severe language

Then, from an Alaskan birth population of 10,000 a year, raising the vitamin D

raised to the

impairmentis approximately 3% ...

levels as Perth, Australia....

level of Quartile 4 (29-61 ng/m1l) where the rate ofmoderate-

level to above 30 ng/m |

could mean 400 fewer children peryear entering kindergarten with moderate to severe language

impairment.
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Figure 1 dataformatchangedandnotes added by Rep. Seaton

From Whitehouse.A. (2012) MaternalSerum Vitamin D Levels Moderate-Severe
duringpregnancy and offspring neurocognitive development.

Pediatrics485-493

Age5 Age 5 Age 5 Age 5

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(15-46 r>mol/L) (47-59 nmol/L) (60-71 nmol/L) (72-154 nmol/L)
(6-18 ng/ml) (19-23 ng/ml) (24-28 ng/ml) (29-61 ng/ml)

Maternal 25fOH)-vitaminD concentration during pregnancy



Vitamin D pilot project

The purpose of this project isto attain a baseline of the vitamin D levels in
newborns in Alaska. Numerous healthcare organizations and providers recognize
the importance to individual health of attaining adequate vitamin D levels.
Studies on the vitamin D levels in different populations in Alaska have generally
found Alaskans to be deficient. There is a broad body of research that suggests
vitamin D deficiency and insufficiency has negative health impacts. Knowledge of
the vitamin D levels in Alaska newborns will allow healthcare providers and policy
makers to more accurately address, and help prevent the health challenges facing
Alaska.

The Alaska State Legislature unanimously passed a resolution establishing
prevention of disease as a primary model of health care in Alaska, with a
particular emphasis on vitamin D. Asthere are numerous studies showing the
positive benefits of vitamin D, the resolution further encourages the Alaska
Department of Health and Social Services and healthcare providers to increase
attention to vitamin D deficiency and vitamin D blood testing, and to promote the
awareness of the potential benefits of supplementation.

This one-year pilot project would be voluntary on the part of the parents, and
would simply add an optional blood testto the two metabolic screens that the
State currently requires of newborns. The current mandatory metabolic testing is
carried out by heel prick and blood drop method, with the blood collected on a
sheet of test paper. Asthe same technology exists to measure Vitamin D levels,
this testing could be carried out at the same time, by the same heel prick. The
vitamin D test cards would be sentto lab through an organization that gathers
vitamin D level data for different populations.

The cost of the lab test and the individual analysis is approximately $30. 11,320
children were born in Alaska in 2011. However, considering that a number of
parents will opt out of the program, the estimate on the test population is about
10,000 newborns. The pilot project could be carried out for $300,000.

Prepared by the Office of Representative Paul Seaton



Vitamin D and Pediatrics

Recent pediatric studes relating to vitamin D levels and infant development have
added to growing evidence of the importance of vitamin D sufficiency in neonatal
development. The data from these studies strengthens the case for an Alaskan-
wide newbom vitamin D testing project.

A 2012 study conducted in Perth, Australia (\Whitehouse, et al.) found thet
metemal blood concentrations of vitamin D during the second trimester of
pregnancy hed a significant positive assodation with language outooes of the
offspring, measred ats and 10 years of age. The study of 743 Caucasian nother-
infant pairs found thet for womenwith avitamin D insufficiency (equd to or less
than 1s.4 ng/m) during pregnancy the risk of having a child with moderate to
severe clinical language difficulty wes nore then twice as great as women with
vitamin D serumlevels greater then2s ng/ml. This large scale study dhons an
assodiation between low matemal ssmmlevels and offspring language inpainrent.

Ancther 2012 study conducted arong 1820 mother-infant pairs in four locations in
Spain (Morales, et a.) found apositive correlation between matemal blood serum
concentrations of vitamin D during pregnancy and infant psychomotor and mental
soores at 14 months. Infants of nothers with avitamin D concentration greater
than so Ng/m showed higher mental and psychomotior soores in comparison with
infants of mothers under 20 Y/, The statistically significant sanle size of this
study adds to evidence thet prenatal vitamin D levels can affect brain development.
This study also offers relevant latitude-ased results; the data fromthe four
locations of studly, Valencia (at 39 °N latitude), Sabadell (at+1 °N latitude),
Gipuzkoa (at 42 °N latitude) and Asturias (23 °N latitude), showed thet the locations
with the northermnost latitudes had the lonest percentages of vitarmin D sufficient
mothers.

A 2011 study conducted in Philadelphia (Bodnar, etal.) amongzoo white nother-
infant pairs and2oo black mother-infant pairs found statistically significant
difference in rates of vitamin D sufficiency betweenwhite and black pairings. At
delivery 2 9 2 %00f black women were deficient (<15 ng/m) and s 4 .1 %einsufficient
(15-32 ng/iml), with black infants 4 5 s Yodeficient and 4 s s Yoinsufficient. That is
compared with s Yoand 4 2 .1 %eof white women and s .7 %and s s 4 Yowhite infants.



This could be because African Americans have higher levels of the skin pigment
melanin, which aosoris UV B photons and stiops the body’s creation of vitamin D,
Additionally, the study shows that black women hed asmaller mean increase in
vitamin D levels between spring and summer, supporting the evidence thet they are
less adle to synthesize vitamin D when exposed to typical sunlight.  Furthemore,
the data shows thet over s 6 Yoofwhite infants and ¢ 2 %ot black infants in
Philadelphia were vitamin D deficient or insufficient, despite approximetely 90 %
of both groups of pregnant wonmen reporting taking prenatal vitamins.

THE CASE FOR ALASKA: The studies in Australia and Spain (among athers)
have shown aconnection between prenatal vitamin D levels and neurdl
development in children and infants: specifically in language, psychomotor, and
mental development. The study in Spain, conducted in four locations, provides
evidence thet populations at higher latitudes have lower rates of vitamin D
sufficiency. The Philadelphia study shows thet race (or skin pigmentation) hes an
effect on the body’s levels of vitamin D. Alaska is further north then any of the
locations studied in Spain, suggesting our state may have even lower levels of
vitamin D sufficiency. Alaska indudes diversely pigmented ethnic groups thet
mey have differing levels of vitamin D.  The long deave clothing wom in Alaska
to avoid mosguitioes may also initatte the solar shield of pigmentation, leading to
vitamin D insufficiency.

Ifwe establish aproject in Alaska to test newbom vitamin D levels across awide
spectrum of locations and population groups, the collected datawould provide
insight into how our populations are affected by Alaska’'s northem latitude and
which subgroups are at agreater risk of vitamin D deficiency.  If results snow thet
Alaskan newbams are vitamin D deficient, the implications of neurodevelopmental
effects from studies such as Australia (Whitehouse et al.) and Spain (Morales et
al.) may help explain why soe of our education strategies have not yet vielded the
results we expect.
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WHAT'S KNOWN ON THIS SUBJECT: Vitamin D levels in the
general population have decreased considerably over the past
decade. The implications of maternal vitamin D insufficiency
during pregnancy for offspring neurocognitive development
remain unclear.

WHAT THIS STUDY ADDS: Studying a large sample and using

a prospective longitudinal design, this study demonstrates a link
between maternal vitamin D insufficiency during pregnancy and
offspring language impairment. There was no association with
childhood behavioral or emotional problems.

abstract

OBJECTIVE: To determine the association between maternal serum
25(0H)-vitamin D concentrations during a critical window of fetal
neurodevelopment and behavioral, emotional, and language outcomes
of offspring.

METHODS: Serum 25(0H)-vitamin D concentrations of 743 Caucasian
women in Perth, Western Australia (52°S) were measured at 18 weeks,
pregnancy and grouped into quartiles. Offspring behavior was measured
with the Child Behavior Checklist at 2, 5, 8,10,14, and 17 years of age
(n range = 412-652). Receptive language was assessed with the
Peabody Picture Vocabulary Test— Revised at ages 5 (/? = 534) and
10 (n = 474) years. Raw scores were converted to standardized scores,
incorporating cutoffs for clinically significant levels of difficulty.

RESULTS: X2 analyses revealed no significant associations between
maternal 25(0H)-vitamin D serum quartiles and offspring behavioral/
emotional problems at any age. In contrast, there were significant
linear trends between quatrtiles of maternal vitamin D levels and language
"impairment at 5 and 10 years of age. Multivariate regression analyses,
incorporating a range of confounding variables, found that the risk of
women with vitamin D insufficiency (*46 nmol/L) during pregnancy
having a child with clinically significant language difficulties was
increased close to twofold compared with women with vitamin D
levels >70 nmol/L.

CONCLUSIONS: Maternal vitamin D insufficiency during pregnancy is
significantly associated with offspring language impairment. Maternal
vitamin D supplementation during pregnancy may reduce the risk of
developmental language difficulties among their children. Pediatrics
2012:129:485-493
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Maternal vitamin Dinsufficiency during
pregnancy is associated with adverse
health outcomes in offspring, including
intrauterine growth-restriction,1 re-
duced bone-mineral accrual2 and re-
current wheeze.3 To date, the majority
of evidence for an effect of maternal
vitamin D levels on fetal brain deve-
lopment has come from studies inves-
tigating the timing of pregnancies,
which have identified an increased risk
for multiple sclerosis among the off-
spring of pregnancies in which the first
and second trimesters coincided with
the winter and spring months.4 Direct
sunlight is a main source of vitamin D,
and it has been hypothesized that ma-
ternal vitamin D insufficiency (most
common in winter and spring) during
the first and second trimesters, may
underpin the association between the
timing of pregnancy and offspring
morbidity.45 However, it is often diffi-
cult in these observational studies to
investigate sunlight exposure and con-
sequent vitamin D levels in isolation
from other seasonal factors that may
also influence fetal neurodevelopment,
such as changes in temperature, and
maternal nutrition and infection.6

Vitamin D from the skin and diet is
metabolized in the liver to 25(0H)-
vitamin D, which can then be mea-
sured in blood samples as amore direct
investigation of vitamin D status.5 Al-
though rodent studies have linked low
maternal 25(0H)-vitamin D during preg-
nancy with atypical behavior among
pups,78only 1 study has examined this
association in humans. Gale and col-
leagues9 measured the circulating 25
(OH)-vitamin D levels of 466 pregnant
women and reported no statistically
significant association with offspring
behavior and verbal IQat 9 years of age.
However, the study was limited by
considerable sample attrition, with
only 178 (38.2%) of the original cohort
contributing data at the 9-year-old
follow-up. Consequently, there were
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small numbers of children identified
with "problem behaviors” at follow-up
(n range: 24-33), which limited the
capacity of the study to identify statis-
tically significant effects. Furthermore,
maternal vitamin Dconcentrations were
obtained during the third trimester
of pregnancy (median: 32.6 weeks;
range: 28-42 weeks), which may not
reflect circulating levels earlier in
gestation, when cortical structures
critical to behavioral regulation and
language acquisition are first for-
med. 10

Given that vitamin D insufficiency is
observed in up to 60% of Caucasian
womenll and that the rate among
women with dark skin is estimated to
be even higher,22 4 understanding the
implications for offspring neurodeve-
lopment is of urgent importance. Here
we report a large-scale longitudinal
study of the association between ma-
ternal 25(0H)-vitamin Dconcentrations
measured during the second trimester
and behavioral and language develop-
ment of offspring to age 17 years.
Participants were from the Western
Australian Pregnancy Cohort (Raine)
Study, a sample of pregnant women
and their offspring from Perth, Western
Australia, which is at latitude 32°S.
Given the relatively few number of non-
Caucasian participants in the Raine
Study and recent findings that ethnicity
may confound both 25(0H)-vitamin D
serum concentrations and cognitive
test scores,1516 the current study in-
vestigated Caucasian mothers and
their offspring only.

METHODS
Participants

The Western Australian Pregnancy
Cohort (Raine) Study recruited preg-
nant women from the public antenatal
clinic at King Edward Memorial Hos-
pital or surrounding private clinics in
Perth (Australia) between May 1989
and November 1991 (N = 2900). The

inclusion criteria were a gestational
age between 16 and 20 weeks, English
language skills sufficient to under-
stand the study demands, an expecta-
tion to deliver at King Edward Memorial
Hospital, and an intention to remain in
Western Australia to enable future
follow-up of their child.17 Participant
recruitment and all follow-ups of the
study families were approved by the
Human Ethics Committees at King
Edward Memorial Hospital and/or Prin-
cess Margaret Hospital for Children in
Perth, Western Australia. Parents pro-
vided written informed consentto par-
ticipate at each follow-up. The current
study included only those mother-child
dyads in which the mother self-identified
as Caucasian and where maternal blood
was collected at 18 weeks' gestation
and behavioral data were available for
the offspring.

Maternal 25(0H)-Vitamin D

From 1989 to 1991, venous blood was
obtained at 18 weeks' pregnancy in
929 randomly selected women, centri-
fuged, and serum collected and stored
at -80°C. In June 2011, Serum 25(0H)-
vitamin D levels were measured using
an enzyme immunoassay kit from Im-
munodiagnostic Systems Ltd (Scotts-
dale, AZ). Vitamin D concentrations in
stored sera have been shown to remain
stable for >3 decades.18/ Twenty-eight
samples were also measured by using
isotope-dilution liquid chromatography-
tandem mass spectrometry by RMT
Drug Discovery Technologies (Melbourne,
Australia) according to published me-
thodology.2 A correlation of 25(OH)-
vitamin D concentrations for samples
assayed by both techniques was strong
(P = .87) and confirmed that there
were no molecules (vitamin D metab-
olites or otherwise) in sera of 18-week
pregnant women that interfered with
the immunoassay of 25(0H)-vitamin D.
The assay of 25(0H)-vitamin Dby isotope-
dilution liquid chromatography-tandem

Downloaded from pediatrics.aappublications.org at Montana State University on November 7,2012



mass spectrometry gave concentra-
tions of 25(0H)-vitamin D that were
slightly higher than those measured by
immunoassay (slope 0.95 + 0.07). Over-
estimation of 25(OH)-vitamin D by the
former assay has recently been re-
ported.2lL For these reasons, the 25
(OFI)-vitamin Dlevels inthe serum from
pregnant women have been divided into
guartiles, which because of the strong
correlative value was not influenced by
the assay used for the measure of se-
rum 25(0H)-vitamin D concentration.

Behavioral Development

The Child Behavior Checklist (CBCL), an
empirically validated measure of child
behavior by parent report, was used to
measure child and adolescent behavior.
The CBCLfor Ages 2-3 (CBCL/2-3)2was
used at the 2-year follow-up, and the
CBCL for Ages 4-18 (CBCL/4-18)2Zwas
administered at the 5, 8, 10, 14, and
17-year follow-ups. These measures
contain a list behavioral/emotional pro-
blem items (CBCL/2-3: n =99; CBCL/4-
18 n = 118) that parents rate as not
true (score of 0), somewhat or some-
times true (score of 1), or very or often
true (score of 2) oftheir children. Both
measures are widely used in the re-
search literature and show good in-
ternal reliability and validity in a number
of population settings.23 A clinical cali-
bration with Australian children dem-
onstrated moderately high sensitivity
(83% overall) and specificity (67% over-
all) to aclinical diagnosis, and good test-
retest reliability2d The 3-year predictive
validity of the CBCL/2-3 for CBCL/4-18
outcomes across both genders is r= .49,
indicating moderate predictive power.19

The raw scores produced by the CBCL/
2-3 and CBCL/4-18 were converted
into tscores (standardized by age and
gender) for total, internalizing, and
externalizing behavior. The recom-
mended clinical cutoff score (f >60)
was applied to the CBCL t scores, to
obtain 3 binary variables indicative of
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clinically significanttotal, internalizing,
and externalizing problems.23The term
"clinically significant” refers here to
maladaptive behavior that falls within
a defined clinical range for behavioral
problems.2

Language Development

The Peabody Picture Vocabulary Test—
Revised (PPVT-R)5 was administered
to the children at the 5 and 10-year
follow-ups, providing a widely used
measure of receptive vocabulary. Be-
cause of a lack of Australian norms,
raw scores were converted to Zscores,
which were then used to identify chil-
dren with mild (z score between -1
and -1.5) or moderate-severe (zscore
<1.5) language impairment.2627 The
PPVT-R correlates well with the vocab-
ulary subtests of the Stanford-Binet
Intelligence Scales (r = .72) and the
Wechsler Intelligence Scale for Chil-
dren (r= .69).5

Sample Characteristics

Arange of variables were investigated
to determine whether the participants
in the current study were representa-
tive ofthe broader Raine cohort. These
included sociodemographic factors re-
corded at 18 weeks' pregnancy (ma-
ternal race/ethnicity; maternal age at
conception, maternal education, family
income, presence of biological father in
the family home); antenatal variables
recorded at 34 weeks’ pregnancy (ma-
ternal smoking and alcohol consump-
tion during pregnancy); and obstetric
variables recorded at birth (gestational
age, offspring gender, parity, Apgar
scores 5 minutes after birth).

Statistical Analyses

Because there is currently no standard
definition of optimal levels ofvitamin D5
we divided maternal 25(0H)-vitamin D
concentrations into quartiles, which
is a well-established practice within
the field.591628 The current study was

primarily interested in developmental
problems among offspring, and thus
all outcome variables were examined
categorically, incorporating thresholds
for clinical levels of difficulty on the
CBCL [t >60) and PPVI-R (mild diffi-
culty: z score between -1 and —L15;
moderate-severe difficulty <1.5). X2
linear-by-linear trends were examined
to determine the effect of in utero ex-
posure to increasing levels of maternal
25(0H)-vitamin D. Significant effects
were followed up by using generalized
estimating equations, which enabled
a longitudinal investigation of the in-
fluence of maternal 25(0H)-vitamin D
concentrations on offspring perfor-
mance on that particular scale across
multiple ages. For generalized esti-
mating equations modeling, we adop-
ted a 3-stage procedure: model 1
investigated the effect of maternal 25
(OH)-vitamin D concentration on the
longitudinal outcome variable; model 2
included any confounder in which X2
analyses revealed a main effect on the
independent variable at the conserva-
tive a level of P< ,2029 and model 3
included the same confounders as
model 2 in addition to a variable de-
noting the season in which maternal
blood was collected to determine whether
any effect was specific to maternal 25
(OH)-vitamin D levels rather than other
seasonal factors. For each model, odds
ratios (OR) and 95% confidence inter-
vals (95% Q) are reported. The a level
for all analyses was P < .05. The anal-
yses were conducted separately for
each gender, and highly similar pat-
terns and magnitudes of findings were
observed.

RESULTS

Sample Characteristics

Among the 929 women who had ma-
ternal blood obtained at 18 weeks’
pregnancy and later analyzed for 25
(OFI)-vitamin D levels, 815 (87.7%)
self-identified as Caucasian. The 114
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TABLE 1 Frequency Characteristics of the Sample in the Current Study According to Quartiles of Maternal Serum 25(OH)-Vitamin D Concentration

Obtained at 18 Weeks' Pregnancy

25(0OH)-vitamin D concentration (nmol/L)
n
M (SD)
Range

Covariates

Maternal age at conception, y
<20
20-24
25-29
30-34
>35
Mother completed secondary school
Yes
No
Family income above poverty line
Yes
No
Biological father living in family home
Yes
No
Season in which maternal blood was collected at 18 wk
pregnancy
Summer
Autumn
Winter
Spring
Smoking during pregnancy
None
1-5 cigarettes daily
6-10 cigarettes daily
11-15 cigarettes daily
16-20 cigarettes daily
21+ cigarettes daily
Alcohol intake during pregnancy
None
Once a week or less
2-6 drinks per week
7-10 drinks per week
11+ drinks per week
Offspring gender
Female
Male
Gestational age at birth of offspring
<32 wk
32-37 wk
38-40 wk
>41 wk
Offspring parity
1
£2
Offspring Apgar scores 5 min after birth
Generally normal
Fairly low
Critically low

Pvalues are for between-quartile comparisons.
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723

741

706

724

743

724

724

743

739

724

722

Quartile 1

187
3681 (7.14)
15-46

n®y

12 (66)

49 (26.9)
58 (31.9)
43 (236)
20 (11.0)

67 (36.0)
119 (64.0)

95 (52.5)
86 (47.5)

163 (89.6)
19 (10.4)

9 (48)
22 (11.8)
65 (34.8)
9l (487)

115 (632)
23 (12.6)
17(9.3)
14 (7.7)
10 (55)

3 (16)

99 (54.4)

42 (23.1)

30 (165)
422
7 38)

112 (59.9)
75 (40.1)

422
37 (203)
106 (58.2)
35 (19.2)

101 (55.5)
81 (44.5)

175 (9%6.2)
7(38)
0(0)

Maternal 25(0H) maVitamin D Concentration

Quartile 2

189
5312 (3.89)
47-59

n (%9

13 (95)

0 (22.4)
58 (31.7)
44 (24.0)
27 (14.8)

64 (33.9)
1265 (66.1)

108 (59.7)
73 (403)

163 (88.6)
21 (11.4)

31 (16.4)
40 (21.2)
55 (29.1)
63 (33.3)

131 (71.2)
18 (9.8)
12 (65)
1 (6.0)

9 (49
3 (16)

105 (57.1)

42 (28)

39 (16.3)
2 (L1)
5 (27)

118 (62.4)
71 (37.6)

422
37 (202)
116 (63.4)
26 (14.2)

95 (51.6)
89 (48.4)

174 (95.1)
9 (49
0(0)

Quartile 3

182
65.17 (3.37)
60-71

n (%

21 (11.7)
37 (206)
43 (23.9)
60 (33.3)
19 (106)

67 (36.8)
115 (632)

99 (586)
70 (41.4)

151 (83.9)
29 (16.1)

47 (258)
37 (203)
29 (15.9)
69 (37.9)

127 (706)
16 (89)
13 (72)

9 (50)
9 (50)
6 (33

85 (47.2)

52 (289)

37 (206)
3 (L7)
317

105 (57.7)
77 (423)

317
27 (15.0)
121 (67.2)
29 (16.1)

87 (483)
93 (51.7)

176 (98.3)
3(L7)
0(0)

Quartile 4

185
83.54 (12.08)
72-154

n (9

15 (8.4)

27 (155)

56 (31.5)
60(33.7)

20 (11.2)

69 (37.5)
115 (625

108 (61.7)
67 (38.3)

154 (885)
24 (135)

54 (29.2)
58 (3L4)
29 (15.7)
44 (238)

137 (77.0)
15 (84)
13 (7.9

739
3(L7)
3(17)

85 (47.8)

45 (253)

41 (30)
6 (34)
106)

106 (57.3)
79 (427

2(1.1)
26 (14.7)
110 (62.1)
39 (22,0

68 (382)
110 (61.8)

170 (95.5)
8 (45)
0(0)
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P Value

<.01

PValue

19

<.05

37

.07

<.05



offspring who had a non-Caucasian
mother and another 2 Caucasian off-
spring with Down syndrome were ex-
cluded from the study. Seventy of the
remaining 813 offspring did not con-
tribute any behavioral data, which left
743 offspring who were investigated in
the current study.

Participants in the current study were
representative of the wider Raine co-
hort interms of sociodemographic and
obstetric characteristics (P > .05),
except that female offspring were
proportionately overrepresented inthe
current study (current study: 59.4%;
remainder of Raine cohort: 43.9%; X 2=
49.72, P < .01). See Supplemental Table
4 for additional details.

Table 1 presents the sample charac-
teristics of the mother-offspring pairs
within each 25(0H)-vitamin D concen-
tration quartile. The quartile markers
were <46 nmol/L, 47-59 nmol/L, 60-71
nmol/L, and >72 nmol/L for quartiles 1
to 4, respectively. The quartile markers
were similar to those reported in other
Western countries.32 Importantly, the
lower quartile threshold (<46 nmol/L)
corresponded well with the most
widely used definition of vitamin D in-
sufficiency as a 25(0OH)-vitamin D con-
centration <50 nmol/L.5

There was an effect of season of maternal
blood collection on 25(0H)-vitamin D
quartiles (P < .01), in which women in
quartiles 1 and 2 were more likely to
have had blood samples obtained
during the winter and spring months.
Women in quartile 1 were also more
likely to have smoked cigarettes during
pregnancy and less likely to have given
birth previously.

Bivariate Analyses

There were no significant linear-by-
linear associations in the proportion
of children scoring above the clinical
cutoff for CBCL morbidity (see Table 2).
In contrast, there was a significant
linear-by-linear association between
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TABLE 2 Number (%) of Children Exceeding the CBCL Clinical Thresholds (f score >60) at Each
Follow-Up According to Quartiles of Maternal Serum 25(0H)-Vitamin D Concentration at

18 Weeks' Pregnancy

Maternal 25(0H)-Vitamin D Concentration

Quartile 1a Quartile 2b
(Lowest)

CBCL year 2

Total 16 (10.7) 23 (15.1)

Internalizing 13 87) 12 (7.9)

Externalizing 18 (12.8) 28 (184)
CBCL year 5

Total 33 (19.8) 33 (21.0)

Internalizing 21 (12.6) 26 (16.6)

Externalizing 27 (16.2) 32 (204)
CBCLyear 8

Total 36 (23.1) 32 (211)

Internalizing 34 (21.8) 36 (23.7)

Externalizing 35 (22.4) 27 (17.8)
CBCLyear 10

Total 25 (16.3) 29 (184)

Internalizing 26 (17.0) 31 (19.6)

Externalizing 24 (15.7) 21 (133
CBCLyear 14

Total 22 (162 21 (151)

Internalizing 17 (12.5) 17 (125)

Externalizing 23 (16.9) 22 (15.8)
CBCLyear 17

Total 9 (88) 10 (9.7)

Internalizing 12 (11.8) 1 (10.7)

Externalizing 13 (12.7) 14 (13.6)

Pvalues are for )Qlinear»by-linear association tests.

P

Quartile 3° Quartile 4d

(Highest)

14 (9.9) 12 (81 .26
14 (9.9) n (7.4) 85
19 (135) 20 (13.4) .96
36 (22.2) 37 (22.3) 54
28 (17.3) 29 (17.5) 2
32 (19.8) 34 (20.5) .36
32 (20.3) 30 (19.1) 85
37 (23.4) 27 (13.2) A
28 (17.7) 28 (17.8) R
22 (14.9) 21 (135) 35
31 (20.9) 23 (14.7) .68
19 (12.8) 18 (11.5) 29
17 (12.7) 17 (12.6) 33
18 (13.9) 17 (12.6) a
22 (16.4) 15 (11.1) 2
9 (84) 5 (5.0) 29
8 (7.5) 9 (9.0 74
12(11.2) 6 (6.0) 3L

m age 2 =150, age 5 =167, age 8 =156, age 10 =153, age 14 - 136, age 17 = 102.
bAtage 2 = 152, age 5 - 157, age 8-152; age 10 = 158, age 14 - 139, age 17 - 103.
cAtage 2- 141, age 5- 162, age 8 =158, age 10 = 148, age 14 = 134, age 17 = 107.
" Atage 2 = 149, age 5 = 166, age 8 =157, age 10 = 156, age 14 = 135, age 17 = 100.

vitamin 0 quartiles and the proportion
of offspring with language difficulties
at age 5,X2=5.27, df= 1, P< .05, and
age 10,*2=5.64, df=1,P< .05. Figure 1
shows that as maternal 25(0H)-vitamin
D levels during pregnancy increased
the proportion of mothers who had
offspring with mild or moderate-severe
language difficulties decreased.

Multivariate Analyses

Table 3 presents the findings from the
multivariate analyses. Offspring of
quartile 2women were more than twice
as likely to be categorized in a more
severe language impairment category
(ie, "typical" to mild impairment or
mild impairment to moderate/severe
impairment) relative to offspring of
quartile 4 women (model 1), OR= 2.04,
95% d = 1.14to 3.68, P < .05. Model 2,
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which adjusted for maternal age at
conception, family income, maternal
smoking during pregnancy, and off-
spring parity (Table 1for Pvalues <
.20), identified a slightly weakened but
still significant effect of “low" maternal
25(0H)-vitamin D levels (ie, quartile 1)
on offspring language impairment, CR
=192 95% d = 101 to 362, P< .05
This effect remained after additional
adjustment for season of maternal
blood collection (model 3), OR = 1.97,
95% d = 1.00to 3.92, P< .05

A final, post hoc analysis found that,
within quartile 1, there were no sig-
nificant correlations between the
continuous measures of maternal 25
(OH)-vitamin Dconcentration and PPVT-
Rzscores at5 (/2= 130, r= - .03, P=.78)
or 10years (N= 121, r= —01, P=.99)
of age.



Quartile 1
(15-46 nmol/L)

Quartile 2
(47-59 nmol/L)

s mild

* moderate

Sever*,

Quartile 4
(72-154 nmol/L)

Quartile 3
(60-71 nmol/L)

Maternal 25(0OH)-vitaminD concentration during pregnancy

FIGURE 1

The proportion of offspring with mild or moderate-severe language impairment at5 (Y5)aand 10years
(Y10)b of age according to maternal serum 25(0H)-vitamin D levels at 18 weeks' pregnancy.

3 Quartile 1, n= 130; quartile 2, n= 136; quartile 3, n= 136; quartile 4, n= 132.

b Quartile 1, n = 121; quartile 2, n = 121; quartile 3, n= 119; quartile 4,n - 113.

TABLE 3 Generalized Estimating Equations (GEE) Models Showing the Association Between
Maternal 25(0H)-Vitamin D Concentration at 18 Weeks' Pregnancy and Offspring

Language Impairment During Childhood

Maternal 25(0H)-Vitamin Model 1a
D Concentration
OR (95% Cl) P
Quartile 4 (highest) 1.00 (reference) —
Quartile 3 1.47 (0.80-2.70) 21
Quartile 2 1.28 (0.68-2.40) .45

Quartile 1 (lowest) 2.04 (1.14-3.68) <.05

‘ Unadjusted model.

Model 2b Model 3C
OR (95% Cl) P OR (95%Cl) P
1.00 (reference) — 1.00 (reference) —
143 (0.75-2.73) 29 144 (0.74-2.80) 28
1.33 (0.70-2.54) 39 135 (0.71-2.57) 36

192 (1.01-3.62) <05 197 (1.00-3.93) <.05

b GEE adjusted for maternal age at conception, family income, maternal smoking during pregnancy, and offspring parity.
adjusted for same confounders as for Model 2, as well as the season of maternal blood collection.

DISCUSSION

This study reports the largest inves-
tigation to date of the association be-
tween maternal 25 (OH)-vitamin Dstatus
during pregnancy and offspring neu-
rocognitive development. There was
no statistically significant association
between maternal 25(0H)-vitamin 0
concentrations during pregnancy and
offspring behavioral and emotional
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difficulties as measured by the CBCL
This finding replicatesthe only previous
investigation in this area,9 which re-
vealed no effect of maternal 25(0H)-
vitamin D levels on offspring behavior
to middle childhood, and extends this
null association to adolescence. How-
ever, significant linear associations
were observed with language impair-
ment at 5 and 10 years of age. The risk

of women with serum 25(0H)-vitamin D
insufficiency (<46 nmol/L) during preg-
nancy having a child with clinically
significant language difficulties was
increased close to twofold compared
with women with 25(0H)-vitamin D lev-
els >70 nmol/L, even after taking into
account a range of confounding varia-
bles. Importantly, the statistically sig-
nificant effect was still present after
adjusting for the season at which ma-
ternal blood was collected, indicating
that the association was primarily driven
by maternal 25(0H)-vitamin D levels,
rather than other seasonal factors.

The developing fetus is completely re-
liant on maternal vitamin D stores, and
thus the concentration of maternal
circulating levels at 18 weeks' preg-
nancy provides an accurate measure of
fetal exposure during the second tri-
mester.3* |nvitro3339 and in vivo7404L
studies have found that vitamin D per-
forms a number of biological functions
that are fundamental to neurodeve-
lopment, including a signaling role in
neuronal differentiation, a regulation
role inthe metabolism ofneurotrophic
factors and neurotoxins, and a pro-
tective role during brain inflammation.
Vitamin D may also be indirectly in-
volved in fetal brain growth through its
role in a number of endocrine func-
tions.6 Reduced levels of vitamin D may
disrupt 1 or more of these functions
during critical phases of neurodeve-
lopment. Intriguingly, the current study
found evidence for athreshold effect, in
that offspring of quartile 1 women
were the only group of children at
significantly increased risk of language
impairment, and within quartile 1,
there was no correlation between the
continuous 25(0H)-vitamin Dand PPVT-
Rvariables. Similar findings have been
reported by cross-sectional studies for
a range of health outcomes in post-
natal life, including bone density, den-
tal health, and colorectal cancers,£2
and together these findings suggest
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that a circulating 25(0H)-vitamin D con-
centration of <50 nmol/L may provide
avalid outpointto identity vitamin D in-
sufficiency.

The significant association with lan-
guage ability observed inthe current
investigation contrasts with the study
by Gale and colleagues,9 which found
no effect of maternal vitamin D con-
centrations on verbal 1Q measured by
the Wechsler Abbreviated Scale of In-
telligence. One possible explanation
for this discrepancy is that the cur-
rent sample (orange:412-652 mother-
offspring pairs) was considerably
larger than that investigated by Gale
et al (178 mother-offspring pairs) and
thus provided greater statistical power
to identify significant effects. A second
possibility relates to the timing of ma-
ternal serum sampling, which occurred
during the 18th week of pregnancy in
the current study but' over a later and
broader period in the study by Gale
et al (median; 32.6 weeks; range: 28-42
weeks). Vitamin D serum concentra-
tions are known to fluctuate according
to sunlight exposure and, to a lesser
extent, diet.454 Perisylvian structures
that subserve much of the neural ar-
chitecture responsible for language%
and are anomalous in children with
developmental language difficulties,4647
including the planum temporal, the
pars triangularis and the inferior
frontal gyrus, are known to develop
during the second and third prenatal
trimesters.48 Although the sampling
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(n = 412) of the original 743 partic-
ipants eligible for the current study. It
is possible that a reduction in the
number of participants with age may
have influenced the current pattern of
findings. Importantly, however, the
majority of eligible participants con-
tributed CBCL (82.8%) and PPVT
(63.8%) data at age 10, and there is

3. Camargo CA Jr. Rifas-Shiman SL, Litonjua
AA, et al. Maternal intake of vitamin O
during pregnancy and risk of recurrent
wheeze in children at 3y of age. Am J Clin
Nutr. 2007;85(3):788—795

4. Staples J, Ponsonby A-L, Lim L Low ma-
ternal exposure to ultraviolet radiation in
pregnancy, month of birth, and risk of
multiple sclerosis in offspring: longitudinal
analysis. BMJ. 2010;340:c1640

evidence that both behavioral49% and
language51R ability in the general pop-
ulation is relatively stable from middle
childhood onward. It is also important
to highlight that our study included
Caucasian participants only, and we
caution against extrapolating the
findings to non-Caucasian populations.
Future studies that investigate large
non-Caucasian populations will build
on the findings presented here.

CONCLUSIONS

This study found that vitamin D in-
sufficiency among Caucasian women
during pregnancy was associated with
an increased rate of language impair-
ment among offspring. The findings
suggest that the trend over the past
decade of areduction invitamin Dlevels
among women of reproductive agell- 4
has significant implications for off-
spring neurodevelopment and public
health more generally. Randomized
controlled trials of vitamin D supple-
mentation are required to verify these
observational data that suggestthat an
adequate maternal vitamin D status
during pregnancy is necessary for op-
timal language development in off-
spring.
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FAIR FARES: | have a lot offlights scheduled during the next several months. Not
only will I be flying to cities along the Atlantic seaboard but to cities in Europe and
Asia as well. Trying to determine the best fare is quite challenging. | fly to Phil-
adelphia often enough to know the "sweet spot" for getting the best deal. How-
ever, | am not so familiar with the flights to the west coast or Italy. Scrolling
through the scores oftravel sites only contributes to my confusion. Some quote
a fare and will allow me to book a flight directly on their website. Others quote
fares but re-direct me to another website to purchase tickets. Some airlines are
not listed on the travel sites, so to check on routes and fares | need to go directly
to that airline's homepage. More confusing yet is comparing the fares between
travel sites, which take different approaches to posting fares. Some postthe final
cost while others only the baseline fare. The final cost, e.g. including fuel sur-
charges and landing fees, is not discovered until later stages of the search
process. Most sites do not add their own fees to the final cost of the ticket until
late in the purchase process. What appears at first glance to be the cheapest
ticket, may wind up costing far more than expected. According to an article in The
Wall Street Journal (The Middle Seat: January 12, 2011), there are a myriad of
reasons for the confusion. First, airlines publish fares for every conceivable route
and connection. So a travel site looking for a flight between Burlington and
Philadelphia can route me through Detroit and Chicago. In a further wrinkle,
some sites won't publish fares for routes if it seems unlikely than anyone would
actually purchase a ticket for that itinerary. For example, | can usually get
a cheaper flight than | would normally take to Philadelphia but | would have to
make three stops. Some travel sites publish this itinerary while others do not. So
what s the bottom line for travelers? Scan multiple sites. No single site offers the
best fares all the time. And as always, if the price is too good to be true, it usually
is.

Noted by WWR, MD
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WHAT'S KNOWN on THIS SUBJECT: Adequate vitamin D status in
mothers during pregnancy may influence the health status of
offspring later in life. Growing evidence based on animal studies
is linking vitamin D to brain development and functioning, but
studies in humans are lacking.

WHAT THIS STUDY ADDS: This large-scale prospective pregnancy cohort
study examines the association between maternal circulating
25-hydroxyvitarpin D3 concentrations in pregnancy and offspring
neuropsychological development. Higher circulating concentration of
25-hydroxyvitamin D3 in pregnancy was associated with improved
mental and psychomotor development in infants.

OBJECTIVE: To investigate whether circulating 25-hydroxyvitamin D3
[25]QH)D3] concentration in pregnancy is associated with neuropsy-
chological development in infants.

METHODS: The Spanish population-based cohort study INfancia y Medio
Ambiente Project recruited pregnant women during the first trimester
of pregnancy between November 2005 and February 2008. Completed
data on 1820 mother-infant pairs were used. Maternal plasma 25(0H)D3
concentration was measured by high-performance liquid chromatography
in pregnancy (mean 13.5+2.1 weeks of gestation). Offspring mental and
psychomotor scores were assessed by trained psychologists, at age 14
months (range, 11-25) by using the Bayley Scales of Infant Development.
~mCoefficients with 95% confidence intervals (Cls) of mental and psychomotor
scores associated with continuous or categorical concentrations of maternal
plasma 25(0H)D3 were calculated by using linear regression analysis.

RESULTS: The median plasma value of 25(0H)D3 in pregnancy was 29.6
ng/mL (interquartile range, 21.8-57.3). A positive linear relationship
was found between circulating concentrations of maternal 25(0H)D3
concentrations in pregnancy and mental and psychomotor scores in
the offspring. After adjustment for potential confounders, infants of
mothers with 25(0H)D3 concentrations in pregnancy >30 ng/mL
showed higher mental score /3 = 2.60; 95% Cl 0.63-4.56) and higher
psychomotor score (/3 = 2.32; 95% Cl 0.36-4.28) in comparison with
those of mothers with 25(0H)D3 concentrations <20 ng/mL.

CONCLUSIONS: Higher circulating concentration of maternal 25(0H)D3
in pregnancy was associated with improved mental and psychomotor
development in infants. Pediatrics 2012;130:e913—e920

e913
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Vitamin D deficiency is a public health
issue worldwide.1 Growing evidence
based on animal studies is linking,
vitamin D to brain development and
functioning.23 Potential effects of vita-
min Dduring brain developmentinclude
neurotrophic actions,4 neuroprotective
effects,56 and changes in brain struc-
ture and gene expression.78 It is un-
known how evidence from animal
studies translates to humans, but it is
possible that vitamin D status during
brain development affects cognitive
functioning later in life.

Studies in humans examining the ef-
fects of blood concentrations of 25-
hydroxyvitamin D3 [25(0OH)D3] on brain
development and cognitive functioning
are limited and inconclusive. Several
studies in middle-aged and older adults
have shown positive associations be-
tween serum concentrations of 25(0H)
D3 and cognitive function.9 18

Epidemiological studies examining
whether circulating concentration of 25
(OH)D3 in early life is associated with
brain development and cognitive func-
tion are scarce. To date, only 2 pro-
spective studies have assessed the
association of vitamin D status in preg-
nancy, measured as circulating con-
centrations, with cognitive function in
offspring.1920 Gale et al19 found no as-
sociation between maternal serum 25
(OH)D3 concentrations during late preg-
nancy (32 weeks) and childhood cogni-
tive function at 9 years of age in 178
mother-child pairs. More recently, a
prospective study conducted on 743
mother-child pairs reported
cient maternal serum 25(0H)D3 con-

insuffi-

centrations, measured at 18 weeks
pregnancy, to be significantly associ-
ated with offspring language impair-
ment at 5 and 10 years of age.2
Moreover, a larger cross-sectional study
{N = 1676) reported null associations of
circulating vitamin D concentrations with
cognitive function in adolescents (age
12-17 years). 22
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Given the emerging evidence on devel-
opmental origins of health and disease
paradigm,23 examining the association
between vitamin D status in pregnancy
and neuropsychological development in
early life can be particularly relevant,
because windows of unique vulnerabil-
ity and susceptibility to prenatal influ-
ences are inherent in the developing
brain more than in the brain of an
adult,24and consequences ofa halted or
inhibited developmental process can be
permanent owing to little potential for
later, repair. We assessed whether cir-
culating maternal 25(0H)D3 concentra-
tion in pregnancy, a good marker of
vitamin D availability to tissues and re-
liable indicator of vitamin D status,2 is
associated with offspring neuropsy-
chologicaLdevelopment in infancy.

METHODS
Design and Study Population

Data come from 4 prospective population-
based pregnant cohort studies in Spain
embedded in the INfancia y Medio
Ambiente-(Environmentand Childhood)
Project (www.proyectoinma.org)2 In
brief,
February 2008, a total of 2644 women
who fulfilled the
(>16 years of age, intention to deliver

between November 2003 and

inclusion criteria

at the reference hospital, no problems
of communication, singleton pregnancy,
and no assisted conception) were re-
cruited during the first prenatal visit in
4 areas of study: Valencia (39°N latitude,
n = 855), Sabadell (41°N latitude, n =
657), Gipuzkoa (42°N latitude, n = 638),
and Asturias (43°N latitude, n = 494).
Overall, 2505 (97%) women were fol-
lowed until child’s birth. Circulating
25(0H)D3 concentrations in pregnancy
were determined in 2389 women, and,
among them,
sessment was performed in 2112 (89%

neuropsychological as-

of eligible) infants. Exclusion criteria
were birth at <37 weeks of gestation
(n=82), unknown gestational age (n=
16), underlying pathology (n = 17),

poor-quality neuropsychological assess-
ment [n=124), and missing information
on potential covariates (n = 53). Ulti-
mately, .1820 (86% of eligible) mother-
infant pairs were analyzed (Fig 1). The
study was. approved by the ethical
committees of the centers involved in
the study, and written informed consent
was obtained from the parents of all
children.

Assessment of Maternal
Circulating 25(0H)D3
Concentrations

A single maternal blood specimen was
drawn during pregnancy (mean, 13.5 +
2.1 weeks of gestation). Most blood
draws (88%) were done during the
second trimester of pregnancy (from
12to 23 weeks of gestation), with 11.6%
during the first trimester « 12 weeks
of gestation), and <1% late in pregnancy
(from '24 to 36 weeks of gestation).
Samples were processed immediately
and stored from -70 to —80°C until
analysis. Maternal plasma concentra-
tions of 25(0H)D3 were quantified by
high-performance liquid chromatog-
raphy method by using a BioRAD kit
according to Clinical and Laboratory
Standard Institute protocols.27 Detection
limit was 5 ng/mL, and interassay coef-
ficient of variation was 4.5%. The assay
was validated by German Programmes
of External Evaluation of Quality (DGKL-
RFB-Referencezinstutuk fur Bionalytik),
and results were satisfactory in 100% of
the cases.

Assessment of Infant
Neuropsychological Development

Neuropsychological development was
assessed at age 14 months (range, 11-
23 months) by using the Bayley Scales

.of Infant Development that assess age-

appropriate mental (163 items) andv

.psychomotor (81 items) development.28

All testing was done by specially trained
psychologists. Interobserver differences
were quantified, and 3 sets of quality
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AGURE 1

Flowchart of study population.

controls were undertaken. The inter-
rater reliability, estimated by intraclass
correlation, was 0.90 for mental scale
and 0.96 for psychomotor scale. Fur-
thermore, internal consistency de-
termined by the Cronbach a-coefficient
was 0.70 for mental scale and 0.73 for
psychomotor scale. Raw scores were
standardized for child’s age in days at
testing by using a parametric method
for the estimation of age-specific refer-
ence intervals.29 Normal distribution
was adopted as starting point for
model building. The parameters ofthe
distribution (M and S curves, for the
mean and SD, respectively) were mod-
eled as a fractional polynomial (FP)
function of age. FP models for the M and
S curves were found by grid search of
the powers in P by using Generalized
Least Squares. The powers were se-
lected from a small predefined set P=
{-3, -2, -1 -1/2,0 (log), 1/2, 1,2,3}
allowing up to FP with degree 3. Once

PEDIATRICS Volume 130, Number 4, October 2012

the best powers in FP models have been
chosen, the regression coefficients were
estimated by maximum likelihood. Re-
siduals were then standardized to a
mean of 100 points with a SD of 15
points to homogenize the scales.

Potential Confounders

Based on previous knowledge, the fol-
lowing were considered a priori po-
tential confounding factors because of
their possible associations with mater-
nal circulating 25(0H)D3 concentration
and neuropsychological test scores:
child’s gender, birth weight, maternal
age, parity, maternal country of origin,
parental social class, maternal educa-
tion level, maternal pre-pregnancy BMI,
and maternal smoking and alcohol
consumption during pregnancy. Ques-
tionnaires during the first trimester of
pregnancy obtained information about
parity (O vs 1or more), maternal age,
maternal country of birth (Spanish

versus foreign), parental social class
(defined as maternal or paternal oc-
cupation during pregnancy based on
the highest social class by using a
widely used Spanish adaptation of the
international ISC088 coding system)
(IHI, managers/technicians; Ill, skilled;
V=V, semiskilled/unskilled), maternal
education level (primary or less, sec-
ondary, university degree), and ma-
ternal pre-pregnancy BMI based on
measured height at recruitment and
pre-pregnancy self-reported weight
(normal weight/underweight [<24.99],
overweight [25-29.99], obese [>30]).
Information on maternal smoking (no
versus yes) and alcohol consumption
during pregnancy (no versus yes, defined
as consumption of alcohol beverages
at least 1 time/month) was collected
through questionnaires during the third
trimester. All questionnaires were ad-
ministered face-to-face by trained inter-
viewers: Information related to child’s
gender, birth weight, and gestational
age was obtained from clinical records.

Statistical Analysis

Maternal circulating 25(0H)D3 concen-
trations were normally distributed.
Clinically defined 25(0H)D3 cut points
were used: <20 ng/mL (reference
group), 20 to 30 ng/mL, and >30 ng/
mL30 Differences in baseline character-
istics of participants across categories
of maternal 25(0H)D3 concentrations
were compared by using X 2tests for
categorical variables, analysis of vari-
ance for continuous variables with
normal distribution, and Kruskal-Wallis
tests for variables with skewed dis-
tributions. To adjust for month at blood
collection, 2 approaches were used. In
the first approach, we used "deseason-
alization” of 25(0H)D 3 concentrations. In
this approach seasonality of 25(0H)D3
was tested by fitting the data to a sine
function with a period of 12 months
in a nonlinear regression cosinor
model.3l Then, the predicted 25(0H)D3
concentrations based on- month at

e915
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blood collection for each subject, de-
rived from the sinusoidal model, were
subtracted from the actual observed
value. Subsequently, the overall mean
was added and the resulting desea-
sonalized 25(0H)D3 concentrations
were analyzed. Inthe second approach,
we used raw 25(0H)D3 concentrations
for the regression analysis in which we
adjusted for month at blood collection."
The results ofthese 2 approaches were
essentially the same. Thus, the results
using deseasonalized 25(0H)D3 con-
centrations are presented in the main
article, and the results using raw 25
(OH)D3 concentrations and adjusting
for month are presented in the supple-
mental material (Supplemental Table 3).
Linear dose-response relationship be-
tween maternal 25 (0H)D3 concentrations
during pregnancy and infant neuro-
psychological development scores was
assessed by using adjusted general-
ized additive models by graphical ex-
likelihood ratio.32 To
examine the relationship between in-

amination and

fant neuropsychological development
and maternal 25(0H)D3 concentrations,
we used multivariable linear regression
models. We treated circulating concen-
trations of 25(0H)D3 as continuous (ef-
fect per 10 ng/mL) and clinically defined
categories. Analyses were first adjusted
for area of study (base model). Next, a
fully adjusted model included child’s
gender, birth weight, maternal country
of origin, maternal age, parental social
class, maternal education level, parity,
maternal pre-pregnancy BMI, and ma-
ternal smoking and alcohol consump-
tion in pregnancy. There was no evidence
that the associations of maternal 25
(0H)D3 concentrations with infant's neu-
ropsychological scores differed between
genders (all P values for interaction
>0.2), and all results are presented for
both genders combined. To preclude
potential residual confounding, we as-
sessed whether the associations were
consistent across strata defined by
maternal pre-pregnancy BMI, parental
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social class, and maternal education
level. Analyses were conducted by using
Stata software, version 11.1 (StataCorp,
College Station, TX) and R statistical

package version 2.13.0.

RESULTS

The study population included 49.7%
male children and 58% firstborn. Ninety-
two percent of mothers were born in
Spain, and maternal mean age at child
birth was 31.9 (4.2) years. Twenty-two
percent of mothers had a low educa-
tional level (primary or less) and 33%
were from high social class. Twenty-six
percent of women were overweight/
obese before pregnancy. Sixteen per-
centofwomen reported tobacco smoking
and 19.6% alcohol consumption during
pregnancy. Compared with excluded
participants, those who were included
in the present analysis showed higher
birth weight, had higher social class,
and mothers tended to smoke less

other main baseline characteristics

(Supplemental Table 4).

The median plasma value of25(0H)D3in
pregnancy was 29.6 ng/mL (inter-
quartile range, 21.8-37.3). Atotal of 356

N4 (19.5%) pregnantwomen had vitamin D

‘deficiency [25(0H)D3 concentration
<20 ng/mL], and 574 (31.5%) had vi-
"tamin D iniufficiency~[25(0H)D3 concen
tration 20-30 ng/mL], The characteristics
of participants according to clinically
defined cutoff points of circulating 25
(OH)D3 concentrations during pregnancy
are shown in Table 1. Concentrations of
circulating 25(0H)D3 in pregnancy dif-
fered among areas of study, with
Valencia area showing the highest
concentrations and Asturias the lowest
concentrations. Increasingtrends across
the clinically defined 25(0H)D3 categories
were observed for maternal age, parity,
and maternal alcohol consumption. De-
creasing trends across the categories of
25(0H)D3 were found for lower paren-

during pregnancy, but did not differ in tal social class and education level,
TABLE 1 characteristics of Participants According to Maternal Circulating 25(0H)D3
Concentrations in Pregnancy
Serum 25<0H)D3 Concentration P Value
<20 ng/ml 20-30 ng/mL >30 ng/mL Trend
(n = 356) in = 574) (n=890)

Areaofstudy T
Valencia (39°N latitude) 02 296 37.2 <001
Sabadell (41°N latitude) 30.3 232 26.4
Gipuzkoa (42°N latitude) 247 272 234
Asturias (43°N latitude) 24.7 0 130

Child's gender (male) 511 50.2 48.8 722

Birth weight, g 3300 (435) 3283 (419) 3302 (419) .685

Maternal age at child's birth, y 315 (4.5) 316 (41) 322 (4.0 .004

Parity (1 or more) 36.8 416 443 053

Maternal country of birth (non-Spanish) 68 74 460

Parental social class
I/l Managers/technicians 28.4 30.7 36.0 .037
Il Skilled manual/nonmanual 26.1 275 265
IVIV Semiskilled/unskilled 455 418 375

Maternal education level
Primary or less 239 21 223 273
Secondary 435 436 394
University degree 326 343 383

Maternal pre-pregnancy BMI
Normal weight/underweight {<24.99) 68.3 74.0 75.6 .086
Overweight (25-29.99) 225 19.0 16.6
Obese (£30) 7.0 78

Smoking at third trimester (yes) 02 164 139 [0/

Alcohol during pregnancy (yes) 18.0 164 2.4 .013

\Aes e preertacgs for il itk arcineen () for i aries
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among smokers and

mothers.

overweight

Maternal plasma concentrations of 25
(OH)D3 showed a seasonal distribution
(P < .05, Fig 2). Maximum fitted con-
centrations of maternal plasma 25(0H)
D3 were observed in blood samples
collected in August, and concentrations
reached their nadir in February (Fig 2).

A positive linear relationship was found
between circulating concentrations of
maternal 25(0H)D3 in pregnancy and
both mental (Fig 3A) and psychomotor
(Fig 3B)
offspring. In multivariable models, each
10 ng/mL increase in 25(0H)D3 in preg-
nancy resulted in up to 0.79 and 0.88
points increase in mental and psycho-

development scores in the

motor development scores in offspring,
respectively (Table 2). Inthe basic model
with adjustment for area of study, in-
fants of mothers with 25(0H)D3 con-
centrations >30 ng/mL showed an
advantage of 3.17 and 2.42 points in the
mental and psychomotor scores, re-
spectively, in comparison with those of
mothers with 25(0H)D3 concentrations
<20 ng/mL (model 1) (Table 2). Although
attenuated, these associations remained
significant after adjustment for potential
confounders including child's gender,
birth weight, maternal country of ori-
gin, maternal age, parental socioeco-
nomic status, maternal education level,
parity, maternal pre-pregnancy BMI, and

FIGURE 2

maternal smoking and alcohol consump-
tion in pregnancy (model 2) (Table 2).

In addition, the associations did not
differ according to maternal pre-
pregnancy BMI, maternal social class
or education level (all P values for
interactions >0.1).

DiISCUSSION

To our knowledge this is one ofthe first
large-scale prospective pregnancy co-
hort studies to examine the association
between maternal circulating 25(0H)D3
concentrations in pregnancy and oft-’
spring neuropsychological development
in infancy. Higher concentrations of cir-
culating 25(0H)D3 in pregnancy were as-
sociated with
psychomotor scores. Infants of mothers
with 25(0H)D3 concentrations >30 ng/mL,
fclinically considered as optimal lev-
els) showed an advantage of 2.6 and 2.3,
points in mental and psychomotor

improved mental and

scores, respectively, in comparison
with those of mothers with 25(0H)D3
concentrations <20 ng/mL (considered
levels). The association
remained significant after adjusting for
a wide range of potential confounding

as deficient

and intermediate factors.

The main strengths ofthis study include
its population-based prospective de-
sign and large sample size as well as
examination of the associations with

N

Fitted sinusoidal model for observed maternal circulating concentration of 25(0H)D3 superimposed on
plot of observed monthly mean and 95% Cl values for 25(0H)D3 concentration among 2112 participants

in the INMA Project.

PEDIATRICS Volume 130, Number 4, October 2012

plasma measurements of 25(0H)D3 con-
centration, a reliable indicator of vitamin
D status that also quantifies the outdoor
exposure, rather than dietary reports
that are likely to be influenced by re-
porting bias. Possible confounding was
addressed in multivariable analyses
adjusted for a wide range of potential
confounding factors. Finally, we found
a strong positive linear relationship at
lower concentrations of maternal cir-
culating 25(0H)D3 (below 50-60 ng/
mL), which supports the robustness
of the findings; however, the general-
ization ofthis assumption at higher con-
centrations is limited owing to the small
number of observations (ie, "sparse data
bias”).

The study has some limitations. First,
only a single 25(0H)D3 measurement
per subjectwas available that could not
reflect maternal long-term status dur-
ing the entire pregnancy. Dealing with
misclassification of estimated long-
term vitamin D exposure by season
of blood draw was accounted estimat-
ing deseasonalized 25(0H)D3 concentra-
tions based on a sinusoidal model.
Second, we did not assess the effect of
circulating 25(0H)D2 concentrations,
but, normally, majority ofthe 25(0H)D is
in D3form. Third, the lack of information
of infant's vitamin D status is another
limitation. Fourth, we could not mea-
sure 25(0H)D3 concentrations in all
recruited subjects, which made selec-
tion bias possible. Participants were
more likelyto be female and parents had
higher social class and education level;
however, there was no evidence that the
association between circulating mater-
nal 25(0H)D3 concentrations in preg-
nancy and infant's neuropsychological
scores differed between genders, pa-
rental social class, or maternal edu-
cation level. Fifth, parental intelligence,
an important determinant of infant
mental development, was not evaluated.
However, parental education level and
social class did not confound or modify
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Downloaded from pediatrics.aappublications.org at Our Lady O f Lourdes Hosp on November 15, 2012



Maternal 25(OH)D3ng/mL)

FIGURE 3

The relation (and 95% Cl) of maternal circulating concentration of25(0H) D3in pregnancy* (ng/rnL')'with
mental (A) and psychomotor (& developmental scores in infants.’ Deseasonalized maternal 25.(0HD.)Dj
concentrations based on month at blood collection for each subject derived from the sinusoidal model.
General additive models adjusted for area of study, child's gender/birth weight, maternal country of
origin, maternal age, parental social class, maternal education level, parity, maternal pre-pregnancy
BMI, and maternal smoking and alcohol consumption in pregnancy. The symbols (+) on the x axis
indicate 25(0HD)D3 observations.

TABLE 2 Association Between Maternal Circulating 25(0H)D3 Concentrations3in Pregnancy and
Neuropsychological Scores in Infants (n = 1820)

Model 16 Model 2C
P (95% Q) P (95% Q)
Mental development score
Continuous variable (per 10 ng/mL) 0.99 (0.33to 165 0.79 (0.14to 1.45)
Categories (ng/mL)
Ref. Ref.
20-30 214 (0.08 to 4.19) 189 (-0.14 to 3.91)
>30 317 (1190 5.16) 2.60 (0.63 to 4.56)
Psychomotor development score
Continuous variable (per 10 ng/mL) 0.94 (0.29to 160 08 (0.22to 1.54)
Categories (ng/ml)
Ref. Ref.
20-30 0.80 (-1.21 to 2:83) 0% (—116t0 283
>30 242 (0.47 to 4.37) 232 (0.36t0 4.28)
Dz (-] arwteios trionwha o et dhafiorte.
bAj e for asmd
cmﬂajhaeacf mmgm bmvvag‘tamnaggydam natard ;ga et sood das
naterd el etin CIRNMANNOEyay.

the associations, buttheir inclusion in
the model cannot completely elim-
inate possible residual confounding by

parental intelligence. Finally, we did not
account for maternal physical activity
and outdoor exposures (indicators of
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maternal fitness), which may result in
some residual cofounding.

Two previous prospective studies have
assessed the effect of maternal serum
25(0OH)D3 concentrations in pregnancy
on offspring neurodevelopment.1920
The first study based on 178 mother-
child pairs reported no association
between circulating maternal 25(0H)D3
concentrations, measured at 32 weeks
of pregnancy, and offspring cognition
performance atage 9 years.19However,
in accordance with our results White-
house et al20 have recently reported
insufficient maternal serum 25(OH)D3
concentrations, measured at 18 weeks
pregnancy, to be associated with off-
spring language impairment at 5 and
10 years of age in a prospective study
on 743 mother-child pairs. Lack of
power in the Gale et all9 study and
differences in timing measurements
(exposure and outcome) could explain
controversial results between studies.
of 25(0H)D3 concen-
trations in Gale et al’9 study was per-
formed in late pregnancy (median 32

Measurement

weeks), whereas Whitehouse et al study
and the current study determined 25
(OH)D3 concentrations earlier in preg-
nancy (mean, 18 and 13 weeks of ges-
tation, respectively). Our results suggest
that optimal concentrations of circu-
lating 25(0H)D3 as early as 13 weeks of
gestation may have an impact on neu-
ropsychological development in infancy,
and vulnerability ofthe developing brain
to vitamin D deficiency may be man-
ifested early in pregnancy. The similarity
in the effect magnitude of vitamin D
deficiency in pregnancy on mental and
psychomotor skills points out. that dif-
ferent brain areas are affected and
strengthen the idea that effects may
occur during early development when:J
brain structures begm to form and are
thus vulnerable to damaging influen-
ces.24 Furthermore, deficiencies in neu-
romotor development are associated with
processes occurring early in fetal life.353%4

Downloaded from pediatrics.aappublications.org at Our Lady O f Lourdes Hosp on November 15, 2012



Studies assessing vitamin D status on
cognitive functioning beyond childhood
are scarce. A large population-based
cross-sectional study conducted on
1676 adolescents aged 12to 17years has
reported null association of different
domains of cognitive function with 25
(OH)D3 concentrations.212 However, the
cross-sectional design and the different
timing at outcome assessment make
the comparison with our study difficult.

Nevertheless, our results are consis-
tent with previous studies conducted in
elderly adults. Seven cross-sectional
studies have reported lower concen-
trations of circulating 25(0H)D3to be
associated with higher risk of cognitive
impairment.9 1113 15'0 Moreover, 3 co-
hort studies conducted on adults 65
years of age or older have also repor-
ted a trend for an independent asso-
ciation between lower circulating 25
(OH)D3 concentrations and odds of
cognitive decline.1-1617 Similar effects
of vitamin D status on brain develop-
ment and aging could indicate a higher
susceptibility of the brain to vitamin D
deficiency during these lifetime periods.

The biological basis for the association of
vitamin D with cognitive function comes
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TABLE 1 Characteristics of Participants According to Maternal Circulating 25(0H)D3

Concentrations in Pregnancy

Area of study
Valencia (39°N latitude)
Sabadell (41°N latitude)
Gipuzkoa (42°N latitude)
Asturias (43°N latitude)
Child's gender (male)
Birth weight, g
Maternal age at child's birth, y
Parity (1 or more)
Maternal country of birth (non-Spanish)
Parental social class
I/l Managers/technicians
Il Skilled manual/nonmanual
IV/V Semiskilled/unskilled
Maternal education level
Primary or less
Secondary
University degree
Maternal pre-pregnancy BMI
Normal weight/underweight (<24.99)
Overweight (25—29.99)
Obese (3:30)
Smoking at third trimester (yes)
Alcohol during pregnancy (yes)

Serum 25(0H)D3 Concentration P Value
Trend
<20 ng/mL 20-30 ng/mL >30 ng/mL
(n = 356) in = 574) (n « 890)
202 296 37.2 <001
30.3 232 26.4
24.7 27.2 234
247 20 130
511 50.2 4838 722
3300 (435) 3283 (419) 3302 (419) 685
315 (4.5) 31.6 (4.1) 32.2 (4.0) 004
36.8 416 243 053
9.0 68 74 460
284 30.7 36.0 037
26.1 275 265
455 41.8 375
23.9 21 23 273
435 43.6 394
32.6 34.3 383
68.3 74.0 756 086
22.5 19.0 166
9.3 70 78
202 164 139 2
18.0 16.4 224 013

Values are percentages for categorical variables and mean (SD) for continuous variables.

TABLE 1 Characteristics of Participants
Concentrations in Pregnancy

According to Maternal Circulating 25(0H)D5

Serum 25(0H)03 Concentration P Value
Trend
<20 ng/mL 20-30 ng/mL >30 ng/mL ren
in - 356) (n = 574) (.n = 890)
Area of study
Valencia (39°N latitude) 37.2 <001
Sabadell (41°N latitude) 26.4
Gipuzkoa (42°N latitude) 234
Asturias (43°N latitude) 130
Child's gender (male) 48.8 722
Birth weight, g L )2 (a19) 685
Matenina*' 2 (4.0 .004
Pal 443 .053
Ma@/ 74 .460
Parer
It Area Of StUdy 36.0 .037
: ol H 26.5
v Valencia (39°N latitude) e
Mate® Sabadell (41°N latitude) 23 73
| Gipuzkoa (42°N latitude) o
MateK i | 1
N Asturias (43°N latitude) 3 76 086
Overwejght™ . 16.6
Obese (32 Alaska (53° to 71 N latitude) 7.8
Smoking at tl 139 a2
Alcohol during pregnancy (yes) 224 .013

Values are percentages for categorical variables and mean (SD) for continuous variables.
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Abstract

In utero or early-life vitamin D deficiency is associated with skeletal problems, type 1 diabetes, and schizophrenia, but the
prevalence of vitamin D deficiency in U.S. pregnant women is unexplored. We sought to assess vitamin D status of
pregnantwomen and their neonates residing in Pittsburgh by race and season. Serum 25-hydroxyvitamin D (25(0OH)D) was
measured at 4-21 wk gestation and predelivery in 200 white and 200 black pregnant women and in cord blood of their
neonates. Over 90% of women used prenatal vitamins. Women and neonates were classified as vitamin D deficient
[25(0OH)D <37.5 nmol/L], insufficient [25(OH)D 37.5-80 nmol/L], or sufficient [25(OH)D > 80 nmol/L], At delivery, vitamin
D deficiency and insufficiency occurred in 29.2% and 54.1% of black women and 45.6% and 46.8% black neonates,
respectively. Five percent and 42.1 % of white women and 9.7% and 56.4% of white neonates were vitamin D deficient
and insufficient, respectively. Results were similar at <22 wk gestation. After adjustment for prepregnancy BMI and
periconceptional multivitamin use, black women had a smaller mean increase in maternal 25(OH)D compared with white
women from winter to summer (16.0 £ 3.3 nmol/L vs. 23.2 + 3.7 nmol/L) and from spring to summer (13.2 = 3.0 nmol/L
vs. 27.6 + 4.7 nmol/L) (P < 0.01). These results suggest that black and white pregnant women and neonates residing in

the northern US are at high risk of vitamin D insufficiency, even when mothers are compliant with prenatal vitamins.

Higher-dose supplementation is needed to improve maternal and neonatal vitamin D nutriture. J. Nutr. 137:447-452, 2007.

Introduction

Rickets, once thought to have been nearly eradicated in the
United States in the 1930s (1), has again become a major public
health problem. Several reports have been published describing
recent cases of rickets in infants, most of whom were black and
exclusively breastfed (2-5). The reemergence of rickets is thought
to be due to an epidemic of vitamin D deficiency in mothers and
children (6). A newborn’svitamin D stores are completely reliant
on vitamin D from the mother (7). Not surprisingly, poor ma-
ternal vitamin D status during pregnancy is a major risk factor for
infant rickets (8-10).

In addition to causing poor global mineralization of the
skeleton, vitamin D deficiency has implications for numerous
other nonskeletal health outcomes. In utero or early life vitamin
D deficiency has been linked to an increased risk of type 1 dia-
betes (11), asthma (12), and schizophrenia (13,14). Fascinating
new data also show that vitamin D regulates placental develop-
ment and function (15), which suggests that maternal vitamin D

1Supported by NIH grants PPG 2P01 HD30367and5MO1 RR00056.Dr. Bodnar
was supported by NIH grant KOl MH074092. Dr. Simhan was supported by NIH
grants RO1 HDO041663 and R01 HD052732. The authors do not declare any
conflicts of interest.

* Towhom correspondence should be addressed. E-mail: bodnar@edc.pitt.edu.

0022-3166/07 $8.00 © 2007 American Society for Nutrition.

status may be associated with adverse outcomes of pregnancy,
such as miscarriage, preeclampsia, and preterm birth.

The mostimportant source of vitamin D is the skin’ssynthesis
of the vitamin from UV B solar radiation (16). Any process
that reduces UV B photons from entering the epidermis will
diminish cholecalciferol (vitamin D-3) production. The skin pig-
ment melanin absorbs UV B photons and can reduce vitamin
D-3 synthesis by >90% (17). Consequently, African Americans
are at high risk of vitamin D deficiency. The most recent data
from the National Health and Nutrition Examination Survey
(1988-1994) indicated that vitamin D deficiency [25-hydroxy-
vitaminD [25(OH)D] <37.5 nmol/L] was prevalentin 42% of black
childbearing-aged women and only 4% of white childbearing-
aged women residing throughout the United States (18). Vitamin
D status is also worsened in winter months (November through
March), when, at latitudes above 37°, lessUV B radiation reaches
the earth and little or no vitamin D can be synthesized in the skin
(16,19). Indeed, vitamin D deficiency in U.S. childbearing-aged
women was more than 3 times as common in winter than sum-
mer in both blacks and whites (18).

Despite the striking racial disparity in vitamin D deficiency
and the strong influence of season, there are few recent inves-
tigations into the vitamin D status of U.S. black and white
pregnant women and their neonates throughout the year. Given
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the public health importance of adequate vitamin D in this group
and the racial disparity in a number of relevant disease out-
comes, we sought to assess the vitamin D status of a cohort of
nulliparous pregnant women residing in Pittsburgh, Pennsylva-
nia (latitude 40°N) and their neonates by race and season.

Subjects and Methods

Data came from the Pregnancy Exposures and Preeclampsia Prevention
Study (20). Women carrying singleton fetuses were enrolled at <16 wk
gestation from outpatient clinics at Magee-Women’s Hospital in Pitts-
burgh, Pennsylvania and affiliated private practices from 1997 to 2001.
The response rate was 72%. After providing informed, written consent,
all subjects completed an interviewer-administered questionnaire at
enrollmentto collect data on sociodemographic factors, medical history,
and health behaviors. Nonfasting blood samples were collected at times
of usual blood draws for clinical indications (initial visit, 16-18 wk, 26—
29 wk, and predelivery) and banked. Medical records were abstracted to
ascertain blood pressures and urinary protein measurements throughout
gestation, delivery data, and neonatal outcomes. Venous cord serum
samples were also collected and banked. The University of Pittsburgh
and Magee-Women’sHospital Institutional Review Boards approved the
study.

A total 0f 2211 women enrolled in the study and had complete data
on pregnancy outcomes. For the current analysis, we used SAS random
number generator to randomly select 200 white women and 200 black
women who were nulliparous (i.e. had no previous pregnancies lasting
>20 wk), had no preexisting medical conditions, and had an uncom-
plicated index pregnancy delivered at term (37-42 wk) with an appro-
priately grown infant. From each of the 400 women, we sought to select
Iserum sample at <22 wk gestation, 1 predelivery serum sample, and a
cord serum sample. If a woman had more than 1 sample collected at
<22 wk gestation, we randomly selected 1 sample using SAS random
number generator. O fthe 200 white women selected, 198 had an available
banked serum sample collected at <22 wk, 199 had an available banked
serum sample collected predelivery, and 195 had an available banked cord
serum sample. These numbers were 194, 185, and 171 for the 200 black
women, respectively.

Quantitation of serum 25(0OH)D. Maternal and cord serum samples
were stored in aliquots at —80°C until they were analyzed for 25(OH)D.
Quantitation of serum 25(0OH)D was performed using a commercial
ELISA from Immunodiagnostic Systems Limited and validated against
an HPLC method. The ELISA was performed according to the manu-
facturer's written protocol and all samples were assayed in duplicate.
The ELISA could detect 25(OH)D in the range of 5-300 nmol/L. No
sample in our analysis fell outside this detectable range. The interassay
CV for the ELISAwas 10.3%. The ELISA recognized 100% of 25(OH)
D3 and 75% of 25(0OH) ergocalciferol (vitamin D-2) but did not dis-
tinguish between these 2 forms. In our initial HPLC validation, we
observed thatonly 3 of 32 samples (<10%) had any measurable 25(0OH)
D2, and within these samples, 25(OH)D2 accounted for only 10% of the
total measurable 25(OH)D.

The HPLC method for the quantification of 25(OH)D was modified
from those published by Horst et al. (21) and Alvarez and De
Mazancourt (22). Briefly, serum samples were spiked with an internal
standard (1 a-hydroxy vitamin D-3 purchased from Sigma) to a final
concentration of 50 nmol/L. Samples were processed twice by solid
phase extraction, first using Cig Sep-pak cartridges and then using Silica
Sep-pak cartridges. After extraction, samples were dried completely
under a nitrogen stream at 37°C and reconstituted in 100% acetonitrile.
Fifty microliters of the extracted samples was injected onto a prepared
HPLC system that consisted of a Waters 600E pump, a Waters 717 plus
autosampleg and a Waters 996 photodiode array. We separated samples
on a C18 column (150 X 4.8 mm, 5/am, Supelco) with a 20- X 4.8-mm
guard column in line. The HPLC method could separate 1 u hydroxy
vitamin D-3,25(0H)D2, and 25(OH)D 3 using isocratic conditions with
a mobile phase that consisted of 87% acetonitrile with all components
being detected at a wavelength of 265 nm. For most serum samples, only
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25(0OH)D3 was detectable. However, a few samples had small but
measurable amounts of 25(OH)D2. The interassay CV for 25(OH)D3
using the HPLC method was 5.8%. The sensitivity of the HPLC method
was <10 nmol/L and had a linear range to 1000 nmol/L. The relation
between serum 25(OH)D concentrations obtained from the ELISA com-
paredwith HPLC was as follows: slope = 1.14, intercept= 22,r = 0.88.
Because the ELISA overestimated concentrations of 25(OH)D by —25%,
we adjusted the values obtained by ELISA so they would be in better
agreement with data obtained by HPLC.

For our analysis, we classified women and neonates into 1 of 3 groups
that defined vitamin D status: vitamin D deficiency [25(0OH)D <37.5
nmol/L], vitamin D insufficiency [25(OH)D 37.5-80 nmol/L], and vitamin
D sufficiency [25(OH)D >80 nmol/L] (6,23). The same cutoffs were used
for both women and neonates, because experts contend that there is no
reason to think the definition of vitamin D sufficiency varies by age (6).

Racel/ethnicity was self-reported as non-Hispanic white or non-
Hispanic black. Season of sample collection was defined as winter
(December, January, February), spring (March, April, May), summer
(June, July, August), and fall (September, October, November).
Prepregnancy BMI [weight (kg)/height (m)2] was based on measured
height and maternal self-report of prepregnancy weight at the initial
visit. Self-reported data were available on gravidity (i.e. number of times
a woman has been pregnant: 1, 2, 2:3), marital status (married, un-
married), maternal education (<12, 12, >12 y), and smoking status
(smoker, nonsmoker). At enrollment, women self-reported their regular
use of multivitamins or prenatal vitamins in the periconceptional period
(defined as the 3 mo before and 3 mo after conception), and at delivery,
women reported their regular use in the last 3 mo of pregnancy.

Statistical analysis. Nonparametric data were log-transformed before
statistical tests were performed. Student's t tests and chi-square tests
were used to compare mean 25(OH)D concentrations and proportion of
vitamin D deficiency and insufficiency by race/ethnicity. A P-value of
0.05 defined significance. Spearman rank correlation coefficient was
used to testfor correlations between maternal and cord serum 25(OH)D
concentrations. Multivariable regression models were built to assess the
independent effect of season on vitamin D status of mothers and
newborns. First, we fitted 2 multivariable linear regression models with
either maternal or neonatal 25(OH)D concentration as the dependent
variable and a series of indicator variables for season as the primary
independent variables. Second, we fitted 2 multivariable log-binomial
regression models with either maternal or neonatal vitamin D insuffi-
ciency (binary) as the dependent variable and season as the primary
independent variable. We used generalized estimating equations for both
maternal linear and log-binomial models to account for the noninde-
pendence of repeated serum measurements among women (24).

We fit parsimonious regression models by specifying full models with
potential effect modifiers and confounding variables (season, race/
ethnicity, maternal age, education, marital status, gravidity, maternal
prepregnancy BMI, smoking status, periconceptional multivitamin use,
multivitamin use in the last 3 mo of pregnancy, and sample gestational
age). Effect modification by race and blood sample gestational age were
tested separately using Wald F-values (a = 0.10). Potential confounders
were considered to not be influential and were removed from the
model if their inclusion did not satisfy our a priori change-in-estimate
criterion (a change in the coefficient of >8%). Sample gestational
age, maternal prepregnancy BMI, and periconceptional multivitamin
use met our definition of confounding and were included in the final
models.

Values in the text are means + SEM or mean [95% CI]. Stata
software version 8.0 was used for all data analysis.

Results

Black women were more likely than white women to be <20 y
old, unmarried, less educated, nonsmokers, obese, and nonusers
of periconceptional multivitamins (Table 1). The maternal
serum samples were drawn at similar gestational ages in black
and white women.
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TABLE 1 Characteristics of white and black pregnant

nulliparous women1

White women. Black women,

o= @ m = @ P-value
Maternal age, %
<Dy 25 540 <0
20-29 y 56.5 410
£30y 41.0 50
Marital status, %
Married 380 30 <0
Unmarried 62.0 97.0
Maternal education, %
<2y 155 310 <0
12y 250 30
>12y 505 360
Gravidity,2 %
1 725 695 031
2 195 240
£3 a0 65
Smoking status, %
Smokers 525 415 <0.05
Nonsmokers 475 585
Prepregnancy BMI, %
<18.5 kg/m2 a0 40 <01
18.5-24.9 kg/m2 580 485
25.0-29.9 kg/m2 210 230
£30.0 kg/m2 130 245
Regular3periconceptional4multivitamin
use, %
Yes \ 66.5 35 <0
No 45 555
RegularSmuItivitamin use in the last
3 o of pregnancy, %
Yes \ 94.3 91.9 0.36

No 57 al

Median (range) gestational age of 102 (4.4-20.9) 117 (4.7-20.4) 0.06

blood sample <22 wk

Median (range) gestational age of blood 40.0 (37-42.3)
sample at delivery, wk

39.9 (37-42) 089

' Data are presented as percent or median (range).

2Defined as the number of times awoman has been pregnant.

3Defined as self-reported use of multivitamins or prenatal vitamins at least once per
week.

4Defined as the 3 mo before conception and the 3 mo after conception.

The unadjusted mean maternal serum 25(OH)D concentra-
tions at 4-21 wk gestation and at term were significantly higher
among white women than black women (Table 2). At 4-21 wk
gestation, the vast majority of black women were either vitamin
D deficient or insufficient. This is in sharp contrast to white
women, almost none of whom were vitamin D deficient at 421
wk gestation. However, white women had a high likelihood of
vitamin D insufficiency. Results were similar for black and white
women in samples collected before delivery (Table 2). Notably,
we observed differences in mean 25(OH)D at 4-21 wk by
periconceptional multivitamin use. Regular users of periconcep-
tional multivitamins had higher serum 25(0OH)D than nonusers
in both white [76.7 (72.0, 81.7) nmol/L vs. 68.8 (63.2, 74.9)
nmol/L, P < 0.05] and black women [46.0 (42.0, 50.5) nmol/L
vs. 37.7 (35.0, 40.6) nmol/L, P < 0.01).

TABLE 2 Vitamin D status of white and black pregnant women

and their neonates1

White women, Black women,
n= 200 n= 200
4-21 wk gestation
Serum 25(0H)D,2 nmol/L 731 (694, 76.9)  r40.2 (37.9, 42.7)*

Vitamin D status. %
Deficient: 25(0H)D <37.5 nmol/L
Insufficient: 2SOH)D 37.5-80 nmoll.  (jm )
Sufficient: 25(0H)D >80 nmol/L 373 41

37-42 wk gestation

Serum 25(0H]D, nmol/L 1.4(76.0,85.1) 49.4(46.1,52.9)*
Vitamin D status, %
Deficient: 25(0H)D <37.5 nmol/L 50 '29.2' %
Insufficient: 25(0H)D 37.5-80 nmol/L 112 51
Sufficient: 25(0H)D >80 nmol/L 'KL8 16.7
Cord blood

Serum 25(0H|D, nmol/L
Vitamin D status, %
Deficient: 25(0H|D <37.5 nmol/L
Insufficient: 25(0H)D 37.5-80 nmol/L \% 56.4)
Sufficient: 25(0H)D >80 nmol/L 339 76

67.4 (638, 7.3)  39.0 (363, 41.8)*

1values are geometric means [95%CI] or %. *Different from white women, P <
0.001 (student's ttest); ‘ ‘different from white women, P < 0.001 (chi-square test).
2Log—transformed to ensure normality.

The unadjusted mean cord serum 25(OH)D concentrations
were significantly higher in offspring of white mothers than
offspring of black mothers (Table 2). Among white neonates,
about two-thirds had 25(OH)D =£80 nmol/L. Furthermore, un-
adjusted mean cord serum 25(OH)D was lower in mothers who
had a predelivery serum 25(OH)D £80 nmol/L than mothers
with 25(0OH)D >80 nmol/L [mean [95%CI]: black mothers:
34.2 (32.0, 36.7) nmol/L vs. 76.0 (68.6, 84.1) nmol/L, P <
0.001; white mothers: 51.2 (47.6, 55.2) nmol/L vs. 86.2 (82.4,
90.1) nmol/L, P < 0.001]. Cord serum 25(OH)D concentrations
had a moderate positive correlation with maternal serum25(OH)D
at 4-21 wk gestation (r = 0.58, P < 0.001) and a strong positive
correlation with maternal serum 25(OH)D before delivery (r =
0.89, P < 0.001).

In both racial/ethnic groups, maternal (Fig. 1A) and cord
serum (Fig. IB) 25(OH)D concentrations were highest in summer
and lowest in winter and spring (Fig. 1A,B). However the
amplitude of the difference from winter to summer and spring to
summer varied by race/ethnicity. After adjustment for sample
gestational age, prepregnancy BMI, and multivitamin use, black
women had a smaller mean difference in adjusted maternal
25(0OH)D compared with white women from winter to summer
(16.0 + 3.3 nmol/L vs. 23.2 + 3.7 nmol/L) and from spring to
summer (13.2 £ 3.0 nmol/Lvs. 27.6 £ 4.7 nmol/L). This race-by-
season interaction was important (P < 0.01). Similarly, black
newborns had a smaller mean adjusted cord blood 25(OH)D
increase than white newborns from spring to summer (11.3 *
6.1 nmol/L vs. 29.3 + 4.8 nmol/L, P < 0.05). There were no
significant differences in other seasonal contrasts among black
and white neonates.

Vitamin D insufficiency in mothers and their neonates was
most common in spring among whites and in winter among
blacks (Fig. 2A-C). After adjustment for gestational age, pre-
pregnancy BMI, and multivitamin use, we observed an interac-
tion between race and season on the likelihood of vitamin D
insufficiency [defined here as25(OH)D <80 nmol/L] in maternal
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Figure 1 Maternal serum 25I0H1D concentrations by season in 200 white
and 200 black pregnant women (A) and cord serum 25I0H1D concentrations of
their neonates (6. All values were adjusted for prepregnancy BMI, prenatal
vitamin use, and gestational age.

samples (P < 0.001). Compared with summer, the adjusted
prevalence of vitamin D insufficiency was 1.9-fold, 2.1-fold, and
1.5-fold in winter, spring, and fall, respectively, among white
mothers (Table 3). White neonates born in spring had a 76%
increased prevalence of vitamin D insufficiency compared with
white neonates born in summer. Among black women and
newborns, the adjusted prevalence ratios were significantly
attenuated compared with those seen in whites and did not show
great seasonal variability. Indeed, compared with summer, there
was only a 16-21% increase in the likelihood of vitamin D
insufficiency in winter, spring, and fall among black women and
no significant seasonal effect in black neonates (Table 3).

Discussion

In this cohort of black and white nulliparous pregnant women
with a normal pregnancy outcome who resided in Pittsburgh
(latitude 40°N), we found a remarkably high proportion of
vitamin D deficiency and insufficiency among mothers through-
out gestation and among their infants at birth. Although black
women and newborns carried the burden of vitamin D insuf-
ficiency, a striking number of white women and their neonates
were also affected. Notably, we observed low concentrations of
25(OH)D despite >90% of women reporting regular multivi-
tamin use in the last trimester of pregnancy and 45% reporting
regular multivitamin use in the periconceptional period.
Studies reporting a high prevalence of vitamin D deficiency
among pregnant women and their neonates are abundant, par-
ticularly among Middle Eastern women (25-30), veiled or deeply
pigmented Australians (31), non-Westerners in the Netherlands
(32), Athenians (33), and South Asians living in Asia (34,35), the
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Figure 2 Prevalence of vitamin D deficiency 125(0OH)D <37.5 nmol/Lj, in-
sufficiency [25(0OH)D 37.5-80 nmol/U, and sufficiency (25(OH)D >80 nmol/L]
among 200 white and 200 black women at 4-21 wk gestation (A), at term (S),
and in their neonates (Q.

United Kingdom (36,37), and Europe (38,39). Yet, we are aware
of only 2 studies that assessed 25(OH)D concentrations in black
and white pregnant women in the United States, both of which
were conducted over 20 y ago with small sample sizes. In a cross-
sectional study of 10 black and 12 white pregnant women
residing in Cleveland (latitude 41°N) in February and March,
investigators reported results consistent with ours: plasma
25(OH)D at term was lower in black mothers (45.5 + 30.3
nmol/L) than white mothers (68.5 + 21.8 nmol/L, P < 0.05) and
in black neonates (23.8 + 16.8 nmol/L) than white neonates (37.3
+ 13.5 nmol/L, P < 0.05) (7). In contrast, another study in St.
Louis (latitude 38°N) of 56 women in February and 61 women in
August found that the mean 3rd-trimester serum 25(OH)D was
significantly lower in February (38.5 = 14.8 nmol/L) than August
(105 £ 34.8 nmol/L) but that there were no differences between
black and white women at either time (40). In a postpartum study
of 40 mostly black mother-infant pairs, investigators reported
that 50% of mothers had 25(OH)D <30 nmol/L at 24-48 h
postpartum despite a majority of women using a multivitamin
during pregnancy (41).
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TABLE 3 Prevalence ratios (PR) for maternal vitamin D
” insufficiency [serum 25(OH)D <80 nmol/L]
among white and black pregnant women and
their offspringl
White women, n = 200 Black women, n — 200

Maternal serum2

Winter 1.90(1.44,2.49) 121 (1.07,1.35)
Spring 2.08 (1.60, 2.70) 1.16(1.04,1.30)
Summer l(])(ref) l(D(ref)
Fall 1.50(1.13, 2.00) 1.19 (1.05,1.36)
Cord serum3
Winter 1.55(0.90,2.66) 112 (0.67,1.88)
Spring 1.76 (1.03,3.00) 101 (0.57,1.79)
Summer lO(ref) lO(ref)
Fall 130 (0.75, 2.27) 111 (0.69,1.79)

1values are adjusted PR (95% Cl). Adjusted for gestational age of the sample,
prepregnancy BMI, and multivitamin use.

2Results are based on a multivariable log-binomial regression model using generalized
estimating equations to account for the nonindependence of repeated 25(0H)D
measures in mothers across pregnancy.

3Restilts are based on a multivariable log-binomial regression model.

To our knowledge, ours is the first pregnancy study that used
the 80-nmol/L cut-point to define vitamin D insufficiency. This
cutoff is recommended because it correlates with a number of
nutritional biomarkers that are impaired by inadequate vitamin
D status (23). Previous investigators used more conservative cut-
points, which underestimate the magnitude of the problem (23).
If we had only reported 25(OH)D concentrations <37.5 nmol/L,
nearly all of the white women identified as insufficient with the
80 nmol/L cutoff would have been missed.

Similar to other investigators (7,34,35,42), we found a strong
correlation between maternal and cord blood 25(0OH)D. Indeed,
the high incidence of vitamin D insufficiency in mothers is
additionally relevant, because newborns will also have inade-
quate vitamin D stores to draw on in early life. Although we
lacked data on other functional indicators of vitamin D status,
such as intact parathyroid hormone, we can assume that when
25(0OH)D concentrations are s80 nmol/L, bone mineral density
is compromised, and below 37.5 nmol/L, individuals are at risk
of osteomalacia or rickets (6).

The seasonal changes that we observed in 25(OH)D concen-
trations are well recognized (19,43,44), but few investigators
have examined how these seasonal patterns differ between
blacks and whites. Our finding of an attenuated increase in mean
25(0OH)D and the likelihood of vitamin D insufficiency from
winter and spring to summer among black women and black
neonates compared with their white counterparts is consistent
with 2 studies conducted in U.S. childbearing-aged women
(18,45) and 1 in New Zealand nonpregnant adults (46). These
data support the observation that with typical sunlight exposure,
black individuals synthesize less cutaneous vitamin D than do
whites (47), leading to an inability of their vitamin D status to
recover to adequate levels when sunlight increases in summer-
time.

Our study was limited by alack of data on sunlight exposure,
dietary vitamin D intake, and skin type/skin pigmentation. Such
data would have allowed us to examine the extent to which im-
portant determinants of vitamin D status contribute to defi-
ciency in preghant women and newborns and how they vary by
race and season. We also lacked data on the prenatal vitamin
brand and dose used by our subjects. Such information would

have allowed us to determine whether women were supple-
mented with vitamin D-2 or vitamin D-3 and the amount they
received daily. As mentioned previously, we did not measure
functional indicators of maternal or neonatal vitamin D status,
such as bone density measurements. Nevertheless, our biracial
cohort of 400 mostly low-income women residing at 40°N la-
titude allowed us to study patterns of 25(OH)D concentrations
across seasons. Importantly, our use of the 80-nmol/L cut-point
to define vitamin D insufficiency provided the most accu-
rate description of vitamin D nutriture in pregnant women and
neonates. Another major strength was the validation of our
method of quantifying serum 25(OH)D against HPLC, the gold
standard (48).

Our study suggests that black and white pregnant women
residing in northern United States and their neonates are at high
risk of vitamin D insufficiency, even when they regularly use a
prenatal vitamin or multivitamin. Our data add to the growing
body of research supporting assertions that the current vitamin
D dietary intake recommendations are inadequate to meet the
increased demands of pregnancy (16,23,49). Research into the
true vitamin D requirements of pregnancy is greatly needed.
With the mounting evidence that vitamin D insufficiency in-
creases the risk of skeletal problems, autoimmune diseases, can-
cers, type 1 diabetes, heart disease, and schizophrenia (14,16),
and the striking racial disparities in many of these health out-
comes, improving maternal vitamin D status in pregnancy has a
tremendous capacity to benefit public health.
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TABLE 2 Vitamin D status of white and black pregnantwomen

and their neonatesl

4—21 wk gestation
Serum 25(0H)D,Z nmol/L

Vitamin 0 status. %
Deficient: 25(OH)D <37.5 nmol/L
Insufficient: 25(0H)D 37.5-80 nmol/L
Sufficient: 25(0H)D >80 nmol/L

37—42 wk gestation
Serum 25(0H)D, nmol/L

Vitamin D status, %
Deficient: 25(0H)D <37.5 nmol/L

r Insufficient: 25(OH)D 37.5-80 nmol/L
Sufficient: 25(0H)D >80 nmol/L

Cord blood
Serum 25(OH)D, nmol/L

Vitamin D status, %
Deficient: 25(0H)D <37.5 nmol/L

r insufficient: 25(0H)D 37.5-80 nmol/L
Sufficient: 25(OH)D >80 nmol/L

1Values are geometric means [95%CI] or %. ’ Different from white women, P <
0.001 (student's ttest); '’ different from white women, P < 0.001 (chi-square test).

Log-transformed to ensure normality.

W hite women, Black women,
n= 200 n = 200
0jo
80.4 {76.0, 85.1) 49.4 (46.1, 52.9)
5.0 t,2
41.2
—ain, i
53.8 16.7
67.4 (63.8, 71.3) 39.0 (36.3, 41.8)*
33.9 7.6

[0
w

1O €8°80
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Vitamin D status of exclusively breastfed infants aged 2-3 months.
Wail CR, Grant CC, Jones |

Source: Discipline of Nutrition, Faculty of Medical and Health Sciences, University of Auckland,
Auckland, New Zealand.

Abstract

BACKGROUND: New Zealand in 2008 adopted WHO policy which recommends that all
infants are exclusively breast fed until 6 months of age. The benefits of this policy for the infant
are undisputed; however, this policy has the potential to adversely impact on infant vitamin D
status. A number of countries now recommend that all breastfed infants receive daily vitamin D
supplementation 0f 400 1U to prevent rickets. New Zealand has no policy on the vitamin D
supplementation of'low-risk' breastfed infants. There are no data on the vitamin D status of
exclusively breastfed infants in the first few months of life in New Zealand.

AIM: To describe serum 25-hydroxy-vitamin D (25(OH)D) concentrations in exclusively
breastfed infants aged 2-3 months.

DESIGN/METHODS: Healthy term exclusively breastfed infants who were receiving no
vitamin D supplements were enrolled over a 15-month period. A capillary blood sample was
obtained from each infant. Serum 25(OH)D was measured using isotope-dilution liquid
chromatography-tandem mass spectrometry.

RESULTS: 94 infants were enrolled (mean age 10 weeks). Median 25(OH)D concentration was
53 nmol/1 (IQR 14-100 nmol/1). 23 (24%) infants had serum 25(OH)D concentration <27.5
nmol/1. Infants enrolled during winter had a median (IQR) 25(OH)D serum concentration of 21
nmol/1 (14,31). Infants enrolled during summer had a median (IQR) 25(OH)D concentration of
75 nmol/1 (55 100) (winter vs summer, p<0.0001).

CONCLUSIONS: Vitamin D deficiency is prevalent in exclusively breastfed infants in New
Zealand. Vitamin D supplementation should be considered as part of New Zealand's child health

policy.
PMID:23303428[PubMed - as supplied by publisher]

Vitamin D levels of infants converted from nmol/1 to the US
common measurement for blood serum concentrations, ng/ml:
-Entire study:
Median = 21.2 ng/ml
24% of infants <11 ng/ml
-Infants enrolled in winter:
Median = 8.4 ng/ml
Highest level = 12.4 ng/ml
-Infants enrolled in summer:
Median = 30 ng/ml

Conversion notes by the office of Representative Seaton
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Abstract

Low vitamin D levels are negatively associated with certain prosuicidal factors such as
exacerbation of depression, anxiety, psychosis, and certain medical conditions. Therefore, we
hypothesize that they may also be associated with completed suicides. In particular, lower
vitamin D levels at the end of winter, secondary to the lower vitamin D production in the skin,
(as a result to reduced skin surface exposure as well as reduced duration of exposure, an after
effect of uncomfortably low heat index and lower solar radiation). In preparation to test this
hypothesis in future research, we now briefly review the existent literature on vitamin D, its
deficiency and its reported association with certain risk factors for suicide.

Introduction

Suicide is the 10th leading cause of death worldwide and the second leading cause of
death in adolescents and adults ages 15-35 years (1-3). Suicide attempts are 2 to 3 times more
likely than fatal completions (4). Approximately 90% of individuals who die by suicide are
diagnosable with a psychiatric illness. About 9.5% of the United States population suffers
from a mood disorder including 6.7% suffering from major depressive disorder, 18.1%
diagnosed with an anxiety disorder and 1.1% with a psychotic disorder expressed by

k-mail address: tpostolachc@psych.uinaryland.edu. Correspondence: Teodor T Postolache, MD, Mood and
Anxiety Program (MAP), Department of Psychiatry, University of Maryland School of Medicine, 685 West
Baltimore Street, MSTF Building Room 930, Baltimore, MD 21201 United States.
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schizophrenia (1-3,5). The risk of suicidal behavior markedly increases if an individual
manifests co-morbidity. For instance, in a study performed on adolescents and young adults
with suicide attempts, 79% of suicidal individuals had co-morbid psychiatric disorders, and
individuals with 3 or more diagnoses of these disorders were significantly more likely to
attempt suicide as compared to healthy controls (4, 6).

Vitamin D deficiency results from insufficient amounts of the circulating vitamin D,
which is essential for proper bone and mineral metabolism, growth, neurodevelopment and
immune maturation. A significant amount of vitamin D is synthesized in the skin under the
influence of ultraviolet light from the sun.

Many individuals reside in areas of the world with limited sunlight exposure, such as cold
climate and higher latitudes. Other implications include clothing choices that tend to cover the
skin while outside, or not eating enough foods rich in vitamin D, such as fatty fish or dairy
products. These, if not adequately corrected with vitamin supplements, could lead to vitamin
D deficiency.

The objective of this chapter is to evaluate evidence suggesting an association between
vitamin D serum levels and suicide risk factors, such as 1) Psychiatric Disorders, including
anxiety, mood and psychotic disorders, 2) family history of suicide, including genetic and
early developmental factors and 3) chronic medical illnesses. We will also discuss Vitamin D
physiology and the possibility of its use as a preventive measure for suicidal behaviors.

Figure 1. Vitamin D deficiency, and suicide predispositions and triggers such as negative life events, if
combined, can lead to suicide.

What Is Vitamin D?

Vitamin D is a group of fat-soluble prohormones, the two forms of which are vitamin D3
(cholecalciferol) and vitamin D2 (ergocalciferol). The difference between these two forms lies
in their side chain. Vitamin D3 is either formed in the skin after exposure to ultraviolet light
(natural sunlight or artificial) or it is obtained orally from dietary sources. Natural, enriched
and supplemental sources of vitamin D are shown in Table 1

7-dehydrocholesterol (pre-vitamin D3J) is the derivative of cholesterol and is formed in
skin under the influence of ultraviolet (UV) light. Vitamin D2 is obtained by irradiation of
plant materials or foods. The highest concentrations of 7-dehydrocholesterol are present in
epidermal layers of the skin. This pre-vitamin D3is then spontaneously isomerized to vitamin
D3in the skin.
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Table 1. Sources of vitamin D

NATURAL, ENRICHED AND SUPPLEMENTAL SOURCES OF VITAMIN D

Nutritional Sources Vitamin D Content
NATURAL

Salmon

Fresh (3.5 0z) 600-1000 U
Fanned (3.5 0z) 100-250 1U
Canned Tuna (3.6 0z) 250 U

Shiitake Mushrooms

Fresh (3.5 0z) 100 1IU

Sun-Dried (3.5 0z) 1,600 1U

Yolk of an egg 20 U
ENRICHED

Milk (8 0z) 100 1V

Orange Juice (8 02) 100 1IU

Cereals (1 serving portion) 100 1U
SUPPLEMENTS

Infant formula (8 0z) 100 1U
Ergocalciferol 50,000 1U/Capsule
Dristol liquid supplement 8000 1U/MI
Over-Counter Multivitamin 400 1U

UV-B Radiation (5-10 min in sunlight) 3,000 U

This Vitamin D3 formed in the skin, where it can meet one of two fates. It can be
converted into active vitamin D3 (1,25[OH]2D3) (calcitriol) within the skin or it can be
transported to the liver after binding with proteins in the blood. Both vitamin D2 and D3
undergo the same activation process involving first, 25-hydroxylation in the liver, followed
by 1 alpha-hydroxylation in the kidney to make the biologically active compounds
1,25[0OH]2D2 and 1,25[0H]2D3, respectively. There is little evidence that these two active
forms differ in their mode of action, and since most is known about the synthesis and action
of 1,25[OH]2D3, most studies focus on D3,

The metabolic activation of vitamin D3 is carried out by specific cytochrome P-450
containing enzymes. First, vitamin D3 passes through the liver and is metabolized to 25[OH]
D3 (calcidiol) by the action of 25-hydroxylase. Then 25[OH]D3 is metabolized to
[,25[OH]2D3 by the action of lalpha-hydroxylase in the kidney. Both of these enzymes are
located in the inner mitochondria in the kidney cells. The synthesis of 1,25[OH]2D3 by the
renal lalpha-hydroxylase appears to be tightly regulated by levels of plasma 1,25[OH]2D3 and
calcium. This renal enzyme is induced by the parathyroid hormone (PTH).

Excretion

Both synthesis and degradation of vitamin D are tightly regulated. Catabolism of vitamin
D involves 24-hydroxylase which is a third, vitamin D related mitochondrial cytochrome P-
450 enzyme and is involved in the catabolism of 25[0OH]D3to 24,25 [OH]2D3. This enzyme
also catalyses 1,25[OH]2D3to 1,24,25[OH]3D3. Both 24,25[0OH]2D3and 1,24,25[0OH]3D3 are
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ultimately excreted after metabolism. 24-Hydroxylase is strongly induced in target cells by
1,25[OH]2D3 and it prefers 1, 25 [OH]2D3to 25[0OH]D3as a substrate. This hydroxylation by
24-hydroxylase is now known to occur in all vitamin D target tissues including enterocytes,
osteoblasts, keratinocytes and parathyroid cells.

UVB Induced Synthesis of Active Vitamin D (1,25[OH]2D3) in Skin
and Its Significance

Epidermal synthesis of calcitriol under influence of UVB regulates important cellular
functions in Kkeratinocytes and immunocompetent cells. The antiproliferative and
prodifferentiating effects of calcitriol and other vitamin D analogues are highly effective in
the treatment of psoriasis vulgaris.

The known antipsoriatic effects of sunlight could in part be mediated via UV-B induced
synthesis of calcitriol. Vitamin D synthesis is also of high importance for the prevention of a
broad variety of diseases, including various malignancies.

Also, the discovery of 1alpha-hydroxylase in the central nervous system (CNS) suggests
that the CNS can synthesize the active form of vitamin D (7). Thus, serum 25-
hydroxycholecalciferol levels may also influence paracrine production of 1, 25
dihydroxycholecalciferol directly in the CNS (8-10).

Mechanisms of Action of Vitamin D

Vitamin D metabolites are bound in the circulation to vitamin D binding proteins. The
active metabolite enters the target cells and binds to vitamin D receptors (VDRS), which are
nuclear receptors.

This complex, forms a heterodimer with a retinoid receptor and binds to the vitamin D
responsive element on a responsive gene leading to gene expression, either up regulation or
down-regulation of gene products such as calcium binding protein or osteocalcin, a process that
might take anywhere from hours to days. On the other hand, 1, 25[OH]2D3 may also work
through a plasma membrane receptor and a second messenger such as Mitogen-Activated
Protein (MAP) Kinase or Cyclic Adenosine Monophosphate (cAMP) and may influence
calcium channels (11). The rapid response through a second messenger includes the effects on
the pancreas beta cells, on vascular smooth muscle, on the intestines and on monocytes.

Functions of Vitamin D

A key function of 1,25]OH]2D3 is to increase calcium absorption from the intestine. For
calcium absorption, longitudinal bone growth, osteoblast and osteoclast activity, both
1,25[0OH]2D3 and VDR are essential (12). Genes up-regulated by 1, 25 [OH]2D3 include
osteocalcin, osteopontin, calbindin, 24-hydroxylase and others (13). Metabolites of the active
form of vitamin D, down regulate inflammatory markers such as 1L-1 and IL-12 and have an
antiproliferative effect. They also decrease Parathyroid Hormone (PTH) and Parathyroid
Hormone-related Protein (PTHrP) through a negative vitamin D responsive element (13). In
summary, the active metabolite 1,25[OH]2D3 stimulates calcium absorption, decreases PTH
secretion, stimulates osteoclastic bone resorption, stimulates the osteoblasts, decreases the
production of collagen type I, influences muscular function, stimulates cell differentiation and

[Chapter continues on page 74 of: Environment, Mood Disorders and Suicide]



Vitamin D news

Research reveals link between low vitamin D and military suicide
07 January 2013

Research published this past week is the first to
report that low vitamin D levels are associated
with an increased risk for suicide in US military
personnel.

John C. Umhau, MD, and colleagues in

Bethesda, Maryland conducted a prospective,

case-control study using serum samples stored

in the Department of Defense Serum

Repository. The researchers matched 495 verified suicide cases to 495 controls by
rank, age and sex.

The researchers found that more than 30% of all participants had vitamin D levels
below 20 ng/ml. The subjects with the lowest vitamin D status (<15.5 ng/ml) had
the highest risk of suicide, while participants with higher 25(OH)D status showed a
decreased risk. The authors conclude,

“Future studies could determine ifadditional sunlight exposure and
vitamin D supplementation might reduce suicide by increasing
25(0OH) D levels. ”

Source:

Umhau JC, et al. Low vitamin D status and suicide: A case-control study of active
duty military service members. PLOS ONE. Jan 2013.

Page last edited: 07 January 2013



Is low vitam in D linked to military suicide?

Posted on January 10, 2013 by John Canned, MD

The authors studied 495 cases of suicide among active duty military personnel who had their blood drawn

within 2 years of their suicide. They compared them to 495 matched cases controls.

Umhau JC et al. Low Vitamin D Status and Suicide: A Case-Control Study of Active Duty Military Service

Members. Plos One

More than 30% of the soldiers had vitamin D levels lower than 20 ng/ml, even in the
summer. When sampled in the winter, more than 60% of the soldiers had levels less
than 20 ng/ml. They then grouped the soldiers in octiles; in other words, they divided the
soldiers into 8 equal groups by grouping them according to vitamin D levels. They
found that soldiers with the lowest levels of vitamin D were twice as likely to
complete suicide as were soldiers with higher levels.

The authors made the following points in their paper:

* Sunlight may exert benefits over and above that of making vitamin D. For instance, sunlight is
involved in melatonin physiology and melatonin can affect mood.

[ ] Low vitamin D status has recently been connected with, low cognitive performance, psychotic-like
symptoms, and depression.

m A depressive episode does not always precede suicide. The development of suicidal thoughts can be
sudden and occur within 10 minutes of a suicide attempt. Impulsivity plays a major role in military
suicides.

] Low serotonin occurs during the winter; and as most know, serotonin is popularly thought to be
central to feelings of happiness. This fact may confound the relationship between vitamin D levels

and risk of suicide.

« — >Arecent study found the vitamin D levels of soldiers in basic training in South Carolina
fell at the end of 8 weeks of basic training due to the heavy clothing worn by soldiers. ~—
Dr.Umhau and colleagues concluded,

“Studies are urgently needed to develop an appropriate strategy to insure that service members do not
suffer the ill effects of a preventable deficiency of vitamin D.”

W e agree butwould add that the military should take immediate steps to treat vitamin D deficiency that is

rampant among their soldiers.
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ABSTRACT

Background: Low serum levels of 25-hydroxyvitamin
D3 are associated with an increased risk of respiratory
tract infections (RTIs). Clinical trials with vitamin D3
against various infections have been carried out but
data are so far not conclusive. Thus, there is a need for
additional randomised controlled trials of effects of
vitamin D3 on infections.

Objective: To investigate if supplementation with
vitamin D3 could reduce infectious symptoms and
antibiotic consumption among patients with antibody
deficiency or frequent RTIs.

Design: A double-blind randomised controlled trial.
Setting: Karolinska University Hospital, Huddinge.
Participants: 140 patients with antibody deficiency
(selective IgA subclass deficiency, 1gG subclass
deficiency, common variable immune disorder) and
patients with increased susceptibility to RTIs

(>4 bacterial RTIs/year) but without immunological
diagnosis.

Intervention: Vitamin D3 (4000 IU) or placebo was
given daily for 1 year.

Primary and secondary outcome measures: The
primary endpoint was an infectious score based on five
parameters: symptoms from respiratory tract, ears and
sinuses, malaise and antibiotic consumption.
Secondary endpoints were serum levels of
25-hydroxyvitamin D3, microbiological findings and
levels of antimicrobial peptides (LL-37, HNP1-3) in
nasal fluid.

Results: The overall infectious score was significantly
reduced for patients allocated to the vitamin D group
(202 points) compared with the placebo group

(249 points; adjusted relative score 0.771, 95% Cl
0.604 to 0.985, p=0.04).

Limitations: A single study centre, small sample size
and a selected group of patients. The sample size
calculation was performed using p=0.02 as the
significance level whereas the primary and secondary
endpoints were analysed using the conventional
p=0.05 as the significance level.

Conclusions: Supplementation with vitamin D3 may
reduce disease burden in patients with frequent RTIs.

ARTICLE SUMMARY

Article focus

m Recent evidence suggests that vitamin D3 has
potent extraskeletal effects, such as suppression
of inflammation and strengthening of mucosal
immunity by induction of antimicrobial peptides.

m Data from observational studies suggest that low
levels of 25-hydroxyvitamin D3 are associated with
an increased risk of respiratory tract infections.

m Results from a limited number of randomised
controlled trials on the protective role of vitamin
D3 against respiratory tract infections are incon-
clusive and thus additional studies are warranted.

Key messages

m Therefore we designed and carried out a rando-
mised controlled trial where a large dose (4000 1U)
of vitamin D3 was given to patients with an
increased susceptibility to infections for 1 year.

m The main conclusion is that vitamin D3 supple-
mentation reduces symptoms and antibiotic con-
sumption among patients with an increased
frequency of respiratory tract infections. Thus,
vitamin D3 supplementation may be an alternative
strategy to reduce antibiotic use among patients
with recurrent respiratory tract infections.

Strengths and limitations of this study

m A high daily dose of vitamin D3 was used, the
study time was a full year covering all seasons
and patients with an increased frequency of
respiratory tract infections were studied.

m A single study centre, small sample size (n=140)
and a selected group of patients.

INTRODUCTION

Vitamin D was discovered when it was noted
that rachitic children were improved by expos-
ure to sunlight.l It was later shown by Holick
eéa? that vitamin D3is synthesised in the skin
under the influence of ultraviolet light.
Vitamin D 3is further hydroxylated in the liver
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to 25-hydroxyvitamin D3 which is considered to reflect
the vitamin D status of an individual patient.3 The final
activation to the active form 1,25-dihydroxyvitamin D3
(1,25(OH)D3) requires 1l-a-hydroxylase activity. This
enzyme (also designated CYP27B1) is expressed in the
kidney but also in many other cell-types, including epithe-
lial and immune cells4The active vitamin D3 (1,25 (OH)
D3) binds to the vitamin D receptor (VDR), which
belongs to the nuclear receptor family. Active vitamin D3
is only present in minute amounts in the circulation and
local activation in target cells is crucial for vitamin
D-mediated effects on the immune system.5

Low levels of 25-hydroxyvitamin D3 are associated with
an increased risk of tuberculosis68 and respiratory tract
infections.9 The mechanism is not fully elucidated but
vitamin D3 has been shown to induce antimicrobial
peptides in immune cells.10 In addition, active vitamin
D3 (1,25(0H)D3) has broad anti-inflammatory effects
on the adaptive immune system by shifting the T helper
cell pool from a Thl/Th17-response to a Th2/
Treg-dominated response.ll 12 Vitamin D3 has also been
shown to suppress the Th2-response in allergic broncho-
pulmonary aspergillosis.13 Thus, vitamin D3 modulates
both the adaptive and innate immune system.14The bulk
of data on vitamin D3and infections stems from in vitro
experiments and retrospective observational studies.
Results from randomised controlled trials (RCTs) where
the effects of vitamin D3 on infections have been investi-
gated (reviewed by Yamshchikov € all§ are not conclu-
sive and larger clinical trials are therefore warranted.

We designed a study to test the hypothesis that
4000 IU of vitamin D3 given daily to patients with anti-
body deficiency and frequent respiratory tract infections
for lyear could prevent or ameliorate infections. In add-
ition, we investigated whether genetic polymorphisms in
genes involved in the effect and/or metabolism of
vitamin D3have an influence on the outcome of vitamin
D 3supplementation.

METHODS

Study design

A prospective, randomised, double-blind placebo-
controlled study of vitamin D3 supplementation in
patients with an increased susceptibility to respiratory
tract infections. The study was approved by the local
Ethical Committee and the Swedish Medical Product
Agency and was performed in accordance with the dec-
laration of Helsinki. Written informed consent was
obtained from all study participants. The study was regis-
tered at www.clinicaltrials.gov prior to inclusion of the
first patient (NCT01131858). The EudraCT number is
2009-011758-16. The full protocol is available from the
corresponding author upon request.

Sample size calculation
The sample size was based on the assumption that the
intervention would reduce the number of days with

symptoms from 42 (210 points) to 28 days (140 points),
that is, a reduction of the infectious burden by 30%.
Given this assumption, a sample size of 60 patients per
study group was predicted to provide the study 90%
power at a significance level of p=0.02 (Student’st test).
To compensate for predicted exclusion of participants,
the groups were increased to include 70 patients per
treatment arm. Importantly, the significance level of
p=0.02 was chosen in the power calculation to ensure
that a sufficient number of patients were recruited in
order to avoid a type Il error in the primary analysis.
However, the conventional and widely accepted signifi-
cance level of p=0.05 was used for statistical analyses of
the primary and secondary endpoints.

Participants

Patients at the Immunodeficiency Unit, Karolinska
University Hospital, Huddinge, Sweden, were included
between March and June 2010 by the study nurses (SH,
ML and KJ). Inclusion criteria were age 18-75 years and
an increased susceptibility to respiratory tract infections;
that is, >42 days with symptoms from the respiratory tract
during a 12-month period prior to study inclusion.
Patients registered at the Immunodeficiency Unit are
closely followed up with a diary of symptoms and anti-
biotic consumption. Thus, the patients are trained and
used to apply such an instrument to assess their infec-
tious status. Data from patients’ standard diary were used
as an instrument in order to assess patients for eligibility,
both via telephone and by the responsible physician (PB
and ACN) prior to inclusion. Patients with selective
IgA-deficiency (D80.2), IgG-subclass deficiency (D80.3)
and common variable immune disorder (CVID, D83.0)
as well as patients without a defined immunological
diagnosis (D89.9) were included. Exclusion criteria were
prophylactic treatment with antibiotics, history of hyper-
calcaemia or stones in the urinary tract, sarcoidosis,
ongoing supplementation with vitamin D3 exceeding
400 IU/day, HIV-infection and pregnancy.

Interventions

Patients were randomised to 12 months’ treatment with
vitamin D3 (Vigantol, 4000 IU/day, Merck GmbH,
Darmstadt, Germany) or placebo oil. One drop contained
500 IU vitamin D3 or placebo oil (Miglyol oil, Merck
GmbH, Darmstadt, Germany) and the participants were
asked to take eight drops daily. The participants had to
mark their daily symptoms of infection in a diary, which
was sent via regular mail to the study site every month.
The following data were recorded: symptoms from the
respiratory tract, ears and sinuses, treatment with antibio-
tics, numbers of bacterial cultures, times and reasons of
visits to hospitals, frequency of travelling abroad and
adherence to study drug.

Outcomes
The primary outcome was a composite infectious score,
based on a daily patient-reported questionnaire and
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included five parameters: symptoms from the respiratory
tract, ears and sinuses, malaise and use of antibiotics
(see online supplementary figure SI1), each parameter
gave 1 point/day. The occurrence of x-ray verified pneu-
monia gave three additional points per day for a period
of 7 days. Thus, a pneumonia resulted in 3x7 points=21
extra points. Patients were specifically instructed to
record only symptoms related to ongoing respiratory
tract infections. Symptoms related to infections at other
sites (urinary tract, wounds, etc) as well as non-infectious
symptoms were reported as adverse events. Secondary
outcomes were serum levels of 25-hydroxyvitamin D3 (at
baseline and after 3, 6, 9 and 12 months), numbers of
bacterial cultures, microbiological findings and levels of
antimicrobial peptides (LL-37 and HNP1-3) in nasal
fluid (at baseline and after 6 and 12 months). In add-
ition, six post hoc genotype analyses were performed
in all participants. Analyses of single nucleotide poly-
morphisms (SNPs) were carried out for VDR (Taqgl and
Foql), CYP27B1, CYP24Al1, CYP2R1 and vitamin D
binding protein (GC). Safety tests included plasma levels
of creatine, calcium, phosphate and albumin, measured
at baseline and after 3, 6, 9 and 12 months. At inclusion,
urine-HCG (human chorionic gonadotropin) in women
was measured and p-parathyroid hormone was measured
in both genders. The results of the safety tests were
reviewed by an independent and unblinded consultant
physician. Two blinded physicians (PB and ACN) were
responsible for inclusion and all medical visits to the
study site  (Immunodeficiency Unit, Karolinska
University Hospital, Huddinge, Sweden).

Randomisation and statistical analysis

Participants were randomised to 12 months’ treatment
with vitamin D3 (Vigantol, 4000 IU/day) or placebo oil.
Block randomisation with a block size of ten was used
to ascertain equal group sizes. Staff at Karolinska Trial
Alliance was responsible for randomisation procedures.
In the statistical analysis, continuous variables were com-
pared using Mann-Whitney U test or linear regression
and dichotomous variables by Fisher’s exact test or logis-
tic regression. Regressions of log-transformed infectious
scores were performed both unadjusted (simple regres-
sion) and with adjustment for potential confounders
(multiple regression).

Statistical methods: primary analysis

The distribution of the infectious score was found to be
skewed, thereby violating the normal assumption of
the prespecified t test analysis. Hence, scores were log-
transformed prior to analysis. Further, the randomisation
had resulted in age distributions that were not entirely
balanced between the two groups. Since there might
be concerns that such imbalance could influence
the results of the study, the original analysis plan was
extended with a multivariable analysis adjusting for
potential confounders. In this linear regression model
based on log-transformed values of the primary outcome

(the total infectious score) and its individual compo-
nents, adjustment was made for age, gender, smoking,
type of immune deficiency and significant comorbidities
(respiratory or non-respiratory). Because of the trans-
formation procedure, the adjusted effect of vitamin D 3is
expressed as a ratio between the score in the vitamin D3
and the placebo group. In this multiplicative model, an
effect size of 1 indicates identical outcome in the two
study groups and statistically non-significant results are
recognised by Cls encompassing the value 1.

To explore potential divergent effects on different
organ systems, both adjusted and unadjusted analyses
were repeated separately for each individual item of the
infectious score. In addition, the temporal aspects of the
vitamin D3 effect were investigated by dividing the study
period into four 90-day periods (starting on the first day
of treatment) and repeating the analyses separately for
each time period. ‘Ear’ and ‘sinus’ symptoms as well as
‘antibiotic use’ occurred at low frequencies and for
these entities normal distributions could not be achieved
despite data transformation. Thus, the adjusted analyses
of these individual items were based on multivariable
logistic regression, after coding the symptom (or anti-
biotic therapy) as present or absent during the course of
the study. However, this only applies to analysis of the
individual items, and not to the primary analysis of the
total infectious score, where all item scores were added
as originally described.

Most postrandomisation exclusions were due to
patients failing to fill out the symptoms diary. Hence,
no intention-to-treat (ITT) analysis based on actual
outcome data could be performed. However, the poten-
tial impact of dropouts was addressed in an ITT analysis
based on multiple imputation of missing outcome data.
In the imputation process, pooled estimates were
derived from 100 datasets created by means of multivari-
ate imputation by chained equations and predictive
mean matching for the same covariates as in the
adjusted per-protocol analysis.

Detailed descriptions of randomisation and blinding,
sampling of nasal fluid, measurement of antimicrobial
peptides, measurement of 25-hydroxyvitamin D3, geno-
typing and statistical analyses of secondary outcomes are
presented in the supplementary methods section.

RESULTS

Baseline data

A total of 286 patients were first assessed for eligibility
but 144 were not included because they did not fulfil all
inclusion criteria; <42 days with infection/year (n=35),
lacked other inclusion criteria (n=42), or declined to
participate (n=67). The remaining 142 patients were
further screened and 140 patients were included in the
study. Of these, 70 were randomised to vitamin D3 sup-
plementation and 70 to placebo (figure 1). The groups
did not differ with regard to gender, IgG replacement
therapy, smoking, baseline 25-hydroxyvitamin D3 levels,
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Figure 1 Study outline.

type of immune defect or comorbidities (table 1).
Patients with subclass deficiency, selective IgA deficiency
(slgAD), CVID and patients without a defined immuno-
logical diagnosis (ND) but with >4 bacterial respiratory
tract infections/year were included. IgG replacement
therapy was most common in the CVID group (100%)
and in the subclass deficiency group (63%), and also
frequent in the other groups (ND, 54% and slgAD,
38%, see online supplementary table Sl). Patients allo-
cated to the placebo group were slightly younger than
patients in the treatment group (p=0.025, data not
shown). During the course of the study, 16 patients left
the study prematurely (8 patients from each study
group) and consequently 124 patients were included in
the main per-protocol analysis. Reasons for dropout
included elevated parathyroid hormone (n=2), with-
drawn consent (n=5), adverse events (n=1), prescription
ofvitamin D outside the study (n=I), failure to complete
diary (n=4) or non-compliance to study medication
(n=3; figure 1).

Primary endpoint: infectious score

One year of vitamin D3 treatment was associated with
a significantly reduced total infectious score both in
the unadjusted (n=124, p=0.024; table 2) and in the
adjusted analyses (n=124, p=0.040; table 2; figure 2A,B
and see online supplementary table S2). The

Table 1 Baseline data

Vitamin D3 Placebo

Number 70 70
Age (mean) 55.4 50.8
Female 52/70 50/70
Male 18/70 20/70
1gG-replacement 39/70 42/70
Smoking 4/70 6/70
25-OH levels (mean) (nmol/l) 51.5 46.9
Immunological diagnosis
slgA-deficiency 9/70 9/70
1gG subclass 27/70 30/70
CVID 6/70 4/70
ND 28/70 27/70
Concomitant disease
No other disease 16/70 18/70
Lung: Asthma 27/70 25/70
Lung: BE 5/70 7170
Lung: COPD 5/70 4/70
Other disease* 17/70 16/70

Mann-Whitney U test was used for comparisons of age and
25-OH vitamin D3. Fisher’s exact test was used for all other
comparisons.

“other disease’ includes hypertension, body pain, hypothyroidism
and gastritis as most common diagnoses.

BE, bronchiectasis; COPD, chronic obstructive pulmonary
disease; CVID, common variable immuno deficiency; ND,
increased susceptibility to infections without a defined
immunological disorder.
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Figure 2 Primary endpoint. The adjusted total relative
infectious score (A) is expressed ‘per quarterl(3-month
periods). The adjusted 1-year scores (total score, airway,
malaise, ear, sinus and antibiotics) are depicted in a
Forest-plot (B) together with 95% CI. Effects are presented as
relative scores (total score, airway and malaise) or OR (ear,
sinus, antibiotics and indicated with asterisks).

unadjusted relative score in the intervention group was
0.754 (95% CI 0.591 to 0.963, p=0.024, n=124) corre-
sponding to a 25% reduction and after adjustment

Table 2 Primary endpoint,

for potential confounders, the relative score was 0.771
(95% CIl 0.604 to 0.985, p=0.04), corresponding to a
23% reduction (table 2). According to the temporal
analysis, the effect of vitamin D3 supplementation
tended to improve with time (figure 2A). The absolute
unadjusted score per patient was 202 points for the
vitamin D group and 249 points for the placebo group, a
significant reduction of 47 points per patient (p=0.023,
Mann-Whitney U test, see online supplementary
table S3).

When the individual items of the infectious score
were analysed separately, all point estimates indicated
a reduction in the treatment group (table 2, see online
supplementary figure S2), although only antibiotic con-
sumption reached statistical significance (figure 2B and
see online supplementary figure S2, panel E). The
adjusted OR for antibiotic use was 0.365 (95% CI 0.153
to 0.872, p=0.023, n=124), that is, a 63.5% reduction of
the odds of antibiotic use in the intervention group
(table 2). The absolute values were 33 days on antibiotics
for the placebo group and 16 days for the vitamin D3
group, that is, a reduction of 17 days in the vitamin D3
group (see online supplementary table S3). The tem-
poral trends for specific symptoms and antibiotic con-
sumption were similar to the total score and reached
statistical ~ significance for ‘ear’-symptoms (n=124,
p=0.041) and for ‘malaise’ (n=124, p=0.053) in the
final quarter of the study (see online supplementary
figure S2, panels B and C).

Analysing the primary outcome according to ITT
(n=140) produced results virtually identical to those of
the per-protocol analysis. In the unadjusted ITT analysis,
vitamin D3 reduced the total infectious score by 25%
(relative score 0.752, 95% CI| 0.588 to 0.962, p=0.024)
and after adjustment for potential confounders the
reduction was 23% (relative score 0.767, 95% CI 0.599
to 0.982, p=0.036).

Serum levels of 25-hydroxyvitamin D3
Serum 25-hydroxyvitamin D3levels did not differ between
the groups at baseline (table 1) but already after 3 months

Univariable regression model (unadjusted

values) Multiple regression model (adjusted values)
Endpoint Effect 95% ClI p Value Effect 95% ClI p Value
Total score 0.754 0.591 to 0.963 0.024 0.771 0.604 to 0.985 0.040
Airway 0.857 0.697 to 1.053 0.141 0.871 0.706 to 1.074 0.200
Ear* 0.721 0.352 to 1.465 0.367 0.695 0.320 to 1.501 0.357
Sinus* 0.583 0.280 to 1.198 0.144 0.594 0.265 to 1.328 0.204
Malaise 0.845 0.692 to 1.032 0.098 0.845 0.689 to 1.036 0.108
Antibiotics* 0.355 0.154 t0 0.784 0.012 0.365 0.153 t0 0.872 0.023

Treatment effect calculated as the ratio between infectious scores in the vitamin D3 and the placebo groups. Due to low frequencies,
endpoints marked with asterisks (*) were coded as binary outcomes (ie, present or absent in each patient) and compared by means of logistic
regression. In these cases, the effect refers to OR of experiencing the outcome at least once during the course of the study (The data are

based on n=124 patients).
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Serum levels of 25-hydroxyvitamin D3

«*e Vitamin D
-*  Placebo

months

Figure 3 Secondary endpoint. Vitamin D levels. Serum was
collected at days 0, 3, 6, 9 and 12 months and levels of
25-hydroxyvitamin D3 were measured. Values are expressed
as mean+95% Cl.

the intervention group had a significandy higher level
of 25-hydroxyvitamin D3 (133.4 vs 66.6 nmol/1, p<0.001;
figure 3). This increase remained throughout the study
(figure 3).

Bacterial cultures and microbiology
During the course of the study,
samples were obtained in the vitamin D3 group
(n=62, 2.79/patient) and 301 in the placebo group
(n=62, 4.85/patient; p=0.010; table 3). The number of
samples with at least one positive finding was higher in the
placebo group, with close to statistical significance
(p=0.052), while the fraction of positive samples was
similar for both groups (table 3). Significantly more
patients had a microbiological sample taken from the
respiratory tract (>1 sample) during the study period in
the placebo group; OR 2.63 (95% CI 1.17 to 5.92; table 3).
In total, the vitamin D3 group generated 76 positive
microbiological findings (bacteria or fungi), compared
with 159 in the placebo group (p=0.023). There was no
difference between the groups for the traditional
respiratory pathogens (Haemophilus influerza, Moraxella
catharralis and Strgpiooooous pneumonia), but there were

173 microbiological

Table 3 Bacterial cultures

Vitamin

d3 Placebo Significance
Number of samples  2.79 4.85 p=0.010*
per patient (mean,
n=62/62)
Number of positive 101 2.02 p=0.052*
samples per patient
(mean, n=62/62)
Fraction positive 63/173 125/301  p=0.28**
cultures (%) (36%) (41%)
Patients with >1 38/62 50/62 p=0.029**
sample taken (61%) (81%)

*Mann-Whitney U test.
«‘ Fisher's exact test.

significandy fewer findings of Srgpiooooos  aurels
(p=0.019) and fungi (p=0.028, Candida spp. and
Aspargillus spp.) in the treatment group (table 4).

Likewise, significantly fewer vitamin D 3treated patients
had a bacterial culture positive for 5 aureus (p=0.019) or
fungal species (p=0.058), although the latter difference
did not reach statistical significance (table 4).

Vitamin D treated patients with subclass deficiency left
significandy fewer bacterial or fungal cultures than
placebo-treated patients with this diagnosis; seven cul-
tures in the vitamin D group (n=22) versus 47 cultures
in the placebo group (n=24) (see online supplementary
table S4). Also the number of patients that had >1 bac-
terial culture taken was significantly fewer in the placebo
group (12/22 vs 22/24, p=0.0065, see online supplemen-
tary table S4). There was no significant effect of other
immunological diagnoses on bacterial cultures or micro-
biology (see online supplementary table S4).

Since concomitant lung disease may be an important
factor for vitamin D mediated effects on respiratory
immunity, we performed a detailed analysis of bacterial cul-
tures and microbiology of patients with asthma, bronchiec-
tasis (BE) and chronic obstructive pulmonary disease
(COPD). The numbers of patients with these diagnoses
were quite small, which preclude any firm conclusions
regarding any effect. However, there was a trend— however
not significant—that vitamin D-treated patients with
asthma produced fewer bacterial cultures (average 2.9 cul-
tures/patient vs 7.0 cultures/patients, p=0.080, see online
supplementary figure S3) and fewer positive cultures than
placebo-treated asthmatics (average 0.6 positive cultures/
patients vs 2.7/patient in the placebo group, p=0.052, see
online supplementary figure S3). In addition, vitamin
D-treated asthma patients showed significantly fewer cul-
tures positive for fungi (Candidaand Aspergillus) compared
with placebo-treated asthmatics (p=0.0476, see online sup-
plementary table S5). For BE or COPD patients there was
no clear trend or significant effect in bacterial cultures or
microbiology.

Levels of antimicrobial peptides in nasal fluid

There was no statistically significant difference between the
vitamin D3 or placebo groups when nasal fluids were ana-
lysed for the presence of antimicrobial peptides (AMPSs).
Initially, the levels of both LL-37 and HNP1-3 tended to be
higher in the placebo group (see online supplementary
figure S3, panels A and B). However, after 12 months the
microbiological pattern was reversed and no primary
pathogens could be detected in nasal swabs from vitamin
D3treated patients (n=25, p=0.039; see online supplemen-
tary figure S4, panel C). The placebo-treated patients
exhibited the same mix between normal flora and primary
pathogens at all three sampling points (0, 6 and
12 months; see online supplementary figure S4, panel C).

SNP variants and treatment effect
Most genetic variants did not affect the primary end-
point. However, patients carrying the ‘AA’ genotype in
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Table 4 Microbiological findings
Number of findings (total)

Microorganism Vitamin D3 Placebo
Haemophilus influenzae 28 27
Moraxella catharralis 8 17
Streptococcus pneunoniae 7 6
Staphylococcus aureus 6 33
Enterobacteriacae 8 8
Pseudomonas aeruginosa 8 15
Fungal infection 1 53
Total 76 159

Number of patients

MW-U Vitamin D3 Placebo Fisher
p=0.46 10/62 13/62 p=0.64
p=0.39 7162 10/62 p=0.60
p=0.74 4/62 5/62 p=1.00
p=0.010 4/62 14/62 p=0.019
p=0.39 4/62 7162 p=0.53
p=0.68 3/62 4/62 p=1.00
p=0.028 4/62 12/62 p=0.058
p=0.023

Mann-Whitney U test was used to analyse the total number of findings, whereas Fisher’s exact test was used for analysis of the number of

patients (fraction) with a specific finding.

the CYP2RI-gene, encoding the 25-hydroxylase enzyme,
had a larger benefit of vitamin D3supplementation
(-55%) compared to AG or GG carriers (-6%) (n=124,
p=0.046 for interaction, see online supplementary
table S6).

Adverse events

In total, the vitamin D3 group reported 38 adverse
events (AEs) versus 56 AEs in the placebo group. The
most common symptoms in the treatment group were
headache (n=5) and lumbago (n=5), whereas placebo-
treated patients reported paresthesias (n=8), diverticu-
litis (n=4) and urinary tract infection (n=4) as most
frequent AEs (table 5, see online supplementary
table S7). There was a general trend towards the
number of adverse events being higher in the placebo
group. Significantly more patients in the placebo group
reported cardiovascular problems, such as heart failure,
hypertonia and thrombosis (p=0.028). For gastrointes-
tinal and other (non-respiratory) infections there was
also a trend favouring the vitamin D3 group (p=0.058
and 0.09, respectively). No clinically relevant changes

in serum levels of calcium, phosphate, creatine or

Table 5 Adverse events
Vitamin Placebo

Organ D3n (%) n (%) p Value
CNS 11 (29) 10(18) 1.00
Gastrointestinal 4(11) 12(21) 0.058
Cardiovascular 0(0) 6(11) 0.028
Infections (other than RTI) 2(5) 8(14) 0.09
Musculoskeletal 10 (26) 10 (18) 1.00
Respiratory (non-infectious) 2(5) 4(7) 0.68
Skin 5(13) 2(4) 0.44
Other 4(10) 4(7) 1.00
Total 38 56

Number of reports. Fisher's exact test was used for between
group comparison (the data are based on AE-reports from n=62
patients/arm).

CNS, central nervous system, RTI, respiratory tract infection.

Bergman P, Norlin A-C, Hansen S, etal. BMJ Open 2012;2:e001663. doi:10.

albumin could be observed (see online supplementary
figure S5). There was one severe adverse event in each
group (rabdomyosarcoma in the vitamin D3 group and
lung bleeding in the placebo group), both judged as
being unrelated to the study drug.

DISCUSSION
The main conclusion from this long-term RCT is that
vitamin D3 supplementation reduces the total burden of
respiratory tract infections. The primary endpoint was
composed of five different parameters that patients
recorded daily throughout the study year. All point esti-
mates favoured the vitamin D3 group and a statistically
significant effect was seen on both the total score and on
the probability of receiving antibiotics (p<0.05). The
effect on the infectious score was evident both in analysis
per-protocol and according to ITT, and withstood adjust-
ment for potential confounders. In addition, the number
of bacterial cultures and microbiological findings was sig-
nificandy reduced in the intervention group. These find-
ings are potentially important and support that Vitamin
D 3 supplementation may prevent respiratory tract infec-
tions and reduce antibiotic consumption, particularly in
patients with hypogammaglobulinaemia or with an
increased frequency of respiratory tract infections.
However, our study has several limitations: First, the
choice of primary endpoint may be questioned since it
relies solely on patient-reported information. To com-
pensate for inherent problems with patient-reported
data, the evaluation instrument was designed to cover
many aspects of an infectious episode, including various
symptoms as well as antibiotic consumption. Together
the reported data formed an ‘infectious score’, which
constituted the primary endpoint of the study. Similar
composite scores have successfully been applied to
different diseases, such as tuberculosis (TB-scorelf),
pneumonia (CURB-6517) and bacterial meningitis
(BMS-scorel8). Notably, vitamin D supplementation had
a major elfect on the odds of taking antibiotics during
the study period (a reduction by 63.5%). In addition,
the absolute number of days on antibiotics was reduced
by 50% (from 33 days in the placebo group to 16 days in

mjopen-2012-001663 7
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the intervention group), which was statistically signifi-
cant both in the adjusted and unadjusted analyses
(table 1). However, despite the relatively modest reduc-
tion for the other components of the primary endpoint
the overall infectious score was significantly reduced—
mainly as a result of the large effect on the antibiotic
parameter—both in the unadjusted and in the adjusted
analyses (table 1 and figure 2). It is important to inter-
pret the statistical significance in light of our power cal-
culation, which was based on a significance level of
p=0.02. In the power calculation, the significance level
was reduced from 0.05 to 0.02 in order to increase the
statistical power at the p=0.05 level. This approach was
incorrect, and the targeted power (at the p=0.05 level)
should instead have been increased without altering the
p-value threshold. However, we have used the widely
accepted significance level p=0.05 in the statistical ana-
lyses for both the primary and secondary endpoints,
respectively. Another potential problem was that the
patient population was very heterogeneous with regard
to immune deficiency and concomitant diseases. We
adjusted for these factors in the multivariable analyses of
the primary endpoint, but the sample sizes in each sub-
group were too small to draw any conclusions of effects
in specific disease groups. However, a detailed post
hoc analysis of the relation between immunological
diagnosis, concomitant lung disease and the secondary
endpoints ‘taken bacterial cultures’, ‘positive bacterial’
cultures and ‘microbiological findings’ was performed.
There was a clear trend that vitamin D-treated patients
with subclass deficiency and/or asthma produced fewer
bacterial cultures, fewer positive cultures and fewer
fungal cultures (see online supplementary tables S4 and
S5 and figure S3). Although this analysis may lack preci-
sion by the small number of patients included, it could
have clinical implications regarding target groups for
vitamin D3supplementation.

Nevertheless, our double-blind RCT has several
strengths. For example, we chose a high daily dose of
vitamin D3 based on published calculations on metabol-
ism and effects on immunity.14 190ther RCTs using lower
doses of vitamin D3, 400-2000 IU/day, have mainly been
negative with regard to the prevention of infections.20 21
However, one study using 1200 IU/day showed a signifi-
cant reduction of influenza among school children in
Japan.22 Notably, also studies using higher doses of
vitamin D3 have been negative. Martineau € al used
400 000 IU vitamin D3during 42 days (9523 IU/day) with
the aim of shortening time to sputum conversion in
tuberculosis. No significant effect on the primary end-
point could be observed in that study, except in a sub-
group with the ttgenotype in the VDR gene.Z3 A recent
study investigated whether 100 000 IU vitamin D3month
(3333 1U/day) could reduce the incidence of COPD
exacerbations. There was no significant effect on the
primary endpoint, although a post hoc analysis revealed
that patients with a low vitamin D3level at baseline had a
significant effect of vitamin D 3supplementation.4

Importantly, our study is the first to utilise high daily
doses for an extended period of one full year. Thus,
we covered all four seasons, which was important
in Sweden with a known seasonal variation in
25-hydroxyvitamin D3 levels.5 Two previous RCTs were
performed during the winter season—when vitamin D
levels are low—but only during 42 and 6 months,
respectively. Previous RCTs have been conducted
during shorter periods; 42 days,23 6weeksX) and
12 weeks,2l respectively. Interestingly, we observed a
clear time-dependent effect suggesting that a long-term
supplementation approach (>6 months) may be neces-
sary to affect immunity. To expand on the results of a
previous study in healthy individuals where no differ-
ence between the intervention and placebo groups was
observed,2l we chose a study population with frequent
RTIs and at least 42 days with infection during the year
prior to inclusion. Notably, patients in the study repre-
sent a selected group of individuals with frequent RTI,
although the immune disorders that they represent
(slgAD, IgG-subclass deficiency and patients with no
defined immune disorder) are generally mild in charac-
ter and dominated by mucosal RTIs. We also included
a small number of CVID-patients, which can be consid-
ered to be a more severe immune disorder, but all
these patients are treated with IgG replacement therapy
and thus well controlled. Hence, the results from this
study cannot directly be applied to the general healthy
population. Nevertheless, the results provide solid
support for additional interventional studies of vitamin
D3, especially in groups consuming large amounts of
antibiotics.

The mechanism of the observed effects remains
largely unknown. Vitamin D3 modulates the immune
response at many levels, such as induction of AMPs,
skewing of T-cells from Thl/Thl7 to Tregs as well as
general anti-inflammatory effects.14 Here, we investi-
gated the role of AMPs in nasal fluid. However, we could
not detect any significant changes of LL-37 or HNP1-3
during the study period, but noted that placebo-treated
patients tended to have higher levels of AMPs after
lyear of treatment. This was paralleled by a shift of the
microflora in the nasal compartment that could explain
the unexpected finding of higher AMP-levels in the
placebo group. Recently, it was shown that 1,25
(OH)2vitamin D3 induces both HNP1-3 and LL-37 in
nasal fluid of healthy volunteers,Z/ supporting that
LL-37 may indeed be induced in vivo. However, our
study design did not allow such conclusions but rather
support that vitamin D3 affect mucosal immunity,
leading to a shift of the microflora. Recently, we showed
that the bacterial composition in nasal swabs is an
important determinant of AMP-levels in nasal fluid.2

Given that vitamin D3induces LL-37 in epithelial cells
and that LL-37 kills bacteria in vitro, we expected a reduc-
tion of the classical bacterial pathogens H influenza,
M catharralis and S pneunoniain the intervention group.
However, the frequency of these bacteria was not reduced

8 Bergman P, Norlin A-C, Hansen S, etal. BMJ Open 2012;2:e001663. doi:10.1136/bmjopen-2012-001663
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but a reduction of S axreusand fungal species that often
colonise the airways was observed. This could be
explained by specific effects by vitamin D3 on immunity
against S arews. In fact, vitamin D3 induces human
|3-defensin-2 (HBD-2) with bactericidal activity against
S aras D A recent study showed that low vitamin D3
levels were associated with an increased risk of being colo-
nised by this bacterium.30 Further, vitamin D3 affects
immunity against C albicans, which indicates direct effects
of vitamin D3 on human immunity.3L Alternatively, it is
possible that vitamin D3 may have prevented symptomatic
viral infections, which prompted patients to leave a bac-
terial sample from the airways. Interestingly, there is both
mechanistic and clinical evidence that vitamin D3 can
prevent viral infections,32-34 although we did not address
this in the current study.

Notably, we observed a prominent increase in the
serum concentration of 25-hydroxyvitamin D3, which
indicated good compliance and tolerability of the study
drug. In fact, there was a trend towards adverse events
being reported more often in the placebo group, sug-
gesting that vitamin D3 possibly could be efficient
against other diseases, but this observation requires
further studies. No clinically relevant changes of blood
chemistry (calcium, phosphate, albumin or creatine)
were observed. Despite few adverse events and high tol-
erability, 16 exclusions occurred during the study year.
The main reason was problems to adhere to the proto-
col and 6/16 patients dropped out of the study after a
few weeks. The rest failed to send in the diaries, did not
leave blood for monitoring of safety parameters or did
not take the study drug. One patient was excluded based
on symptoms that could be attributed to vitamin D3
(facial paraesthesia). However, this patient was later con-
firmed to have been allocated to placebo.

In summary, we found that supplementation with
vitamin D3 reduced the total infectious score with 47
points per patient (23% reduction in the adjusted ana-
lysis) during the study year. The observed reduction was
lower than the assumed reduction of 70 points per
patient (predefined assumption: 210 points=>140 points;
a reduction of 30%) that formed the basis for the power
calculation. However, despite the predefined level of a
reduction of infectious score by 30% as a clinically mean-
ingful effect, we believe that effects lower than this also
could be relevant for the individual patient. We base this
line of reasoning on the fact that a reduction of 47 points
per patient can be translated into 47 days with cough
(47 points), 23 days with ear and sinus symptoms
(23x2=46 points) or 9 days with cough, sinus and ear
symptoms together with malaise and antibiotics (9x5=45
points). In addition, our data indicate that vitamin D3
supplementation reduces the odds of taking antibiotics
by approximately 60% in patients with frequent respira-
tory tract infections. Thus, supplementation with vitamin
D 3could provide a novel strategy to reduce antibiotic use
among high consumers and indirectly prevent the emer-
ging epidemic of bacterial resistance.

Bergman P, Norlin A-C, Hansen S, etal. BMJ Open 2012;2:e001663. doi:10.1136/bmjopen-2012-001663
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HOUSE BILL NO. 90
IN THE LEGISLATURE OF THE STATE OF ALASKA

TWENTY-EIGHTH LEGISLATURE - FIRST SESSION
BY REPRESENTATIVE SEATON

Introduced: 1/30/13
Referred: Health and Social Services, Finance

ABILL
FOR AN ACT ENTITLED
"An Act establishing a temporary program in the Department of Health and Social

Services for testing newborns for baseline vitamin D levels."

BE IT ENACTED BY THE LEGISLATURE OF THE STATE OF ALASKA:

* Section 1. The uncodified law of the State of Alaska is amended by adding a new section
to read:

NEWBORN TESTING PROGRAM FOR VITAMIN D; LEGISLATIVE FINDINGS.
(@) The legislature finds that multiple studies demonstrate a link between vitamin D
insufficiency in newborns and higher incidences of mental and physical health problems that
lead to higher costs of future medical, educational, and support services.

(b) Beginning on or before January 1, 2014, the Department of Health and Social
Services shall establish a 12-month statewide program for testing the vitamin D levels of
newborns at birth or as soon after birth as possible for the purpose of acquiring baseline
vitamin D levels of all newborns in the state during the testing period. The testing shall be

conducted, at no cost to a parent or guardian of the newborn, by or under the supervision of a
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health care professional licensed in the state who attends the delivery.
(c) The program established under this section must include a procedure for

(1) combining, to the extent feasible, the vitamin D testing with other newborn
or cord blood testing;

(2) ensuring testing complies with federal and state privacy laws;

(3) reporting test results to the department and to the parent or guardian of the
newborn; and

(4) permitting a mother of a newborn to refuse testing if seriologic testing is
contrary to the tenets or practice of the religious creed of the mother.

(d) The department shall contract with a laboratory that is affiliated with an accredited
university in the United States and that is conducting national clinical research on the subject
of newborn and prenatal vitamin D levels to provide laboratory and analytic services for the
samples collected under this section.

(e) In this section, "health care professional” means a physician, physician assistant,

midwife, or nurse.
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Alaska State Legislature

State Capitol, Room 102 270 W. Pioneer Avenue
Juneau, AK 99801 Suite B
Phone: 465-2689 Homer, AK 99603
Fax: 465-3472 Phone: 235-2921
Toll Free (800) 665-2689 Fax: 235-4008

Rep.Paul.Seaton@akleg.gov

Representative Paul Seaton
District 30

HB 90- Vitamin D Supplements
Sponsor Statement

Recent pediatric studies relating to vitamin D levels and infant development have added to
growing evidence of the importance of vitamin D sufficiency in areas such as language,
psychomotor, and mental development. These studies demonstrate an association between low
vitamin D levels in newborns and higher risks of mental and physical health problems. The
studies also connect vitamin D deficiency to several factors relevant to Alaska. Northern latitude,
skin pigmentation, and Alaskan’s predominantly long sleeve clothing may all lead to low levels in
our residents. HB 90 is a temporary law, establishing a year-long project to test Alaska’s
newbom vitamin D levels. The samples collected during the HB 90 testing period will be sent to
an accredited laboratory to provide testing and analytical services. By testing across the wide
spectmm of locations and population groups, we will gain insight into how our population is
affected by Alaska’s northern latitude and which subgroups are at a greater risk of vitamin D
deficiency. Understanding and targeting those at-risk Alaskans revealed by the study at the
newbom and neonatal level, when important brain development is occurring, could lead to future
savings in medical, educational, and support service costs. Depending on the Alaskan Newbom
results, demonstrated links between neural development and vitamin D levels may point to

vitamin D deficiency as a limiting factor in reaching our State’s educational goals.
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Nenana StudentLiving Centers Response to HJR 5:

Vitamin D supplementprogram & studentabsences

Dear Taneeka,

I have attached a sheet with the Vitamin D data from the Nenana Student Living Center. We
compared students who live at the Nenana Student Living Center that take Vitamin Dto
students who live there and don't have parental permission to take Vitamin D. This is the
first year we have done this. Students who take Vitamin D miss less days due to illness.

Ofthe 18 students who have parental permission to be given Vitamin D every day* this
year, we also compared the absences due to illness this year with their absences due to
illness last year, when we did not offer Vitamin Dto our kids. There were 8 students who
take Vitamin D this year that were also at the Nenana Student Living Center last year when
Vitamin Dwas not available to kids. Absences due to illness has improved for these kids as
well.

Ifyou have any questions about this data or ifyou can think ofany other kinds of
comparisons that might help, please let me know. Personally, Itake Vitamin D every day
and it sure seems like it helps me.

Please let Representative Seaton know that I will help him in any way | can.

Thanks,

Eric Gebhart, Superintendent
Nenana City School District
PO Box 10

Nenana, AK99760

*We give 1000 IU of Vitamin D, once a day.



NSLC - Vitamin D Data

Total NSLC student count: 68
Vitamin D participants: 18
Non-participants: 50

Participating Statistics
Absent days due to illness:

0 days - 40%

l1day-11%

2 days - 5%

3days - 11%

4 days - 17%

5days -11%

6 days - 5% [most days missed)

Total days absent by group:
38 days/ 1572 total
24 %

Non-Participating Statistics
Absent days due to illness:

0 days - 26%

1day - 14%
2 days - 16%
3 days - 8%
4 days - 14%
5 days - 8%
6 days - 2%
8 days - 4%
9 days - 2%

10 days - 4%
12 days - 2% [most days missed)

Total days absent by group:
145 days / 4517 total
3.2%

This data is based on the first 100 days of school for 2012-13. Transfer student data was
based on actual days in membership. This data was generated specifically for days absent
due to illness, and does not include absences for doctor's appointments, or other

appointments.

Comparison Data for Returning Student Participants

Number of Returning Students: 8
2011-12 Absent days due to illness:

0 days - 25%

2 days - 12.5%

3 days - 25%

4 days - 12.5%

7 days - 12.5%

13 days - 12.5% [most days missed)

Total days absent by group:
32 days / 1288 total
2.5%

2012-13 Absent days due to illness:

0 days - 62.5%
2 days - 12.5%
3 days -12.5%
4 days - 12.5% (most days missed)

Total days absent by group:
9 days / 800 total
1.1%

This data is based on 170 school days for 2011-12, and the first 100 days of 2012-13.






Emphasis marks and distributed by Representative Seaton

PEDIATRICS

OFFiC»At JOURNAI OF THE AMtRICFfN ACADEMY
Australia..

Language Impairment

Maternal Scrnra Vitamin D levels Baring Pregnancy and Offspring
Neurocognitive Development
Andrew J, O, Whitehou.se, Barbara J. Holt, Michael Serralha, Patrick G. Holt, Merci
M, H. Kssel and Pwe H. Hart
Perff<«riet2012;129;48S;.origit)al!yptJh(islscd online February 13,2012;
DOt: 10.1542/peds.20U-2644---- - —

The online version o fthis article, along with updated information and services, is
located on the World Wide Web at:
hMp://pcdiatrics.aappubttcattons.Brg/contcnt/I2W3/41iS.f»IMitntl

A
....... N Olln!{ﬂj

ni.blished, and tmdemadtcd by the American Academy of Pediatric™, 141 Northwest
Boulevard, Elk Grove Village, Illinois, 60007. Copyright© 2012 by fee American Academy
ofPediatrics. AlltjghS rested PrintISSN: 003J4GO5. Online ISSN; 10984275,

American Academy of Pediatrics ||

rillilCATEP TO THE. HEALTH O? MX CHItUMtT ~SIP £

HB 90 support implications, page 2 of 1



3 w i’ ot T mmii

Maternal Serum Vitamin O Levels During Pregnancy
and Offspring Neurocognitive Development

MTHISS: Andrewd o.vm%ma
BS; Mdrset Sarrelhe, BRFHTS, [

Merct hi H kecl, UfiS, *nif Pm & RD

pregnancy and grouped into quartiles, OHspring behawor wes measured
with the Child Behavior Checkist at 2. 8,10.14, and 17 years of age
(ti range ** 412-852). Receptive language wes assessed with the
Peabody Picture Vooabulery Test—Revised at ages 5 in m 534) and
10in* ears. Rawscoreswere convertedto standardized scores;
meorporalng cutoffs for clinically significant levels of difficulty.
analyses revealed Dsignircant associations between
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Figure 1 dataformat changed and notes added by Rei
Seaton From Whitehouse, A. (2012) Maternal Serum
Vitamin D Levels during pregnancy and offspring
neurocognitive development. Pediatrics 485-493

Age 5 Age 10 Age 5 Age 10 Age 5 Age 10 Age 5 Age 10
Quartile 1 Quartile 2 Quartile 3 Quartile 4

(15-46 nmol/L) (47-59 nm ol/t) (60-71 nm ol/l) (72-154 nmol/L) 1

(6-18 ng/ml) ... (19 - 23 ne/ml) (24-28 ne/ml) (29-61 ne/ml) | 1

M aternal 25{OH)-vitamin D concentration during pregnancy
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Figure 1 dataformat changed and notes added by Rep.
Seaton From Whitehouse, A. (2012) Maternal Serum
Vitamin D Levels during pregnancy and offspring
neurocognitive development. Pediatrics 485-493

13%
Age 5 Age 5
*
Quartile 1 Quartile 2
(15-46 nmol/L) (47-59 nmol/L)
(6-18 ng/ml) (19-23 ng/ml)

M aternal 25{OH)-v>tamtn

Age 5 Age 5

Quartile 3 Quartile 4
(60-71 nmol/L) (72-154 nmol/L)
(24-28 ng/ml) (29-61 ng/ml)

D concentration during pregnancy
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TABLE 1 Characteristics of Participants According to Maternal Circulating 25(0H)D 3

Concentrations in Pregnancy

Serum 25(QH)D3 Concentration P Value
Trend
<20 ng/mL 20-30 ng/m | >30 ng/mL
(n- 356) (n 574} (n = 890)
Area ofstudy
Valencia (39°N latitude) <.001
Sabadetl (41°N latitude)
Gtpuzkoa (42°N latitude)
Asturias (43°N latitude)
Child's gender (male) 7122
Birth weighted .688
Matey .004
Pari .053
460
.037
273
H Csé6
Over
Obese (a:
Smoking at .022
Alcohol during pregnancy (yes) .013

Values are percentagesfor categorical variables and mean (SO) for continuous variables.

118 90 SuPP°rt implications, 9-19
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Tho Journal of Nutrition j
Community and international Nutrition i

High Prevalence of Vitamin D Insufficiency in
Black and White Pregnant Women Residing in
the Northern United States and Their Neonates1

Lisa M. Bodnar,2'4* Hyagciv N . Sunhaoj2*4 Robert
and James M . Roberts2”

Powers,”4 Michael |

Frank,* Emily Goopcmtan,4

I Deputmfir of Ejadwrtioktsy, Vh1tray<d
Oaszslcs Gyaccal

gb tcadwrt* Ssfeoot:

>x<«&INiraLt,

Abstract

? TA]tm of
v, and Stepmllneuve Sciences, UnSwasrt? e f PiusburpJt School Autedicira Pittsbttrgb, PAM
Rjaggh PATREB

fn oiero or early-Sfe v&uwift P deficiencyjsassoristed with skeletal problems, type 1 diaaetes. endssfcfepphrama,buiihs
prevalence of vitamin D deficiency in U.S. pregnant womeft is un&xpfcied, We sought ess vitamsn D status ¢ f
pregpantwomen endtheirntamefasressfeg F&atarahbytsceand season $eo«w 25-hydro min0 8$P*8D*ws$
(EQred at A-2i wk ee$wliemar-KigrodeSivery in ZfiQwhite end 500-fcfaefcpregnantwenten and.& cord hfaod of thefe?
neooates. Over §0% of women usee preostat vfcatnk*. Women end neonates- ware classified as vitamin D deficient
[25J0HID <37-5 nmci/1?. insaffcaent|25fOK) D 37.5-8QnrooVLL or sufffeerrt [25(OHsO > SOnmoW-j. At. Gte&rary. vitamin
Driglka&ocy m j insijffidet"cv’ o"cufr&d in 232% and §4.1% of &&& wentor* and 45.6% end 46,8% black rm<%sies.
respectively. Five percent end 42.1% of white women and Q.7 % and SG.4%of white neonates were vitarrsn D Deficient
and~feufteiient rest”cfivry. Resets were sht?8ar al <22 wk gestation. After adjustment for prejxegntncy 3h8 and
perjconoecr&sr rmijltivttamin: use. blackwomen hads smaller moan flxm sn in maternal ZSfONIo capered w&hwhite
womenkernwsrrtefis summerfi 6.0 + 3.3nmdVLvs. 2&2 + 3,7 nmol/D andfrom spring to summer113.2+ 3,0 nmofel.
Vvs. 27.6 st 4.7 nmol/U <P< 0.01?. These results suggest that bfesk.end white pregnant women and neor*siesresiding in
the northern US are at high risk of vitamin D insufficiency, even when mothers, ere compliant with prenatal vitamins.

Ugher-ofcisesuppleifnerEhat’riis. neer’toiffrprcriferriafemal wxf oeonetrf vitarmr. 0 iRKritwr.

introduction

Rickets, once thought to have hesn nearly eradicated in the
United Ss»t*s>m the 1930s (JJ, has again becomea major public
health problem Several reports have been published describing
recent cases of rickets in infants* mosto f whom were black and
exclusively breastfed {2-5). The rccjpergeRceo f ricketsis thought
to he due tt>art epidemic u f vitamin. D deficiency in mothers and
children {6}. A newborn's vitamin D stores arc completely reliant
on vitamin D from the mother (TJ, Not surprisingly, poor roa-
tmtaivitaretmB statusdimitg pK*aaiicyis amajor riskfactorfor
infoortickets (8-20),

In addition to caustag. poor global mineralisation of the
skeleton, vitamin D deficiency has implications for numerous
othernca”kdetai health outcomes. In uteroo t early life vitamin
D deficiency has been Indeed to: an Increased risk of type J dia-
betes (11), asthma {22), and scMzophreaia (13,14), Fasdnaring
new data also show that vitamin 0 regulates placental develop-
mentand function {15), which suggeststhat maternal vitamin D

1$U#«* by $S"g»«S i>>G2POl HDBC=67ar,dSMO13RDOOSS. Dr. Boingr
wassuspendfeyl\EﬂgssmKOw MHC74G82. Des**4m LN

gfarts ROl HDOS1563 satf £31 HDBS2.7S2 The auftrrs co so? debars sey
caoffcxs of interest

* Towhom csjHsstorrisnce stemM be addressed. EmSS bOingO»aS;!tsAfeiv

0s2zzmts? $s.m ©230?*m & m Swsfciyf<#
>ajamicT W, fnir«!

J.Nutr, 137;.447-452,2037V

status may he associated with adverse outcomes o f pregnancy,
such as miscarriage, preedampsia, and preterm birth.
TI»cmostimportaw coerce of sitamio.D isthe skiaV «y«ritcsis
of the vitamin from UY B solar radiation {16}, Any process
that reduces UV B photons from entering the epidermis will
diminish cholcoafcifetol{wtaroinP-3} production. The skin pig-
ment raclanici absorbs UV B photons and can reduce vitamin
D-3 synthesis by >90% (17). Consequently, African. Americans

"are ur high risk of vitaimn D deficiency. The most recent data

from the National Health and. Nutririon Exanricatipn Survey
(1.9S&-1994J indicated that vitamin. D dcifidency {254xydroxy-i
vitamin.D [25(OH)D] & $ 7 s urnohl.)wasprev*jcotin 42% ofblad:
cfwidhearing-aged women, and only 4% of white ehildbearing-
«g*24womenrcri*og.thrnughciut the thured States (18). Vita.min
P status is also worsened in winter months (November through.

pj

March), when, atfarihn” above 37", lessUV B radiaricmreaches y £

the <-imh andlittle ornomamin P caB be-sstothesfe»dinthe skin
(17,19). Indeed, vitantin D dcfiiricncy tn 1Ji. childbearing®aged
women was more than 3 rimes ascommon in winterthan sum-
mer in both hkdfes and whites (18)-

Dcspite the striking raaal rfispaEsty in vitamin D dericiencj’
and the -strong influence of season, there are few recent fervcs-
tigations into the vitamin I) status of U.S. black and white
pregnantwomen and their nexmaies throaghout the. year, Given

HB 90 support Implications, 11-19
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TABLE 2

4—21 wk gestation
Serum 25(0H)D,2 nmol/L

Vitamin D status. %
Deficient: 25(0H)D <37.5 nmol/L
Insufficient: 25(0H)D 37.5—80 nmol/L
Sufficient: 25(0H)D >80 nmol/L

37—42 wk gestation
Serum 25(0H}D, nmol/L

Vitamin D status, %
"Deficient: 25{0H)D <37.5 nmol/L
Insufficient: 25{0H)D 37.5—80 nmol/L
Sufficient: 25{0H)D >80 nmol/L

Cord blood
Serum 25(0H)D, nmol/L

Vitamin D status, %
Deficient: 25(0H)D <37.5 nmol/L
Jnsufficient: 25(0H)D 37.5—80 nmol/L
Sufficient: 25(0H)D >80 nmol/L

1Values are geometric means [95% CI] or %.

White women,

n= 200

73.1 (69.4, 76.9}

6CL3.
37.3

80.4 (76.0. 85.1)

67.4(63.8,71.9)

9
56.4
33.9

* Different from white women,

Black women,
n= 200

40.2 (37.9, 42.7)

44.9’
51.0
4.1

49.4 (46.1,
29.2’
54.1
16.7

39.0(36.3,41.8)*

45.6°
46.8
7.6

52.9)*

Vitamin D status of white and black pregnantwomen
and theirneonatest

«n

e(l

P <

0.001 (student's ftest); **different from white women, P < 0.00Il (chi-square test).

Log-transformed to ensure normality.
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Biology and W ildlife

902 N. Koyukuk Dr., 211 Irvins |
UNIVERSITY OF ALASKA P.O. Box 756100, Fairbanks, Alaska 99775-6100
FAIRBANKS (907) 474-7671, fax (907) 474-6716

To:  Representative Paul Seaton
State of Alaska Legislature

Re:  Written Testimony in Support of HB 90
Date: 18 February 2013

Dear Representative Seaton,

As | am unable to attend the first hearing of HB 90 entitled “An Act establishing a temporary program in
the Department of Health and Social Services for testing newborns for baseline vitamin D levels”, | am
hereby providing you with written testimony in support of HB 90.

I am a behavioral neuroscientist at the University of Alaska Fairbanks with research experience in animal
behavior, behavioral genetics, biological rhythms, and compulsive-like behaviors. | also teach and have
taught courses in animal physiology, neuroscience, and human anatomy and physiology.

I have great interest in vitamin D and its functions, as it has been implicated in many aspects of human
health, which | stress in the human anatomy and physiology classes | teach. Vitamin D’s traditional
function has to do with absorption of calcium in the digestive tract and consequent bone health.1 For
example, deficiencies in vitamin D can result in reduced fetal bone growth2, while treatment with vitamin
D can cure rickets, a severe bone deficiency, in infants.3

The evidence that vitamin D plays important roles in other physiological processes in humans is
accumulating rapidly.4 For example, deficiencies in Vitamin D have been correlated with decreased
immune functions hyper parathyroidismg and increased risks of cancer?, dental caries§ respiratory
infections91] eczemall, lower birth weight and head circumferencel? and multiple sclerosis (MS).13

Many of these conditions are prevalent in Alaska.14 In addition and directly relevant to HB 90, newborns
have been found to be deficient in vitamin D from Chinal2 to Scotlandis and the USAG potentially
exposing them to higher risks for developing these conditions. These studies were done at lower latitudes
than Alaska. Consequently, newborns in Alaska may have even more severe deficiencies in vitamin D
due to sun exposure that is insufficient during 8-9 months of the year to produce vitamin D in the skin

Importantly, vitamin D deficiency also has been correlated with decreased mental and psychomotor
functionsi7and language impairment.18 What if severe deficiencies in vitamin D might explain some of
the academic impairments seen in Alaska’s schools? Unfortunately, I am not aware of any studies that
have measured vitamin D in Alaska newborns. Therefore, | strongly support your efforts to pass SB 90
during this legislative session to obtain crucial base line data on vitamin D levels in Alaska’s newborns.

I hope that you will encourage your colleagues to ensure that Alaskans do the analysis of the data and that
you will ask faculty at the University of Alaska to do this as a paid service to the State of Alaska.

Respectfully,

Abel Bult-Ito, Ph.D.

Professor of Neurobiology
University of Alaska Fairbanks
Phone: 907-978-2169

Email: abultito@alaska.edu

A
UNIVERSITY OF ALASKA FAIRBANKS
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For Paul Seaton

Re: HB90

Written testimony re: HB 90

As a long-time practicing physician in Homer, 1would like to share my experience on the use of
Vitamin Dina full scope "rural" family Practice over the last 7 years. | was first introduced to Vitamin D8
years ago through the work of John Cannell, MD ofthe Vitamin D Council and have investigated many of
his claims by reading some ofthe extensive scientific literature that he provides on his website,
originating as early asthe 1920s. | would also agree with his comments that we should truly consider
Vitamin D a hormone, rather than avitamin, based on its mechanism of action.

Our annual health fair began voluntary testing for Vitamin D several years ago and it was clear
that the great majority of those tested were markedly deficient in vitamin D. While reviewing those
results, | could correlate reported self-supplementation with Vitamin D with those results and it became
clear that those that were supplementing at a level of 5000 IU a day were very likely to have an
adequate level, with a declining dose dependent correlation. Atthat time we began to recommend that
level of supplementation to all patients during their annual visits. In the years since, most patients have
been very appreciative of that advice with anecdotal reports that they feel better, are less depressed
and have had less respiratory infections in that time. From a personal standpoint, at the same level of
supplementation, despite my exposure to every illness in the community, | have had much less lost time
to illness than in previous years. This has been independently confirmed by a community Health Aide in
Northwest Alaska who has reported a marked decrease in community illness with village
supplementation of Vitamin D.

Our next step was to begin supplementation of Vitamin Dto all our pregnant patients at a level
of 5000 units aday. We believe in this so strongly, given all the new clinical associations of beneficial
neonatal outcomes, we provide the Vitamin D for free to our patients. | can remember, years ago,
being taught that Vitamin D was not available in breast milk and that babies could get all the Vitamin D
they needed from 20 minutes of exposure of their cheeks to the sun each day. It now turns out that the
reason there is no Vitamin D in breast milk is because most women are severely deficient in their levels,
and that babies need more than just Alaskan sun exposure to getto the appropriate new levels, with the
subsequent benefits alluded to above. We are now asking all parents to supplement their children of

any age.

As this information | have presented is all truly anecdotal, | very much welcome the chance to
see the results of HB 90 and actually quantitate the Vitamin D levels in our newborns. Assuming that the
suppositions we are making about Vitamin D will continue to be borne out, and they currently seem to



be, the administration of Vitamin Dto our children, at appropriate levels could well turn out to be
ofthe most critical and cost effective interventions that we can make in this state.

William H Bell MD

Homer, AK.



Taneeka Hansen

Q rom: Heaney, Robert P. <rpheaney@creighton.edu>
Sent Thursday, February 07, 2013 11:23 AM
To: Rep. Paul Seaton
Cc: Taneeka Hansen
Subject: HB 90
Categories: Vitamin D

Dear Representative Seaton:

This is to indicate my enthusiastic support for HB 90, which you have introduced into the Twenty-eighth
Legislature-First Session. It should provide accurate information on the vitamin D status o f newborns in
Alaska, anecessary first step in defining whether there is a problem o finadequate vitamin D status, and if so,
what its magnitude may be.

The first year o flife is a critical period for newborns, as many o fthe body systems are being programmed at
thattime for their function throughoutlife. There is alarge body o f persuasive evidence indicating that low
vitamin D status during this period can have ramifications on the body’simmune system, the developmento f
chronic diseases such as diabetes, learning and language disabilities, and even serious mental disorders such as
schizophrenia.

The bill wisely restricts the program to a single year, which should be sufficientto allow the State to define its
AMyitam in D status, while keeping the costs relatively low.

Please call on me if | can provide further information or support. | truly believe that Alaska is setting the pace
for the other 49 states, and | heartily applaud this effort

Bestregards,

Robert P. Heaney, M .D.
John A. Creighton University Professor & Professor o fMedicine
Creighton University j www.creiihton.edu
phone: 402.280.40291fax: 402.280.4751 (email: ip>heaneyMcreiahton.edu

2500 California Plaza, Omaha, Nebraska 68178
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O O O
POTENTIAL IMPLICATIONS FOR ALASKA

Ifwe assume that Alaska has the same distribution of vitamin D levels as Perth, Australia....

And if every child was then raised to the level of Quartile 4 (29-61 ng/ml) where the rate of moderate-
severe language impairment is approximately 3%...

Then, from an Alaskan birth population of 10,000 a year, raising the vitamin D level to above 30 ng/ml
could mean 400 fewer children PEI'YEal entering kindergarten with moderate to severe language
impairment.

Moderate-Severe
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£
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1 Aeeb5 Age 5 Age5 Age5 |
Quartile 1 Quartile 2 Quartile 3 Quartile 4

(15-46 nmol/L) (47-59 nmol/l) (60-71 nmol/L) (72-154 nmol/L)
(6-18ng/ml) (19 - 28 ng/ml| (24 - 28 ng/m) (29-61 ng/ml)

Maternal 25[OH)-vitamin D concentration during pregnancy
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Analysis of Vitamin D Supplementation Studies

The first part o fthis paper w ill address the study related to military suicides and vitamin D that
was noted in the House Finance Budget Subcommittee for Health and Social Services hearing on
January 22, 2013. The second part will address other studies and the overall issue o fthe potential
benefits of Vitamin D supplementation.

Part 1. Vitamin D and Suicide

Dr. Ward Hurlburt, ChiefMedical Officer, reviewed the article in question. On January 4, 2013 a
study titled “Low Vitamin D Status and Suicide: A Case-Control Study ofActive Duty Military
Service Members” was published in PLOS ONE. As noted in the title, this report is of a case-
control type study. This means that a cohort of individuals who had experienced the outcome
(completed suicide in this case) are compared to a group who had not experienced this outcome.
Case-control studies, while not providing as high grade evidence as a prospective blinded
randomized comparison, do often provide useful information and have the potential to be more
reliable than some other kinds ofevidence, such as expert opinion or expert consensus
conferences. We appreciate this study being brought to our attention.

POLS ONE is one ofthe newer on line journals that seeks to publish relevant research in a
timely manner and provides an opportunity for peer review ofthe submitted articles. PLOS
ONE is an open-accessjournal and authors pay a fee to have their articles published. The lead
author o fthe study was John C. Umhau, MD, a Senior Clinical Investigator at the National
Institute on Alcohol Abuse and Alcoholism, National Institutes of Health. No conflicts of interest
were disclosed, but the authors noted that Dr. John Cannell provided insightful discussions
regarding vitamin D. While not listed as an author ofthe article, Dr. Canned is one ofthe early
and active leaders advocating for the benefits ofvitamin D supplementation. Separately in a
review Dr. Canned stated that Dr. Umhau has been engaged with the vitamin D advocacy
community since 2007.

As is typical o f a case-control type study there was and normally is an attempt to match the two
groups in terms of age, gender, and other factors (including rank in this study). The two groups
contained 495 individuals each. The suicide group was those who committed suicide between
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2002 and 2008 and who had had their blood sampled within 24 months ofdeath. A sample of
plasma for the individuals in the comparison groups had been maintained by the Department of
Defense and was available for analysis for vitamin D levels.

The individuals in this study were divided into “octiles” based on the vitamin D level oftheir
stored plasma. The lowest “octile” had vitamin D levels of less than 15.5ng/ml. The highest
“octile” had vitamin D levels above 36 ng/ml. The number o fthose with completed suicides in
each “octile” was compared to the number in the control group. There was a statistically
significant difference in the ratio o f those who had committed suicide in the lowest “octile”
compared to the aggregate ofthe other seven “octiles” .

The selection ofthese “octiles” and the levels o f plasma vitamin D are at the discretion of the
author. This does not reflect acommon practice in the scientific community. One ofthe things
one looks for in analyzing a scientific article is how the authors break their groups down.
Creative manipulation of grouping of study subjects can facilitate apparent support for desired
results. With the authors having selected an “octile” breakdown it is of interest that there is not a
significant difference between the completed suicide rate for “octile one” (the lowest vitamin D
levels) and “octile six” (the third highest vitamin D levels). There would be little disagreement
that avitamin D level of< 15.5ng/ml is on the low side. It is of interest that Figure 1ofthe
article demonstrates no progression of reduction in completed suicide rate with increasing
“octile” ofthe comparison group. The eighth (highest) “octile” has a suicide rate just mid range
of octiles two through seven. In the comparison ofthe 495 suicide completers and the 495
individuals in the control group, the average plasma vitamin D level was almost identical (24.5
ng/ml in the suicide group and 24.8 ng/ml in the control group), as noted in Table 1 ofthe article.

As described above, the 990 individuals studied were broken down into “octiles” with the eighth
octile being those with aplasma vitamin D ofmore than 36 ng/ml. GrassrootsHealth is “A
Consortium of Scientists, Institutions, and Individuals Committed to Solving the Worldwide
Vitamin D Deficiency Epidemic”. They state: “The important thing is to achieve and maintain a
range of40 - 60 ng/ml” of plasma vitamin D.

We appreciate this study being brought to our attention. We believe the methodology used to
analyze the data is flawed and that the lack of differences in Vitamin D levels between the
suicide and control groups does not suggest an association between Vitamin D deficiency and
suicide - much less a causal relationship.

Part 2. Other Vitamin D Studies

Many articles continue to be published related to vitamin D, afew ofwhich committee members
have shared with the Department of Health and Social Services. Two years ago the department
had the opportunity to review both atext supporting the claims for widespread benefits to be
derived from high doses o fvitamin D supplementation and a flash drive from a conference held
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at UCSD that was shared by a committee member. Presenters claimed that 99% of colon cancer
and 80% o f breast cancer could be prevented by having plasma vitamin D levels 0f40 - 50
ng/ml. A wide array of other perceived potential benefits included dramatic reductions in the
incidence of multiple sclerosis, diabetes, other cancers, cardiovascular disease, hypertension,
toxemia ofpregnancy - and many more. There is general consensus that vitamin D deficiency is
related to rickets, osteomalacia, fractures and falls in the elderly, and some uncommon
genetically determined bone diseases. There is disagreement regarding what is a “normal” serum
vitamin D level and what is an appropriate supplemental dose.

Below are some quotes from entities such as the Institute of Medicine and its taskforces, the US
Preventive Services Task Force, The Agency for Healthcare Research and Quality, the National
Institutes of Health, and private entities that evaluate the quality of evidence such as the
Cochrane Collaborative and Hayes.

1. Agency for Healthcare Research and Quality

a. “Analyses of Third National Health and N utrition Survey (NHANES I1I1) showed
no significant association between baseline serum 25(0OH)D concentrations and
total cancer mortality” .

b. “..no significant association between serum 25(OH)D concentrations and
cardiovascular death, myocardial infarction, or stroke”.

2. Institute of Medicine

a. From Harvard Health Publications - the conclusion ofthe four page summary of
the book length report- “ Scientific evidence indicates that calcium and vitamin D
play key roles in bone health. The current evidence, however, does not support
other benefits for vitamin D or calcium intake. However, the committee
emphasizes that with few exceptions all North Americans are receiving enough
calcium and vitamin D. Higher levels have not been shown to confer greater
benefits, and in fact, they have been linked to other health problems, challenging
the concept the ‘more is better'”.

b. “Vitamin D proponents have also said the goal for blood levels should be
30ng/ml. The IOM panel says levels that high are not associated with any health
benefit and ads that levels above 50ng/ml ‘may be reason for concern’”.

3. National Institutes of Health (Office of Dietary Supplements)

a. “Perhaps surprisingly, geographic latitude does not consistently predict average
serum 25(OH)D levels in apopulation. Ample opportunities exist to form
vitamin D (and store it in the liver and fat) from exposure to sunlight during
spring, summer, and fall months even in the far north latitudes” .

b. “Taken together, however, studies to date do not support arole for vitamin D,
with or without calcium, in reducing the risk of cancer”.

c. “One meta-analysis found use ofvitamin D to be associated with a statistically
significant reduction in overall mortality from any cause, but a reanalysis ofthe
data found no association.

d. “Vitamin D toxicity can cause non-specific symptoms such as anorexia, weight
loss, polyuria, and heart arrhythmias. More seriously it can also raise blood levels
of calcium which leads to vascular and tissue calcification, with subsequent
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damage to the heart, blood vessels, and kidneys”, “...concluded that serum
25(OH)D levels above 50-60 ng/ml should be avoided, as even lower serum
levels 0f30 - 48 ng/ml are associated with increases in an all cause mortality,
greater risk of cancer at some sites like the pancreas, greater risk of cardiovascular
events, and more falls and fractures among the elderly” .

4. Cochrane Summary

a. “The review authors suggest that until further high level evidence is available,
clinicians should continue to follow local guidelines in people with MS.
However, the question of safety and effectiveness ofvitamin D in people of MS
remains unanswered” .

5. U SPreventive Services Task Force (From draft recommendations related to Vitamin D
and Calcium Supplementation to Prevent Cancer and Osteoporotic Fractures in
Adults:..."”)

a. “During the 7 years ofthe trial, total cancer incidence and cancer mortality did
not significantly differ between women in the intervention and placebo groups.
Incidence and mortality rates o f colorectal and invasive breast cancer there
were no statistically significant differences between intervention and control
group rates of these types of cancer”.

b. The summary o fthe draft recommendation from the USPSTF is that there is
insufficient (1) evidence to assess the benefits and harms o f vitamin D
supplementation.... for the primary prevention of cancer in adults. The summary
goes on to say in a“D” recommendation that they recommend against daily
supplementation with 400 IU or less ofvitamin D and 1000 mg calcium for the
primary prevention offractures in non-institutionalized postmenopausal women.

c. In aseparate communication the USPSTF recommends that vitamin D is effective
in preventing falls in community dwelling adults aged 65 or older who are at
increased risk for falls (B recommendation).

What these reports indicate is that the vast number of Vitamin D studies analyzed by these
agencies do not support the value of higher vitamin D levels in the pathophysiology of disease
states outside of bone health. Observational studies such as the ones referenced here are valuable
for directing future research priorities, but not for establishing causation. One ofthe important
reasons for this is that observational studies are, by design, subject to a number of important
biases and other limitations. It is important to be vigilant notto overstate the science in any
way. The Department is interested to learn more ofvitamin D research findings over time, and
we look forward to future collaboration with the Legislature on this important matter.
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Abstract The function and requirement of vitamin D
during pregnancy for both mother and fetus have remained
a mystery. This fact was highlighted by The Cochrane
Review in 2000, which reported a lack of randomized
controlled trials (RCTs) with respect to vitamin D
requirements during pregnancy. Unfortunately, during the
past decade only a single RCT has been performed with
respect to vitamin D requirements during pregnancy. In this
review we will discuss vitamin D metabolism during
pregnancy as well as the consequences of vitamin D defi-
ciency on skeletal, nonskeletal, and birth outcomes using
birth observational data and data from our recent RCT.
New RCT data strongly support previous observational
studies in that improving nutritional vitamin D status will
improve birth outcomes. The new RCT data indicate that
4,000 IU/day vitamin D3 during pregnancy will “normal-
ize” vitamin D metabolism and improve birth outcomes
including primary cesarean section and comorbidities of
pregnancy with no risk of side effects.

Keywords Vitamin D ¢ Bone ¢ Pregnancy ¢
Birth outcome e Infant « 25-Hydroxyvitamin D

The current dietary recommendation for vitamin D during
pregnancy remains archaic for a simple reason: fear of
vitamin D toxicity [1]. To understand this statement, it is
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important to look at the history surrounding vitamin D
during pregnancy. In 1947, Dr. E. Obermer [2] presented
evidence that pregnant women required several thousand
international units (IUs) of vitamin D daily during preg-
nancy. This recommendation had barely “seen the light of
day” before vitamin D was erroneously associated with
causing supravalvular aortic stenosis syndrome during
pregnancy [3-6]. Thus, vitamin D was viewed as terato-
genic to the developing fetus during pregnancy, and in
response, the medical profession adhered to the largely
insignificant 200 1U/day dosing recommendation for adults
put forth by the Forbes committee in 1963 [7], Sadly, at
present, a similarly low recommendation largely remains in
force as highlighted in the recent Institute of Medicine
(IOM) document [8], although a more recent recommen-
dation by the Endocrine Society, recommends higher
dosing that takes into account the emerging data sur-
rounding vitamin D’s effect on nonskeletal functions [9]. It
should be noted that the 1OM report is a guide for food
manufacturers, while the Endocrine Society report is a
guide for the clinical care of patients.

Why are the recommendations between the 10OM report
and the Endocrine Society report so divergent? The answer is
simple: the IOM report refused to make any recommenda-
tion not based on arandomized controlled trial (RCT), while
the Endocrine Society used a vast combination of all avail-
able data including observational trials [9]. In this review, we
investigate all avenues of data to derive conclusions.

What Constitutes a “Normal” Level of Circulating
25-Hydroxyvitamin D during Pregnancy?

If we go way back to human origins in Africa, vitamin D
would never be considered a nutrient. During almost all of
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human evolution, vitamin D was derived from solar
exposure of the skin. Our human ancestors migrated out of
Africa approximately 50,000 years ago to more northern
latitudes, and thus, the intensity and duration of solar
exposure decreased. A critical point of solar vitamin D
generation occurred about 10,000 years ago in Europe
when a gene controlling skin pigmentation mutated. This
mutation decreased human skin pigmentation and allowed
more efficient use of the limited sun exposure available at
these northern latitudes [10]. If we progress ahead to the
present, we are faced with clothing and other civilized
customs that restrict solar exposure of the skin. Thus, now
vitamin D truly becomes a vitamin because almost all of us
now must obtain it from our diet. There is only one minor
problem: vitamin D really does not exist in our food supply
to any significant degree. As a result, we now must rely on
supplementation to achieve our needs, and herein lies the
problem.

Until the 1990s, the criterion for appropriate vitamin D
nutrition was simply the absence of overt rickets or
osteomalacia [7]. To deal with this problem, the IOM in
1997 recommended that infants and adults receive 400 and
200 IU/day vitamin D, respectively [11], That dose elimi-
nated rickets in children, but the effect of the adult dose
remains a mystery as we do know that a 200 1U/day dose
will not increase circulating 25-hydroxyvitamin D
(25[OH]D) in adults [12]. Remember, in 1963 we had no
idea that vitamin D underwent further metabolism in the
human body. As it was discovered that vitamin D was
metabolized to more active compounds in the late 1960s,
important information began to emerge [13, 14].

In 1971, Haddad and Chyu [15] discovered that
25(0H)D circulated in “normal” adults at about 68 nmol.
“Normal” for this study was described as anyone not
demonstrating an overt affliction. This study also measured
25(0OH)D levels in lifeguards, whose levels were shown to
be approximately 175 nmol [15]. So, why not define the
lifeguards as “normal” for circulating 25(OH)D and try to
achieve those circulating levels of 25(OH)D in other
humans? The answer is quite simple: 8 years earlier, the
Blumberg report recommended only 200 1U/day vitamin D
[7]; since 200 IU/day will put humans nowhere near
175 nmol circulating 25(0OH)D, nature must be wrong. In
1971, we did not know how much vitamin D3 was pro-
duced by solar exposure; however, that data were forth-
coming [16]. As it turns out, unencumbered natural sun
exposure to humans can generate thousands of IUs of
vitamin D3 in a short period of time [17]. Of course, these
data did not agree with the Blumberg report of 1963, so
their relevance was largely ignored.

The misinformation about vitamin D dosing in humans
was just beginning. As mentioned earlier, in 1997, the IOM
released a report that reaffirmed the vitamin D requirement
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for adults as 200 IU/day [11]. Worse, that committee also
stated that humans can consume only 2,000 1U/day vitamin
D for toxicity reasons [11], Forget the fact that nature
allows us to naturally produce 10,000-20,000 IU/day
vitamin D3 from modest solar exposure [17]. Again, nature
must be in error. Thus, not only did medical societies
accept that low circulating levels of 25(OH)D were “nor-
mal” but the premise was that we now “know” that even
modest levels of dietary vitamin D, by natural synthesis
standards, can harm you. So what is the truth?

To establish a more encompassing answer about “nor-
mal” human levels of circulating 25(OH)D or true vitamin
D requirements, let us forget for a moment about the ori-
ginal 1963 Blumberg report [7] with respect to adults and
the 1997 IOM toxicity report [11]. Let us return to the
levels of circulating 25(OH)D in humans living in their
original environment—tribal Africa. We have known for
decades that sun-exposed humans in North America can
attain high (250 nmol) circulating 25(OH)D [15]. We have
also known for decades that nonhuman primates living in
the wild possess circulating 25(OH)D levels up to
1,250 nmol/L [18]. Yet, this last point has been dismissed
because they are not human. How about tribal, nomadic
Africans? A new publication and data provide us clear
answers to this question [19] (M. Luxwolda, personal
communication).

Luxwolda et al. [19] clearly demonstrated that native
tribal Africans achieve an average circulating 25(0OH)D
level of 115 nmol. But how about during pregnancy?
Surely, nature would not allow such levels to occur since
the recent IOM report states that such levels would be
dangerous to the mother and fetus [8]. It appears that nature
did not adhere to the IOM report because the recent study
data demonstrates that pregnant women from different
native tribes in Africa achieve an average circulating
25(0OH)D level of 150 nmol/L throughout pregnancy. How
do these natural levels compare with levels of 25(OH)D
attained in oral supplementation studies in northern lati-
tudes? In our recent RCT, pregnant women receiving
4,000 IU/day vitamin D3 attained an average circulating
25(0OH)D level of 111 nmol [1], well below the 150 nmol/
L in a natural environment (M. Luxwolda, personal com-
munication). This means that in a natural state, in which
humans have evolved for more than 1 million years, nature
has supplied many times the daily vitamin D recommended
by Blumberg et al. [7] or the IOM [8, 11]. Our conclusion
is that during pregnancy women should have a circulating
25(0OH)D level in excess of 100 nmol/L; however, one
achieves it, be it solar exposure and/or diet.

Finally, a comment on the upper safe intake limit (UL)
for vitamin D during pregnancy, or anyone for that matter,
deserves some attention. The practice of perpetuating a
scientific myth has no better example than the toxicity
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“myth” of vitamin D. This process for vitamin D has been
eloquently documented by Vieth [12]; however, one par-
ticular point deserves to be highlighted for the harm it has
caused. In 1997, the IOM committee on vitamin D and
calcium decided to set a UL for vitamin D [11], The intent
was noble, but the result was a disaster because it was
based on a single obscure study that today is regarded as
invalid [20]. This resulted in setting the UL for vitamin D
at 2,000 IU/day, which crippled clinical vitamin D trials
for more than a decade. Why? It is because institutional
review boards (IRBs) would not approve vitamin D studies
that exceeded that intake. For example, to conduct our
vitamin D pregnancy and lactation trials in 2003 [1], we
had to write a full investigational dmg application to obtain
an investigational new dmg (IND) number from the U.S.
Food and Dmg Administration (FDA). One would think
that back in 1997 the IOM committee would have asked the
following question: if humans can endogenously produce
10,000-20,000 IU vitamin D3day from natural sun expo-
sure, how can an oral dose of 2,000 IU/day be of any
harm? This same question should also have occurred to the
2010 1IOM committee when they set the UL at 4,000 1U/
day [8]. There is hope, however, because the 2011 Endo-
crine Society recommendation apparently did take all this
into account when they assigned a 10,000 1U/day UL [9].

B. W. Hollis and C. L. Wagner: Vitamin D and Pregnancy
RCT of Vitamin D Supplementation during Pregnancy

Table 1 lists all of the RCTs with respect to vitamin D
supplementation during pregnancy. There are some stark
realities here. First, all but one was performed more than
25 years ago, primarily using vitamin D2 as a supplement.
Second, except for the Hollis et al. [1] study, all the trials
used supplemental levels of vitamin D that had limited
impact on rising circulating 25(OH)D levels. Finally, all
the studies except that of Hollis et al. [1] were small and
collected limited data; thus, conclusions are very difficult
to extract.

A brief history of the older studies is described here.
Initial vitamin D supplementation studies during pregnancy
were carried out in the early 1980s. Brooke et al. [21], who
studied British mothers of Asian descent, found a greater
incidence of small-for-gestational-age (SGA) infants bom
to mothers who received placebo than for mothers who
received 1,000 IU (25 pg) vitamin D2day during the final
trimester of pregnancy. Neonates in the placebo group also
had a greater fontanelle area than did the supplemented
group. It must be noted that the placebo group in this study
showed profound hypovitaminosis D. Follow-up studies by
Brooke et al. [22] were conducted in Asian mothers who
again were provided with either placebo or 1,000 IU

Table 1 Summary of RCT vitamin D supplementation studies during pregnancy

Reference Number of subjects Vitamin D dose
(1U/day)

Brooke et al. [21]a 67 Control 0

59 Supplemented 1,000 d 2
Cockbum et al. [23] 82 Control 0

82 Supplemented 400 D2
Brooke et al. [22] 67 Control 0

59 Supplemented 1,000 d 2
Maxwell et al. [24] 67 Control 0

59 Supplemented 1,000 d 2
Marya et al. [96] 75 Control 0

25 Supplemented 1,200 D2
Delvin et al. [97] 15 Control 0

15 Supplemented 1,000 d 3
Mallet et al. [28] 27 Control 0

21 Supplemented 1,000 d 2
Hollis et al. [I]1b 111 Supplemented 400 D3

122 Supplemented 2,000 D3

117 Supplemented 4,000 D3

Therapy duration Initial 25(0OH)D End-point 25(0OH)D

(months) (nmol/L) (nmol/L)
3 16.3

3 20.0 168.0

4 325

4 39.0 42.8

3

3 - -

3

3 20.0

3 - -

3 - -

3 17.5 (cord)

3 - 45.0 (cord)
3 9.5

3 - 25.3

6 61.5 79.0

6 58.3 98.3

6 58.3 111.0

a Itis very likely that the wrong dose of supplementation was given or the assay for 25(OH)D was invalid. The response observed is one that
would be expected after supplementation with 10,000 IU/day vitamin D3 for 3 months [22]

b Itis important to note that the earlier studies, with the exception of Hollis et al. [1], were conducted with the control group receiving 0 1U
vitamin D/day. Since the standard of care for the past three decades in the United States is to give pregnant women 400 IU vitamin D/day
included in the prenatal vitamin, it would be unethical to conduct a vitamin D supplementation trial involving pregnant women in the United
States today with 0 IU vitamin D/day. Therefore, 400 IU vitamin D/day is the control group
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vitamin D2/day during the last trimester of pregnancy. The
follow-up data provided evidence that, during the first year
of life, the infants of the maternal placebo group gained
less weight and had a lower rate of linear growth than did
the infants of the maternal supplemented group.

Cockbum et al. [23] undertook a large vitamin D sup-
plementation study of >1,000 pregnant subjects in the
United Kingdom who were supplemented with 400 IU
(10 pg) vitamin D2/day or received a placebo from week
12 of gestation onward. At this level of supplementation,
serum concentrations of 25(OH)D in the supplemented
group were only slightly higher than those in the placebo
group. A defect in dental enamel formation was observed
in a higher proportion of the children at 3 years of age in
the maternal placebo group. Maxwell et al. [24] conducted
a double-blind trial of vitamin D (1,000 1U/day) during the
last trimester of pregnancy in Asian women living in
London. They found that the supplemented mothers had
greater weight gain and, at term, had significantly higher
plasma concentrations of retinol-binding protein and thy-
roid-binding prealbumin, which indicated better protein-
calorie nutrition. Almost twice as many infants of the
unsupplemented group weighed <2,500 g at birth (the
definition of low birth weight) and had significantly lower
retinol-binding protein concentrations than did infants of
the supplemented mothers.

Supplementation with 1,000 IU (25 pg) vitamin D/day
during the last trimester of pregnancy has produced mixed
results. The initial study by Brooke et al. [22] described a
dramatic increase, from 125 to 150 nmol/L in circulating
25(0H)D, in both mothers and neonates at term. However,
these results are highly suspect in light of later and current
work and are consistent with a dose response obtained after
consumption of 10,000 IU (250 pg) vitamin D/day for
3 months [25]. There also is the possibility that the
25(0OH)D assay method used in this study was flawed, as
was common during this early period of investigation [26,
27]. Consistent with more recent data, Mallet et al. [28]
reported that vitamin D supplementation (1,000 IU/day or
25 pg/day) during the last trimester of pregnancy resulted
in an increase in circulating 25(OH)D concentrations of
only 12.5-15 nmol/L in maternal and cord serum.

As concluded by The Cochrane Review in 2000 [29],
these early studies provided an insufficient basis to make
any recommendations about vitamin D supplementation
during pregnancy. As a result, in 2004, our laboratory
initiated a National Institute of Child Health and Human
Development-sponsored 6 year randomized, double-blind,
placebo-controlled trial of vitamin D supplementation
during pregnancy to assess safety and pregnancy outcomes
with an approved investigational drug application from the
FDA (66,346). The logical question is why it took 25 years
before this trial was performed, and the answer is twofold.
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First, it was expensive, costing about $6 million to perform.
Second, until we wrote and received the IND from the
FDA, the IRB at our university (representative of other
IRBs) would not allow the study to commence, fearing we
would do harm by administering the amount of vitamin D
(4,000 1U/day) we were proposing. Once the IND was in
place, the study could be conducted. The results of our
completed study have been published [1] and will be dis-
cussed in detail below.

In reference to more recent publications, one of the most
puzzling developments was the omission of our RCT
pregnancy study from the 2012 Cochrane review of vita-
min D supplementation for women during pregnancy [30].
One of us (C. L. W.) was invited to present our published
RCT results to the World Health Organization in the fall of
2011. She was informed that the study would not be con-
sidered in the upcoming Cochrane review because we did
not have a “control” group, meaning a group of pregnant
women receiving 0 1U vitamin D during pregnancy. Such a
group would be unethical in many regions of the world
today because it violates the “standard of care” of giving
400 IU vitamin D/day as part of the prenatal vitamin. Zero
IU dosing of vitamin D to those women therefore would
never be approved by any knowledgeable IRB in those
regions of the world, including the United States, Canada,
and most of Europe. For this reason, the applicability of the
latest Cochrane review to a major sector of the world is
limited.

Vitamin D Metabolism during Pregnancy

Vitamin D metabolism during pregnancy is vastly different
from any other time in human physiology, and this point
has gone largely unappreciated. With respect to the con-
version of vitamin D to 25(OH)D, this metabolic conver-
sion appears to be similar in pregnant and nonpregnant
states and follows first- and zero-order enzyme Kinetics
(Fig. 1) [1, 31], The similarities, however, end there. It has
been known for decades that during pregnancy 1,25-di-
hydroxyvitamin D (1,25[OH]2D) levels become extremely
elevated [32-34]. This increase in circulating 1,25(0OH)2D
levels has in particular been attributed to an increase in the
serum vitamin D-binding protein (DBP) that would regu-
late the amount of “free” 1,25(0OH)2D available in the
circulation [33]. While this rise in DBP during pregnancy
has been shown to be 46-103 %, depending on the assay
employed [35], it cannot account for the nearly three- to-
fourfold increase in circulating 1,25(0OH)2D in our recent
study [1], Bikle et al. [34] clearly demonstrated that free
1,25(0OH)2D levels are increased during pregnancy despite
the significant increase in DBP levels, and our recent data
agree with this premise [1]. In fact, the new data from our

A Springer

HBO090 Support Document-Hollis-W agner-Study-effects, Page 4 of 12



132

Circulating Vitamin D} (nmol/L)

25(0H)D =26.4 +64.2* (1-exp (-0.48*)) +0.32*x
Re=0.37; p<0.0001

Fig. 1 The relationship between circulating vitamin D to control the
production of 25(0OH)D during pregnancy [1]
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Circulating 25(OH)D (nmoi/L)
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1,25(0OH)2D =291.23 * (1-exp (-0.0243 * 25(0OH)D))
Rz=0.117;p<0.0001
Fig. 2 Relationship of circulating circulating
1,25(0H)2D during pregnancy [1]

25(0H)D to

study demonstrate that a circulating 25(OH)D level of
approximately 40 ng/mL (100 nmol/L) is required to
optimize production of 1,25(0OH)2D during human preg-
nancy through renal and/or placental production of the
hormone (Fig. 2) [1], Again, this relationship exhibits first-
and zero-order enzyme Kinetics. It is also of great interest
that production of circulating 1,25(OH)2D in the fetus is
linked directly to circulating 25(OH)D [36].

Vitamin D metabolism is greatly altered during preg-
nancy, and pregnancy itself is the primary driver for these
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extraordinary circulating 1,25(0OH)2D3 levels. From our
data, it is evident that production of 1,25(0OH)2D3 is really
not under the control of the classic regulators of calcium,
phosphorus, and PTH. The dramatic rise in maternal cir-
culating 1,25(0OH)2D 3 following conception is remarkable
for many reasons: by 12 weeks of gestation, maternal cir-
culating 1,25(0H)2D3 levels are already triple those of a
nonpregnant female [1], From that point in gestation,
1,25(0H)2D3 levels rise much higher and are driven by
substrate—25(OH)D—availability (Fig. 2). This substrate
dependence of 1,25(0OH)2D3 production is never observed
in normal human physiology driven by classic calcium
homeostasis.

Another remarkable factor in pregnant women is how
they can attain supraphysiologic levels of 1,25(0H)2D3,
sometimes exceeding 700 pmol/L in our study, and yet
never exhibit hypercalciuria or hypercalcemia [1]. These
supraphysiological circulating levels of 1,25(0OH)2D3 dur-
ing pregnancy are possibly of placental origin or from the
renal 1-a-hydroxylase that would have to be uncoupled
from feedback control and for reasons other than main-
taining calcium homeostasis. The second scenario is most
likely because women with nonfunctional renal 1-a-
hydroxylase and normal placental function fail to increase
circulating 1,25(0OH)2D3 during pregnancy [37]. The
increased levels of 1,25(0OH)2D3 may be due to methyla-
tion of the catabolic CHP24A1 placental gene [38]. Cal-
citonin may be a contributor to this process in that it rises
during pregnancy [39], is known to stimulate the renal 1-a-
hydroxylase gene independently of calcium levels [40, 41],
and protects by opposing hypercalcemia [42]. Another
possible stimulator of 1-a-hydroxylase during pregnancy is
prolactin [43], If prolactin were a major contributor,
however, the effect should continue into lactation, which
we do not see, and would be accompanied by elevated
circulating 1,25(0OH)2D3 levels, which also are not seen
[44], Clearly, vitamin D metabolism during pregnancy is
unique in human physiology; but what is its purpose?

What Constitutes Vitamin D Deficiency
during Pregnancy?

What circulating level of 25(OH)D [9] does a pregnant
woman require to be considered replete? The 2010 I0M
report states that if one exhibits a circulating 25(OH)D
level of 50 nmol/L, then that individual should be con-
sidered replete [8]. That document also stated that indi-
viduals consuming an adequate diet would receive enough
vitamin D from that diet without consideration of race,
latitude, or season and would not require a dietary sup-
plement. Yet, there is a plethora of data from numerous
studies throughout the world in the last decade that
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suggests otherwise [9]. Fortunately, new clinical guidelines
have recently been released by the Endocrine Society that
provide serious guidance to the vitamin D deficiency
problem [9].

Let us compare the two report recommendations for
vitamin D with respect to pregnancy. As mentioned earlier,
the IOM recommended a circulating level of 25(OH)D of
50 nmol/L, whereas the Endocrine Society recommends
a level of more than 75 nmol/L [8, 9]. To achieve the
50 nmol/L, the IOM recommends 400-600 IU/day, which
it states can be obtained through dietary means without
supplementation [8]. In contrast, the Endocrine Society
recommends an intake of 1,500-2,000 1U/day to achieve a
circulating 25(OH)D level of more than 75 nmol/L [9].
How could these recommendations be so divergent? The
IOM chose to use only RCT data limited to skeletal
integrity, whereas the Endocrine Society chose to use a
combination of peer-reviewed basic and clinical scientific
publications [8, 9]. The reader will have to decide which
report is best to adopt and use for patient guidance.

To examine the actual vitamin D deficiency rates during
pregnancy, two recent publications provide some important
insight. Even when applying the recent IOM normative
25(0H)D range of 50 nmol/L to the data [8], Hamilton et al.
[45] andJohnson etal. [46] both provide shocking deficiency
rates during pregnancy in a sunny climate. This work con-
firms an earlier study by Lee et al. [47] that documented high
deficiency rates in mothers consuming prenatal vitamins.
This deficiency problem is especially severe in minority
populations. The IOM report claims that individuals obtain
enough vitamin D from their diet to achieve the circulating
25(0OH)D level minimum of 50 nmol/L. This statementis in
direct conflict with two recent supplementation studies
during pregnancy that failed to achieve this minimum cir-
culating requirement for 25(OH)D [47, 48].

Finally, we have proposed to use mathematical models
based on clinical data to dictate what would constitute vitamin
D deficiency in the pregnant subject [1]. This is actually a
simple task if one inspects Figs. 1,2 and chooses the inflection
point between first- and zero-order enzyme kinetics. These
models give the level of at least 100 nmol/L circulating
25(0OH)D to support maximal 1,25(OH)2D production during
pregnancy by overcoming “substrate limitation.”

Consequences of Vitamin D Deficiency

during Pregnancy

Calcium Homeostasis and Skeletal Integrity

At the top of any list concerning vitamin D deficiency,

calcium homeostasis and skeletal integrity remain a top
priority. What is really surprising is the relative dearth of
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information that exists between this topic and its effect on
the pregnant woman and her fetus. There are no RCT data
to guide us here, and thus, we must rely on observational
data. A superb observational study by Yorifuji et al. [49]
provides data to suggest that craniotabes in the newborn
infant is the earliest sign of subclinical vitamin D defi-
ciency during pregnancy. At 1 month of age, infants with
craniotabes had significantly higher serum alkaline phos-
phatase, intact PTH, and lower circulating 25(OH)D levels
than infants not exhibiting craniotabes. Several other recent
observational studies have linked poor nutritional vitamin
D status to abnormalities in both maternal and fetal skeletal
markers and skeletal integrity itself [50-53]. It is also
worth mentioning an animal model study that suggests
pregnancy itself upregulates intestinal calcium absorption
and skeletal mineralization independently of vitamin D,
suggesting that vitamin D is not required for the skeletal
adaptations during pregnancy [54], However, this study
was performed in mice, and its relevance to human phys-
iology remains to be established. One additional observa-
tion is that in utero vitamin D levels may impart a positive
impact on skeletal integrity later in life [55].

Data from our recent RCT tend to support the relative
lack of effect of vitamin D on the calcium and skeletal
homeostatic systems as implied in the animal model [1,
54], As discussed earlier in this review, circulating
1,25(0H)2D levels in the pregnant human elevate to
supraphysiologic levels without any classic stimulus such
as low serum calcium or increased PTH [1]. Further, in
spite of these huge circulating 1,25(OH)2D levels, serum
and urinary calcium levels are normal [1], The only
observed changes in classic calcium homeostatic parame-
ters we observed in our patients were due to normalizing
circulating 25(OH)D levels, and they were (1) lowering
PTH levels in vitamin D deficient African Americans and
(2) a normalization of urinary calcium excretion [1],

Alterations in Immune Function

The control of immune function, both adaptive and innate
by nutritional vitamin D status, is a very active area of
investigation with regard to pregnancy. Liu et al. [56],
using the mouse as an experimental animal for assessing
vitamin D’s role in the regulation of placental inflamma-
tion, determined that maternal and fetal vitamin D levels
play a pivotal role in controlling placental inflammation.
Does vitamin D play a similar role in human pregnancy?
Current data suggest that it does. Walker et al. [36] have
shown that cord blood vitamin D status in human partici-
pants controls the innate immune response. This study
demonstrated that cord blood vitamin D deficiency, by its
effect on toll-like receptor-induced antimicrobial produc-
tion, altered in vitro monocyte responses [36]. The result of
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this defect would be decreased barrier protection against
invading pathogens. Actual observational data suggest that
this is, in fact, the case.

Belderbos et al. [57] demonstrated that nutritional vita-
min D deficiency in otherwise healthy neonates is associ-
ated with subsequent increased risk of respiratory syncytial
viral bronchiolitis. Further, maternal vitamin D deficiency
is associated with bacterial vaginosis, and this deficiency
may contribute to the strong racial disparity in the preva-
lence of bacterial vaginosis [58, 59]. Similar mechanisms,
with respect to vitamin D deficiency and innate immune
function, likely contribute to periodontal disease during
pregnancy [60]. Low circulating 25(OH)D levels also have
been linked to the risk of respiratory infection, wheezing,
and asthma [61-63] and have an apparent impact on the
markers of severity of childhood asthma [64], possibly by
altering T-regulatory cells [65]. Our recent RCT, using
the intent-to-treat model, failed to demonstrate a relation-
ship with vitamin D supplementation and infection [1]
(Table 2). Finally, one of the most important aspects of
vitamin D’s proposed interactions with the adaptive
immune system involves its potential to alter multiple
sclerosis susceptibility of the infant later in life by
improving nutritional vitamin D status during pregnancy
[66-70],

Complications and Outcomes of Pregnancy

Complications of pregnancy include preeclampsia, gesta-
tional diabetes, and hypertension. Although these compli-
cations of pregnancy are well known and contribute to
morbidity and mortality during pregnancy, their association
with nutritional vitamin D status is a new area of investi-
gation. Preeclampsia is a multisystem disorder that com-
plicates 3-8 % of pregnancies in Western countries and
constitutes a major source of morbidity and mortality
worldwide [68, 69]. Overall, 10-15 % of maternal deaths
are directly associated with preeclampsia and eclampsia.
Some epidemiological findings support the hypothesis
of a genetic and immunological etiology. The risk of pre-
eclampsia is two- to fivefold higher in pregnant women
with a maternal history of this disorder. Depending on
ethnicity, the incidence of preeclampsia ranges 3-7 % in
healthy nulliparas and 1-3 % in multiparas. Other risk
factors have been identified, including a medical history of
chronic hypertension, kidney disease, diabetes, obesity,
birthplace in Africa, age >35 years, pregnancy character-
istics such as twin or molar pregnancy, previous pre-
eclampsia, and fetal congenital abnormality [71, 72].
Preeclampsia may be life-threatening for both mother
and child, increasing both fetal and maternal morbidity and
mortality and often leading to preterm delivery of the fetus
due to worsening preeclampsia [69]. In the mother,
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preeclampsia may cause premature cardiovascular disease,
such as chronic hypertension, ischemic heart disease, and
stroke, later in life [73]. Children bom after preeclamptic
pregnancies and who are relatively small at birth have an
increased risk of stroke, coronary heart disease, and met-
abolic syndrome in adult fife [74-76].

While the sole curative treatment of preeclampsia is
delivery, management of the preeclamptic woman must
continuously balance the risk to benefit ratio of induced
preterm delivery and matemal-fetal complications. Fur-
ther, no dmg intervention is known to prevent pre-
eclampsia. There are intriguing possibilities that vitamin
D is integral in maintaining normal placental integrity
and function [77]. Bodnar et al. [78] first described the
relationship between poor vitamin D status and risk of
preeclampsia. Additional observational studies have
strengthened this observation in the past year. Baker et al.
[79], using a nested case-control study, found that maternal
mid-gestation vitamin D deficiency was associated with
increased risk of severe preeclampsia. Robinson et al. [80],
utilizing a case-control investigation with gestation-mat-
ched contemporaneous control participants, determined
that circulating 25(OH)D levels were significantly
decreased in early-onset severe preeclamptic individuals.
This group further demonstrated that 25(OH)D levels are
lower among SGA patients in early-onset severe pre-
eclampsia than those infants without growth retardation
[81]. It was concluded from this study that vitamin D status
may impact fetal growth through placental mechanisms.
Data from our RCT do not suggest a positive or negative
effect between vitamin D and birth weight (Table 2) [1],
Finally, Wei et al. [82] recently published a longitudinal
study that clearly demonstrated an inverse relationship
between circulating 25(OH)D during pregnancy and
preeclampsia.

In contrast to prior studies, Bodnar et al. [83] published
an observational study linking both low and high nutri-
tional vitamin D status to an increased risk of SGA births in
only white women. Data from our RCT do not support this
premise (Table 3). In fact, data from our study do not
demonstrate any risk of SGA associated with vitamin D
supplementation in our Caucasian population at the higher
levels of vitamin D (Table 3). It is still possible that lower
levels of vitamin D may contribute to SGA births, but this
cannot be ascertained from our data. As for African
Americans and Hispanics, our data are not clear and offer
no trends. What is clear is that an RCT would be necessary
for this relationship to be assessed, the cost and time of
which would be enormous. Along the spectrum of hyper-
tensive disorders of pregnancy, additional evidence of
vitamin D’s role during pregnancy comes from an obser-
vational study by Ringrose et al. [84], who found a high
prevalence of vitamin D deficiency in pregnant women in
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Table 2 Pregnancy characteristics and outcomes by vitamin D supplementation group controlling for race

Characteristic

Maternal age at delivery (years)
(mean + SD)

Baseline 25(0OH)D (nmol/L)

(mean = SD)

Gestational age (weeks) at delivery
(mean + SD)

Birth weight (g) at delivery

(mean = SD)

Mode of delivery3, N (%)
Uncomplicated vaginal

Assisted vaginal

C/S after labor

C/S without labor

Vaginal

Primary C/S

Previous PTB, N{%9

PTB < 37 weeks, N (%)

PTL < 37 weeks in this pregnancy, N (%)
PTL/PTB < 37 weeks, N (%)
Gestational diabetes, N (%)
Preeclampsia/eclampsia/gest. hypertension
Infection, N (%)

Any

Bacterial

Viral

Fungal

Comorbidity (PTB), N (%) (infection, PTB, gestational diabetes,
preeclampsia/hypertension/HELLP)

Comorbidity (PTL/PTB), N (%9 (infection, PTL/PTB < 37 weeks,
gestational diabetes, preeclampsia/hypertension/HELLP)

Pill count pills taken: pills issued (median)

400 1U 2,000 IU 4,000 I1U P [, controlling
(n= 111 (n= 122 (n= 117) for race
274+57 280+57 271+55 049 02

61.2+ 271 57.6+224 598+ 254 053 08
386+22 388+18 391+ 18 017 01

3,222 + 675 3,360 + 585 3,285 + 598 0.23 0.2

69 (62.2 %) 81 (66.4 %) 81 (69.8 %)

2 (1.8 %) 433 % 9(7.89%

23 (20.7 %9 19 (15.6 %) 19 (16.4 %)

17 (153 % 18 (148 %) 7 (6.0 %)

71 (74.7 %)
24 (25.3 %)
20 (18.0 %)

85 (79.4) %
22 (20.6) %
32 (26.2 %)

90 (85.7 %)
15 (14399 0.5 0.046
23 (19.7%) 027 09

9 (8.1 %) 5419 7 (6.0 %) 0.44 05
16 (14499 22 (180%) 14(120%) 041 04
23 (20.7 %) 24 (19.7 %) 20(17.1 %) 0.77 0.4
8(7.2 9% 5 (4.1 %) 3 (2.6 %) 025 01
9 (8.1 %) 6 (4.9 % 3 (26 %) 0.16 0.05

47 (423 %) 60 (49.2%) 44 (37.6 %) 0.19 04

36 (324 %) 44 (361 9% 32(27.4% 035 03
8(72% 6(499%  6(51 %) 071 04
131179 22(1909% 13(111 %) 023 08

63 (56.8 %) 67 (54.9%) 53 (45.3 %) 0.17 0.06

70 63.1 %9 72 (59.0%) 59 (504 %) 0.14 0.03

0.47 0.49 0.50 0.70 0.9

3 Mode of delivery was categorized apriori as either vaginal (defined as spontaneous or assisted vaginal delivery, which included use of forceps
or vacuum extraction) or cesarean section (C/S; further subdivided as cesarean following labor, cesarean without labor, and repeat elective
cesarean). Primary cesarean section included women who had undergone a cesarean section with or without labor for either a maternal or a fetal
indication and did not include women who underwent a repeat, elective cesarean section

PTB preterm birth, PTL preterm labor
From Hollis et al. [1]

Canada and that this deficiency was independently linked
to hypertension in these women that may be regulated by
flow-mediated dilation [85].

A recent observational study by Lau et al. [86] has
provided us with a link between low vitamin D levels and
gestational diabetes mellitus. Lau et al. [86] found that
circulating 25(OH)D levels were inversely associated with
fasting, 2 h blood glucose levels during glucose tolerance
testing and glycated hemoglobin levels (HbAIc). Multi-
variate analysis identified 25(OH)D and glucose levels as
independent predictors of HbAlc. Thus, low 25(OH)D

levels were associated with poor glycemic control during
pregnancy. A recent study by Parlea et al. [87] suggests
that vitamin D may influence glucose tolerance during
pregnancy and supports studies of vitamin D as a potential
intervention to prevent gestational diabetes. Also, recent
observational studies have linked vitamin D deficiency to
an increase in primary cesarean section [88] and premature
delivery [89].

The risk of adverse events during pregnancy was not
increased in the higher-dose vitamin D supplementation
groups in our recent clinical trial [1], We evaluated women
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Table 3 Number and percentage of small-for-gestational-age (SGA)
infants by vitamin D treatment group

Racial group  Number of 400 1U/ 2,000 1U/ 4,000 IU/
subjects day day day
Caucasian 1 1009% o 0
African 97 6(62% 4@1% 5G2%Y
American
Hispanic 137 6(@44% 107% 429%

Data derived from Hollis et al. [1]

monthly throughout their pregnancies starting at 12 weeks’
gestation. To be eligible for the study, women had to be in
good general health at the time of enrollment without a
history of hypertension or diabetes. When reviewing
combined or cumulative comorbidities of pregnancy, the
data from our RCT strongly suggest that vitamin D sup-
plementation during pregnancy can significantly decrease
complications of pregnancy including primary cesarean
section ip —0.046), hypertensive disorders of pregnancy
ip — 0.05), and comorbidities of pregnancy ip —0.03) [1]
(Table 2).

Lack of in utero vitamin D has also been associated with
abnormal brain development in experimental animals [90].
In humans, vitamin D during pregnancy has been associ-
ated with risk of schizophrenia at both low and higher
levels of circulating 25(OH)D [91]. In this study, the
highest quintile of circulating 25(OH)D was 51 nmol/L,
and to suggest that these levels would result in increased
schizophrenia rates would be puzzling indeed since levels
in native Africans are at least three times this level and
have been for hundreds of thousands of years [19]. In the
latest evidence, with respect to offspring and neurocogni-
tive development, Whitehouse et al. [92] demonstrated that
maternal vitamin D insufficiency during pregnancy is sig-
nificantly associated with offspring language impairment.

Summary

Meaningful research with regard to vitamin D supple-
mentation in pregnant women has been hampered for
decades by misconceived dietary recommendations and
fear of toxicity, which have been refuted [93], Current
vitamin D intake recommendations during pregnancy range
from 400-600 IU/day from the IOM report [8] to
1,500-2,000 1U/day from the Endocrine Society report [9].
The American College of Obstetricians and Gynecologists
(ACOG) has chosen to follow the IOM report [94]: the
ACOG document states that, “Vitamin D screening and
supplementation during pregnancy is not required ‘unless’
women live in cold climates, reside in northern latitudes,
wear sunscreen and protective clothing, are ethnic
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minorities, or are vegetarian.” This “unless” group basi-
cally defines the entire North American and European
populations. Many recent observational studies now exist
that present strong evidence of the positive effects that
vitamin D can provide by improving birth outcomes [78—
88]. When we conceived our vitamin D supplementation
pregnancy RCT in 2001, we simply asked the question,
how much vitamin D would be required to increase cir-
culating 25(OH)D levels to achieve levels that mimic those
obtained due to significant solar exposure and provide
levels that have been inherent in humans for most of our
evolution [19, 95]? We anticipated that amount to be
several thousand 1Us per day. After convincing the FDA
that our proposed study was designed to establish efficacy
and effectiveness while minimizing risk, we received
investigation drug approval, and the study was undertaken
and completed. However, one of the most puzzling
developments was the omission of our RCT pregnancy
study from the most recent Cochrane review on vitamin D
supplementation for women during pregnancy [30]. With-
out inclusion of our RCT, which included a control group
appropriate for a large section of the world today, the world
literature and the recommendations for vitamin D supple-
mentation continue to remain at odds.

How did our assumption about natural historical human
levels and supplementation turn out? The results actually
are quite remarkable and provide strong evidence of the
positive effects of vitamin D on birth outcomes without any
hint of adverse effects. The daily intake of vitamin D to
accomplish these results was 4,000 IU. Our 4,000 1U/day
group achieved Ill.Onmol/L circulating 25(CH)D
(Table 1), while values in traditionally living populations
in East Africa are known to be 115 nmol/L [19] but sig-
nificantly less than is observed in native African women
who are pregnant (M. Luxwolda, personal communication).
We believe that this is the circulating level of 25(OH)D we
should aspire to attain, not a level based on geometric
means from populations that live in sun-restricted envi-
ronments, covered with clothing, and told to avoid the sun
at all costs to the point of a skin mutation that maximizes
limited solar irradiation [10, 16]. We believe that one
should assimilate solid historical data with data generated
from modem techniques [1,19] and not be wedded to ideas
that came from intuition that has simply carried forth for
decades [7]. Our rigorous and well-designed RCT access-
ing vitamin D supplementation during pregnancy, overseen
by both the National Institutes of Health and the FDA,
provides clear evidence of vitamin D’s role in nonskeletal
health outcomes in pregnancy. Basically, it is our per-
spective with regard to vitamin D and pregnancy that our
genome has developed to >60 ng 25(OH)D/mL (150 nmol/
L) since the beginning of humankind, but we are so arro-
gant as to believe that levels in sun-starved humans are
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“normal.” Worse, we think these levels in which our
genome evolved are actually harmful in some way, so we
have endless data safety and monitoring boards to evaluate
25(0OH)D levels that are totally natural but now in some
way doing us harm. The next step in this saga will be to
evaluate the evidence based on historical precedence and
accumulating data that will en masse supersede previously
held dogma.
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ABSTRACT

The need, safety, and effectiveness of vitamin D supplementation during pregnancy remain controversial. Inthis randomized, controlled
trial, women with a singleton pregnancy at 12 to 16 weeks' gestation received 400,2000, or 4000 IU of vitamin D3 per day until delivery.
The primary outcome was maternal/neonatal circulating 25-hydroxyvitamin D [25(OH)D] concentration at delivery, with secondary
outcomes of a 25(OH)D concentration of 80 nmol/L or greater achieved and the 25(OH)D concentration required to achieve maximal
1,25-dihydroxyvitamin D3 [1,25(0H)2D3] production. Of the 494 women enrolled, 350 women continued until delivery: Mean 25(OH)D
concentrations by group atdelivery and 1 month before delivery were significantly different (p < 0.0001), and the percent who achieved
sufficiency was significantly different by group, greatest in 4000-1U group (p < 0.0001). The relative risk (RR) for achieving a concentration
of 80 nmol/L or greater within 1 month of delivery was significantly different between the 2000-and the 400-1U groups (RR= 1.52,95% Cl
1.24-1.86),the 4000-and the 400-1U groups (RR = 1.60,95% Cl 1.32-1.95) but not between the 4000-and. 2000-1U groups (RR= 1.06,95%
Cl 0.93-1.19). Circulating 25(0OH)D had a direct influence on circulating 1,25(0OH)2D3 concentrations throughout pregnancy (p < 0.0001),
with maximal production of 1,25(0H)2D3 in all strata in the 4000-1U group. There were no differences between groups on any
safety measure. Not a single adverse event was attributed to vitamin D supplementation or circulating 25(OH)D levels. It is
concluded that vitamin D supplementation of 4000 IU/d for pregnant women is safe and most effective in achieving sufficiency in
all women and their neonates regardless of race, whereas the current estimated average requirement is comparatively ineffective
at achieving adequate circulating 25(0OH)D concentrations, especially in African Americans. © 2011 American Society for Bone and
Mineral Research.

KEY WORDS: VITAMIN D; CHOLECALCIFEROL; PREGNANCY; NEONATE

Introduction vitamin D status and adverse pregnancy outcomes such as

preeclampsia and cesarean section.*25-281

T he function of vitamin D during pregnancy for both mother

and fetus remains largely undefined. Vitamin D is known to
be involved in skeletal homeostasis during pregnancy, as
evidenced by a recent publication dealing with craniotabes in
the newborn, and severe vitamin D deficiency may lead to
neonatal seizures in neonates with profound hypocalcemia.*1-51
The function of vitamin D during this sensitive period, however,
also may have potential effects on other systems, including
immune,*6-101 pancreatic,(11-13) musculoskeletal 114171 and car-
diovascular function,*18-201 as well as neural development.121-241
Recent publications suggest relationships between maternal

A Cochrane Review published in 2000 highlighted the relative
dearth of data dealing with vitamin D supplementation during
human pregnancy.*21 This review listed seven studies on the
topic,*30-361 of which four reported clinical outcomes.*30-32,361
From these limited data, the Cochrane Review concluded that
there was insufficient evidence to evaluate the effects of vitamin
D supplementation during pregnancy.*2l Since that time, few
studies have addressed this issue.*37-391

In 2004, we initiated a National Institute of Child Health and
Human Development (NICHD)-sponsored 6-year randomized,
double-blind, placebo-controlld trial of vitamin D supplementa-
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tion during pregnancy to assess safety and pregnancy outcomes
with an approved Investigational Drug Application from the US
Food and Drug Administration (FDA; No. 66,346). We hypothe-
sized that 4000 IU/d ofvitamin D3would be more efficacious and
effective than the standard dosing regimen of400I1U/d and the
2000 IU/d (the former upper limit for vitamin D) dosing regimen
in achieving a total circulating 25-hydroxyvitamin D [25(OFI)D]
level of at least 80nmoL/L (32ng/mL) in pregnant women
regardless of race throughout pregnancy and at the time of
delivery without causing any safety concerns. This minimal value
of 80nmol/L was based on years of research with regard to
circulating 25(OFI)D levels suppressing secondary hyperthyroid-
ism and having optimal intestinal calcium absorption and bone
mineral density.141* These results are presented here.

Methods

Study design

This study was a single-center, randomized, controlled, double-
blind study of vitamin D supplementation stratified by race (FDA
IND No. 66,346; ClinicalTrials.gov No. NCT00292591). Women at
fewer than 16 weeks' gestation with a singleton pregnancy were

eligible for participation in the study.

Study participants and setting

This study was approved by Medical University of South
Carolina's (MUSC's) Institutional Review Board for Fluman
Research (HR No. 10725) and was conducted from January 4,
2004, through July 31, 2009, at MUSC (Charleston, SC, USA). The
inclusion criteria for the subjects included the following; (1)
maternal age of 16 years or greater at the time of consent, (2)
confirmed singleton pregnancy of fewer than 16 completed
weeks of gestation at the time of consent, (3) planned to receive
ongoing prenatal care in the Charleston, SC, area, and (4) the
ability to provide written informed consent at the first visit. If a
woman received her obstetrical care at a facility separate from
MUSC, then she came to MUSC's Clinical and Translational
Research Center (CTRC) outpatient research facility for each of
the study visits. Women were consented at their first prenatal
visit, at which time baseline 25(OH)D levels were measured.
Irrespective of gestational age at enrollment, subjects began
vitamin D supplementation between the start of the twelfth and
the start of the sixteenth weeks of gestation (12 0/7th and 16 0/

7th weeks), as defined by their last menstrual period.

Exclusion criteria

Women with a pregnancy at greater than 16 weeks of gestation
as calculated by their last menstrual period were not eligible
to participate. Pregnant women with preexisting calcium or
parathyroid conditions or who required chronic diuretic or
cardiac medication therapy, including calcium channel blockers,
or who suffered chronic hypertension were not eligible for
enrollment in the study. Pregnant women with active thyroid
disease (eg, Graves disease, Hashimoto disease, or thyroiditis)
also were excluded, but mothers on thyroid supplement with
normal serologic parameters could participate in the study if

they were without any other endocrine dysfunction.

I 2342 Journal of Bone and Mineral Research

Study protocol
Gestational age at enrollment

Subjects could be consented and enrolled into the study before
the initiation of vitamin D supplementation at 12 to 16 weeks of
gestation. Gestational age was based on last menstrual period. If
a woman was unsure of her gestational age, the obstetrical
estimate at the time ofthe visit was used. If, atthe 20-week fetal
ultrasound it was determined by the obstetrician that the
gestational age was incorrect, the revised gestational age was

used and the discrepancy noted.

Initial study isit

Baseline blood and urine samples were obtained following
subject consent at the initial visit, but the earliest time of
randomization following measurement of baseline total circu-
lating 25(OH)D level was 12 weeks' gestation, with the target
upper limit of gestation of 16 weeks. Irrespective of enrollment
gestational age, vitamin D supplementation did not begin before

the twelfth week of gestation (12 and 0/7th weeks).

Subsequent study isits

Subjects were followed with monthly study visits, which
continued until delivery. The visits coincided with routine
obstetrical visits or were performed in conjunction with those
visits if the obstetrical care was provided outside MUSC. The
subjects also were seen at the GCRC/CTRC for a study visit at
16 weeks of gestation and with their infant at 2 weeks'

postpartum.

Completion of questionnaires

Following their written informed consent, mothers completed
questionnaires regarding sociodemographic information, base-
line health status, and medical history at the first visit. At the
second visit, the Block Food Frequency Questionnaire (FFQ) was
completed to ascertain generalized eating pattern, with specific
calculation of calcium and vitamin D intake (Block, Berkeley, CA,
USA).'42"471 Each completed FFQ form was sentto the processing
center (Berkeley, CA, USA), and these data were reviewed later
for accuracy by a registered dietician who was blinded to subject
treatment group assignment. Total caloric, vitamin D, and
calcium intakes were recorded for each subject.

An interim maternal health history questionnaire also was
completed at each visit with the assistance of the study
coordinator to ascertain adverse events, discussing types and
frequencies of acute illnesses such as respiratory, gastrointesti-
nal, and other viral and/or bacterial illnesses. A review of
medications and doctor's visits was obtained at that time.

After delivery, the newborn record of each infant was
reviewed for mode of delivery and level of neonatal care
required (normal newborn nursery or level 2 or level 3 intensive

care). Birth weight (g) and gestational age also were recorded.

Blood and urine samples

Maternal blood and urine samples were collected at each visit.

Cord blood was obtained at delivery. If the cord blood sample

HOLLIS ET AL
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could not be obtained, a neonatal blood sample was drawn
within 2 weeks of delivery.

Intervention
Multivitamin and vitamin D supplementation

Pregnantwomen who presented for prenatal care at 16 or fewer
weeks of gestation were randomized into one of three treatment
regimens of vitamin D3 after establishing their baseline serum
25(0OH)D level. All patients received a total of two pills daily: a
standard prenatal multivitamin vitamin containing 400 IU of
vitamin D and an additional vitamin D3 supplement of 0 IU
(placebo), 1600 IU, or 3600 IU of vitamin D3 for a total of 400 IU,
2000 IU, and 4000 IU of vitamin D supplementation, respectively.

In order to obtain Institutional Review Board approval for the
study, the following safety measure was put into place: Baseline
total circulating 25(0OH)D levels were measured, and women
with levels of I0Onmol/L (40ng/mL) or less were eligible for
randomization into one ofthe three arms (400,2000, or 4000 U/
d of vitamin D3) with further substratification by race within each
treatment group. Women with baseline 25(0OH)D levels greater
thanl 00 to 150 nmol/L (>40 to 60 ng/mL, levels considered to be
in the normal range at the time of study implementation) were
randomized into one of two treatment groups (400 or 2000 IU/d
of vitamin D3), whereas women with a baseline 25(OH)D level
greater than 150nmol/L (>60ng/mL) were given 4001U/d of
vitamin D3. The doses of vitamin D used in our study were
selected based on current recommendations (4001U/d), the
upper safe intake level established in 1997 (2000 1U/d),(40) and
the amount we calculated to be required to achieve nutritional
vitamin D sufficiency (4000 1U/d).<&B.

Adherence to medication regimen

Adherence to the prescribed vitamin D supplementation
regimen of one prenatal vitamin and the vitamin D supplement
was measured by maternal self-report and pill counts at each
follow-up visit.101 The number of vitamin D pills returned was
divided by the expected number of pills that would have been
taken between study visits to generate a percentage that served
as a measure of adherence of medication regimen between
study visits. The adherence measures were used to generate an
average adherence for each subject.18l If a woman missed one
prenatal visit, her next month supply of vitamins was either
mailed to her or dropped off at her residence. In such cases,
medication adherence was based on the pill count from the date
of the last visit to the current prenatal visit over the expected
number of pills taken. If a woman had more than two missed
visits or if she failed to take at least 50% of the prescribed vitamin
D pills, she was exited from the study.

Randomization

Our study used stratified blocked randomization to balance by
ethnicity and also to balance by enrollment (as a cautionary
measure against a potential temporal or seasonal bias). A
randomization scheme was developed separately for each ofthe
three ethnic groups (ie, the strata). Within each stratum, the
treatments were assigned within blocks. Because there were
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three treatment groups, the block size had to be divisible by 3;
the data team selected a block size of six, which was unknown to
the investigators or the pharmacists. In this way, at the end of
each block (ie, enroliment of six subjects), each ethnic group was
balanced in the number randomly assigned to the 400-, 2000-,
and 4000-1U treatment groups.

Materials

Source of vitamin D

Vitamin D tablets were manufactured by Tishcon Corporation
(Westbury, NY, USA), a Good-Manufacturing-Practice (GMP)
facility. The cholecalciferol contained in the vitamin D tablet was
supplied to Tishcon Corporation by Hoffman-La Roche, Ltd.
(Basel, Switzerland). The tablet vitamin D concentration was
verified by the company every 6 months and by an independent
laboratory chosen by the investigators (Heartland Assays, Ames,
10, USA) using high-performance liquid chromatography with UV
detector (HPLC-UV) to ensure that the tablets met label claims
throughout the study; these results were reported to the
Investigational Drugs Department at MUSC. Tablets were
maintained in MUSC's Research Pharmacy until the time that
they were dispensed to each enrolled subject.

Source of prenatal vitamins

Prenatal vitamins prescribed at the time of each subject's
enrollment were manufactured by Myadec Multivitamin-
Multimineral Supplement (distributed by Pfizer Consumer
Healthcare, Morris Plains, NJ, USA) with 400 IU of vitamin D3
per tablet. Mothers who were unable to swallow a prenatal
vitamin were given Flintstones Complete chewable vitamin
(Bayer Healthcare, Morristown, NJ, USA), which provided 400 IU
of vitamin D3 per tablet.

Measures

Maternal sociodemographic measures included maternal age at
time of enrollment, her self-defined race, insurance status,
educational status, and occupation and employment outside of
the home.

Pregnancy health status and labor and delivery
characteristics and complications

Characteristics of each mother's health status and complications
during pregnancy, labor, and delivery were recorded and
reviewed by an obstetrician (DDJ, blinded to treatment). If the
mother required hospitalization, a copy of the hospital record
was obtained after the mother had signed a release of medical
information form. Any acute illnesses, hospitalizations, or
development of pregnancy-related conditions that were not
preexisting also were recorded. The Data Monitoring and Safety
Committee (DSMC) was notified of all such events.

Anthropomorphic measurements

Prepregnancy height and weight of each mother were recorded
at the first outpatient visit to determine BMI (weight [kgj/height2
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[m2]). During subsequent visits, only the subject's weight was
recorded. Birth weight (g) was recorded for each infant.

Laboratory measurements

Maternal and cord blood/neonatal vitamin D and
metabolite assays

Circulating vitamin D2 and D3 were measured in serum using
direct ultraviolet detection preceded by organic extraction and
high-performance liquid chromatography, as described previ-
ously,®) This assay has a coefficient of variation of 10% or less
and a 5nmol/L vitamin D detection limit. There is no normal
established circulating range of vitamins D2 or D3 in human
subjects.

A rapid, direct RIA developed in the Hollis laboratory and
manufactured by Diasorin Corporation (Stillwater, MN, USA) was
used to measure total circulating 25(OH)D concentration in
serum samples.<8>This RIA is an FDA-cleared device and, in fact,
is the FDA predicate device for the measurement of circulating
25(0H)D in humans.

Based on clinical laboratory classifications,’5253 a priori,
deficiency was defined as a total circulating 25(0H)D level of
less than 50 nmol/L (20ng/mL), insufficiency as 50 nmol/L or
greater to less than 80 nmol/L (>20 to <32ng/mL), and
sufficiency as 80 nmol/L or greater (>32 ng/mL).'41'53-55 The
inter- and intraassay coefficients of variation are 10% or less.

An RIA manufactured by Diasorin Corporation and developed
in the Hollis laboratory was used to measure total circulating
1,25-dihydroxyvitamine D3 [1,25(0OH)2D3] concentration.’sal This
assay uses an 129-labeled tracer, and samples are processed
using acetonitrile followed by solid-phase extraction and
gquantitation. This RIA is an FDA-deared device. The normal
circulating level of 1,25(0OH)2D3is 48 to 120 pmol/L (20 to 50 pg/
mL). The inter- and intraassay coefficients of variation are 15% or
less.

Maternal and cord blood/neonatal circulating intact
parathyroid hormone (PTH) concentrations

Intact PTH (iPTH) was measured by immunoradiometric assay
(IRMA) that uses two different polyclonal antibodies (Diasorin).
The first antibody, specific for PTH(39-84), is bound to a solid-
phase bead. The second antibody is specific for PTHD-34) and is
labeled with 125. The adult normal range for iPTH in our
laboratory is 1.3 to 5.4pmol/L. Higher vitamin D levels are
associated with lower iPTH levels because iPTH declines as
vitamin D status improves.'57

Maternal baseline and follow-up serum calcium creatinine,
and phosphorus studies

Maternal serum total calcium, creatinine, and inorganic
phosphorus levels were measured by MUSC's Clinical Chemistry
Laboratory using standard methodology and laboratory norma-
tive data. Results were reported to the clinical principal
investigator (Pl; CLW) and downloaded to the research database
from the clinical chemistry registry. All results were reviewed by
the clinical principal investigator of the study on a weekly basis
for any abnormal values and reported to the DSMC.
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Circulating vitamin D-binding protein (VDBP)

VDBP was measured using a commercial ELISA purchased from
R&D Systems (Minneapolis, MN, USA). Circulating VDBP levels in
normal individuals using this ELISA are stated by the
manufacturer to be 3.93 + 1.62 |xmol/L.

Maternal urinary calciumy/creatinine ratio

A nonfasting urine sample was obtained from the mother at each
obstetrical visit and was sent to the Clinical Chemistry Laboratory
at MUSC for urinary calcium (Ca) and creatinine (Cr) measure-
ments and derivation of the urinary Ca:Cr (mg/dL) ratio
(converted to mmol/L/mmol/L). (To convert mg/dL of calcium
to mmol/L, multiply the value by 0.25. To convert mg/dL of
creatinine to mmol/L, multiply by 0.088.)

Safety measures throughout the study

All study subjects were monitored for hypervitaminosis D. The
circulating 25(OH)D level of 225 nmol/L (90 ng/mL) was used to
define hypervitaminosis D, as required by the FDA and our IRB.
This conservative maternal level was arbitrarily chosen to ensure
the safety of all study patients, particularly those assigned to the
4000 IU of vitamin D3 per day regimen.’58 Subsequent vitamin D
supplementation trials have demonstrated that circulating levels
of 25(0OH)D exceeding 300 nmol/L (120ng/mL) do not cause
hypercalciuria, the first indicator of hypervitaminosis D.'48 Even
in women who are vitamin D deficient, urinary calcium excretion
increases during pregnancy secondary to increased glomerular
filtration rate.’59 Given this, urinary calcium/creatinine ratio was
used and is the most sensitive early indicator of hypervitaminosis
D. Operationally, we defined a priori caution limits for
hypervitaminosis D as a nonfasting urinary calcium/creatinine
ratio of 0.8 mg/mg or 2.27 mmol/mmol or greater.

Whenever any patient exceeded the caution limit or had an
abnormal clinical chemistry value, a specific case study by the
Data Safety and Monitoring Committee (DSMC) was to be
initiated to examine the contribution of confounding factors (eg,
diet, sunlight exposure, etc.). Operationally, vitamin D3 supple-
mentation stopped if the wurinary calcium/creatinine ratio
exceeded 1.0 (mg/dL/mg/dL) or if the circulating 25(OH)D level
exceeded 225 nmol/L (90 ng/mL).

Statistical methods
Sample size and power considerations

To detect a statistically significant increase in 25(OH)D by 10 ng/
mL between any two groups, it was calculated to require a
minimum of 32 patients per group at 90% power, a = 0.05, two-
tailed test for the primary analysis. This calculation assumed that
the standard deviation of 25(0OH)D measurements at a single
time point was approximately 10, that there would be a low
correlation (r= 0.25) between the baseline and final measure-
ments, and that a substantial proportion (up to 50%) of
participants may be lost to follow-up owing to moving,
termination of care, or discontinuation of participation. Because
the primary outcome— maternal and neonatal vitamin D status
at or around the time of delivery— a prerequisite for inclusion in
the final analysis was that the mother had to have had a live birth
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and had to have subject participated until the day of delivery.
Lastly, since one of the secondary goals of this study was to
explore vitamin D differences by ethnicity, the three supple-
mented groups (400, 2000, and 4,000 IU/d) were balanced by
ethnicity (equal numbers of whites, blacks, and Hispanic).

Statistical analysis

The main variables of interest were: (1) differences in mean
maternal and infant total circulating 25(0OH)D levels atthe time of
delivery between supplement groups (ANOVA), and (2)
differences between supplement groups in the proportion of
women achieving a 25(0H)D level of 80 nmol/L or greater within
1 month and at the time of delivery (chi-square). Secondary
analyses employed chi-square for categorical variables; ANOVA
or Student's f test, as appropriate, for normally distributed
variables (with the Bonferonni option for pairwise analysis in
ANOVA); and paired Student's t test for within-group changes
from baseline to delivery. Multiple regression was used to assess
the association between final vitamin D concentrations and
baseline values, ethnicity, dose group, and the dose x race
interaction. Stratified analysis was used to more fully explore any
evidence of interaction. Variables that were not normally
distributed were analyzed with Wilcoxon-Mann-Whitney test.
The association between vitamin D [25(0OH)D and 1,25(0OH)2D3]
and urinary calcium/creatinine ratio was explored with a
combination of exponential and linear models. Data were
analyzed with SAS 9.22(60) (SAS Institute, Cary, NC, USA) and
SigmaPlot software (Systat Software, Inc., San Jose, CA, USA).
The analysis was conducted as an intention-to-treat (ITT)
study.(6) The ITT approach (effectiveness) compares the

Enroliment

Allocated to 400 IU Group (n=166)
#Received allocated intervention (n=164)
-+ Did not receive intervention before exiting: 2

Followed through delivery (n=111)
Lost to follow-up (n=53):

Followed through delivery (n=122)
Lost to follow-up (n= 44):

outcomes between supplement groups, as assigned, and makes
no assumption regarding whether or not subjects were adherent
to the dosing regimen. (Data on adherent subjects will be made
available to any investigator on request following publication.)
The ITT design was used as a measure of the effectiveness of
increasing vitamin D levels via oral dosing. This approach
presents a conservative finding of potential benefits that could
be shown from a population- or public health-based interven-
tion. (Adherence efficacy and outcome data with detailed
pharmacokinetics will be presented in a separate article.)

Results

Study population

Figure 1 shows the enrollment, allocation, and follow-up of the
women who participated in the trial. A total of 516 women were
interviewed, and 502 consented to participate in this study and
were randomly assigned to a treatment group; 166 were
assigned to group 1 (400-1U group), 167 were assigned to group
2 (2000-1U group), and 169 were assigned to group 3 (4000-1U
group). Of the 502 women consented, there were 23 women
with a valid initial 25(0OH)D greater than 100 nmol/L (40 ng/mL)
who were not eligible for enrollment in the 4000-1U group:
2 black, 6 Hispanic, and 15 white women. Of those, 12 were
enrolled into the 400-1U group, 10 were enrolled into the 2000-1U
group, and 1was enrolled in the 4000-1U group [the latter being a
protocol deviation early in the study where one woman with a
baseline 25(OH)D level of 41 ng/mL was randomized to the 4000-
IU group]. Seventeen continued until delivery: 1 black, 6
Hispanic, and 10 white women; 10 were in the 400-1U group,

Followed through delivery ("=117)
Lost to follow-up (= 50):

= Moved away: 8 = Moved away (n=10) < Moved away (n=3)
= Discontinued study (w=36) = Discontinued study (n=29) <  Discontinued study (n°37)
= Exited study due to pregnancy loss: 9 - Exited due to pregnancy loss (n=5) = Exited due to pregnancy loss (n*10)

Analyzed (n=Ill) Analyzed (n=122)

Excluded from analysis (n=0)

Excluded from analysis (h=0)

Analyzed (n=117)
Excluded from analysis (n=0)

Fig. 1. Flow diagram of pregnancy study. IU = international units.
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6 were in the 2000-1U group, and 1 was in the 4000-1U group.
Finally, there was one white woman whose baseline 25(0OH)D
level was 172.5nmolL/L (69ng/mL) who was placed into the
400-1U group. After allocation into treatment groups, there were
no statistically significant differences among the groups with
regard to lost to follow-up, dropouts, or pregnancy losses.

The sociodemographic characteristics ofthe active cohort are
found in Table 1. Baseline characteristics were similar between
the groups on the basis of race/ethnicity, maternal age,
gestational age at enrollment, educational and employment
status, health rating, planned pregnancy, BMI, and season at
study entry. There was a trend toward differences between the
groups on the basis of maternal gravidity and parity and
insurance status. A total of 62 women (12.4%) were taking a

prenatal vitamin atthe time of randomization. Ofthe 502 women
who were randomized to treatment, 350 women continued in
the study until delivery and had outcome data available for
analysis: 98 black, 137 Hispanic, and 115 white women evenly
distributed into the three treatment groups with 111 controls,
122 in 2000-lU and 117 in 4000-1U groups. There were no
differences in baseline vitamin D status among treatment
groups.

A comparison of women who completed the study and those
who electively discontinued the study is found in Table 2.
Women who had a pregnancy loss or who moved away were
excluded from the analysis. Individuals who exited the study did
not differ by treatment group. Women who electively exited the
study were more likely to be black than Hispanic or white.

Table 1. Maternal Sociodemographic and Clinical Characteristics at Study Enrolliment by Vitamin D Supplementation Group

Maternal characteristic

Race/ethnicity,an (%)

Black 28 (25.2)
Hispanic 45 (40.5)
White 38 (34.2)
Maternal age (years), mean+SD 27.0x5.6
Range 18-41
Gestation at enrollment (weeks), mean = SD 125+*1.9
Range 7.1-18.4
Maternal gravidity, median 2
Range 1-8
Maternal parity, median 2
Range 0-5
Education, n (%)
<HS education 18 (17.3)
HS graduate 17 (16.4)
College or more 69 (66.4)
Employed at study entrance, n (%) 61 (55.0)
Insurance, n (%)
Medicaid/none 62 (55.9)
Commercial 49 (44.1)
Subjective health rating scale, Medianb 9
Range 5-10
Planned pregnancy, n (%) 59 (54.6)
BMI, n (%)c
<30 78 (70.3)
>30 33 (29.7)
Season at study entry, n (%)

April-September 54 (48.7)
October-March 57 (51.4)
Vitamin D intake in IU,d mean + SD 181.6+108.4

Range 21.4-470.6

Calcium intake, mg/d, Mean+SD

Range 252.9-2888.1
kcal Intake, mean *+ SD 2148.3 £778.6
Range 977.3-4668.2

aRace/ethnicity as defined by mother.

bSelf-reported maternal health status rating from 1 (poor) to 10 (excellent).

@MI = prepregnancy body mass index.

400-1U group (7= 111)

1063.6 +539.6

2000-1U group (n= 122) 4000-1U group (n= 117) p Value

0.9
37 (30.3) 33 (28.2)
48 (39.3) 44 (37.6)
37 (30.3) 40 (34.2)
27.4%57 26.6+ 54 0.6
17-41 17-44
12.6+ 16 12.4+2.0 0.8
8.4-17.6 6.4-21.4
2 2 0.08
1-7 1-9
2 1 0.052
0-7 0-9
0.4
23 (19.7) 13 (11.6)
24 (20.5) 22 (19.6)
70 (59.8) 77 (68.8)
67 (54.9) 65 (55.6) 0.9
0.07
85 (69.7) 69 (59.0)
37 (30.3) 48 (41.0)
10 10 0.4
5-10 1-10
61 (50.4) 59 (50.4) 0.8
0.6
87 (71.3) 89 (76.1)
35 (28.7) 28 (23.9)
0.9
60 (49.2) 56 (47.9)
62 (50.8) 61 (52.1)
195.8 +135.0 204.2 +148.2 0.6
8.2-693.8 5.3-737.3
993.9 +514.0 1073.6 +491.9 0.6
285.4-2754.1 275.6-2925.9
2059.4 +803 2212.9+£920.8 05
993.4-4793.4 929.3-5516

dinternational units (IU): dietary intake calculated from the Block 1998 Food Frequency Questionnaire;'22431 amount did not include prenatal vitamin

intake.
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Table 2. Subjects Who Completed the Study Compared With Subjects Exited Before Delivery3

Maternal characteristic Delivered (n= 350) Exited (n= 129) p Value
Treatment group, n (%) 0.5
400 IV 111 (74.0) 39 (26.0)
2000 IV 122 (79.7) 31 (20.3)
40001V 117 (75.5) 38 (24.5)
Ethnicity,b n (%) 0.003
Black 98 (66.7) 49 (33.3)
Hispanic 137 (81.1) 32 (18.9)
White 115 (81.0) 27 (19.0)
Maternal age (years), mean = SD 27.0+5.6 255%5.1 0.01
Range 17-44 18-42
Gestational age at enrollment (weeks), mean+SD 125+1.8 121 +2.1 0.053
Rangec 6.3-21.4 6.1-17.7
Maternal gravidity, median (range) 2.0 (0-9) 3.0 (1-10) <0.0001
Education, n (%) 0.01
<HS education 54 (73.0) 20 (27.0)
HS graduate 63 (71.6) 25 (28.4)
College or more 216 (84.4) 40 (15.6)
Employed at entrance into study, n (%) 0.04
Yes 193 (81.1) 45 (18.9)
No 157 (44.9) 48 (51.6)
Insurance, n (%) 0.4
Medicaid/none 216 (75.3) 71 (24.7)
Commercial 134 (78.4) 37 (34.3)
Subjective health rating scale,d median (range) 9.0 (1-10) 9.0 (5-10) 0.6
Planned pregnancy, n (%) 0.01
Yes 179 (51.7) 34 (37.4)
No 167 (74.6) 57 (25.5)
BMIL,® n (%) 0.02
<30 254 (73.8) 90 (26.2)
>30 96 (84.2) 18 (15.8)
Season at study entry, n (%) 0.6
April-September 170 (75.9) 54 (24.1)
October-March 180 (77.9) 51 (22.1)
Baseline 25(0OH)D, nmol/L, mean = SD (range)
Total 59.5 +23.8 (6.0-172.5) 50.5 +25.1 (6.5-120.5) 0.001
Black 39.4+18.6 (6.0-108.8) 37.4+17.6 (6.5-87.8) 0.6
Hispanic 59.3 +£20.0 (17.3-103.8) 54.7 £20.6 (23.0-95.3) 0.3
White 74.6 £20.2 (29.5-172.5) 68.8 £28.8 (23.3-120.5) 0.2

“Exited included patients who chose not to continue. It does not include those with pregnancy losses, those who became medically ineligible, or those

who moved from the geographic area.
bRace/ethnicity as defined by the mother.

dGestational age at enroliment based on last menstrual period; change in gestational age occurred in 11 cases at the time of the 20-week fetal

ultrasound.

dSelf-reported maternal health status rating from 1 (poor) to 10 (excellent).

eBMI = prepregnancy body mass index.

Compared with women who continued in the study until
delivery, women who exited the study were more likely to be
younger (p=0.01), black (p=0.003), of higher gravidity
(P < 0.0001), less educated (p= 0.01), employed at entrance
into the study (p=0.04), with an unplanned pregnancy
(p=0.01), and with a BMI of less than 30 (p= 0.02). Baseline
vitamin D status by ethnicity of those who completed versus
those who exited also did not differ (see Table 2).

With regard to pregnancy losses, there were 8 women in
the 400-1U group (baseline mean + SD 16.5 + 7.6 weeks, median

VITAMIN D SUPPLEMENTATION DURING PREGNANCY

15.5 weeks, range 10.0 to 34.0 weeks), 5 in the 2000-1U group
(baseline mean =+ SD 17.2 + 4.6 weeks, median 15.0 weeks, range
12.0 to 23.0 weeks), and 10 in the 4000-1U group (baseline
meaniSD 16.4+6.3 weeks, median 16.0 weeks, range 9 to
32 weeks) who experienced a loss after enrollment into the
study. The 25(0OH)D level around or at the time of the loss did
not differ by treatment group (P = 0.8) There were no statistically
significant differences in mean gestational age at loss among
the treatment groups (p=0.9) or in the percent losses per
treatment group (p= 0.4). When looking at baseline 25(0OH)D
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levels of women who delivered a live-born infant versus those
who experienced a pregnancy loss, the mean levels were
57.8 = 24.4 nmol/L versus 50.5 + 23.3 nmol/L, but this did not
reach statistical significance.

Among the 350 women who continued in the study until
delivery, the median ratio of the number of study capsules taken
to the number that should have been taken between the time of
randomization and delivery was similar between the groups.
Adherence to protocol was not statistically different between
treatment groups: 69% (400-1U group), 68% (2000-1U group), and
69% (4000-1U group, p = 0.9).

Study outcomes

As shown in Table 3, the primary outcome— mean circulating
25(0OH)D level one month prior to delivery and at delivery— was
statistically different between treatment groups, with the highest
mean level achieved in the 4000-1U group. Overall, the mean
25(0H)D level by dose group one month before delivery and at
delivery and as chronic levels measured as the average from
20 to 36 weeks of gestation were significantly different between
control and 2000 IU, control and 4000 IU, and 2000 and 4000 IU
(p< 0.0000).

The secondary outcome measure of attaining a total
circulating 25(0OH)D level of at least 80nmol/L at the time of
delivery was met by 43 of 86 (50%) women in the 400-1U group,
63 of 80 (70.8%) in the 2000-1U group, and 68 of 83 (82%) in the
4000-1U group (Table 3), but there were 92 women with missing
levels at delivery (p< 0.0001). Because of the high correlation
(r=0.72, p< 0.0001) between 1 month prior to delivery and
delivery 25(0OH)D values, 1 month prior to delivery values were
used as a surrogate for delivery values for the women with
missing delivery room values. When combined, 57 of 109 (52.3%)
women in the 400-1U group, 93 of 117 (79.5%) in the 2000-1U
group, and 94 of 112 (83.9%) in the 4000-1U group achieved a
minimal circulating 25(OH)D level of at least 80nmol/L around
the time of delivery (p < 0.0001). Expressed as relative risk ratios,
as shown in Table 4, there were significant differences between
the 2000- versus 400-1U groups (relative risk [RR] = 1.52, 95% Cl

1.24-1.86) and between the 4000- versus 400-1U groups
(RR= 1.60, 95% Cl 1.32-1.95), but there was not a significant
difference between the 2000- and 4000-1U groups in this regard.

Vitamin D supplementation at various treatment doses given
to our pregnant population had a variable effect on circulating
levels of vitamin D3 and its metabolites (Fig. 2A). Supplementa-
tion of vitamin D3 at double the prior 1997 institute of Medicine
(IOM) recommendation of 2001U/d@) and the current IOM
estimated average requirement (EAR)'&L provided essentially no
increase in circulating vitamin D3levels and only a minimal 5 ng/
mL rise in circulating 25(0OH)D levels over the duration of the
study (Fig. 2A, B). Conversely, supplementing 2000 or 4000 IU/d
vitamin D3 had a profound effect on increasing both circulating
levels of vitamin D3and 25(0OH)D levels (Fig 2A, Band Table 5A, B).
Figure 3A describes the substrate-product relationship in ail
patients between vitamin D3 and 25(OFI)D. The relationship is
biphasic with respect to 25(OFI)D production, requiring at least
10ng/mL of circulating vitamin D3 to saturate the vitamin D-25-
hydroxylase.

Table 5A, B provides additional information with respect to
circulating 25(OH)D concentrations analyzed by race, vitamin D
dose, and stage of gestation. Clearly, race and duration of
supplementation have profound effects on the circulating level
of 25(OFI)D attained. Black women lag at every time point and
dose in relation to circulating 25(0OH)D level. This is especially
noticeable in the 400-1U group. In contrast, a greater proportion
of black women achieved a 25(OFI)D level of 80 nmol/Lor greater
by the second trimester in the 4000-1U group when compared
with both the 400- and 2000-IU groups (Table 56).

One of the most interesting biochemical findings in our study
was the association between circulating 1,25(0OF02D3 levels and
of circulating 25(OFI)D levels (Figs. 2C and 36). In exploring the
association between 25(0OH)D and 1,25(0OF1)2D3 levels, 25(0OH)D
level was found to have a direct influence on 1,25(0OFI)2D levels
throughout pregnancy (p< 0.0001). While the baseline
1,25(0OH)2D3 level in all groups at 12 weeks' gestation were
not significantly different (Fig. 2Q, within a few weeks, however,
the circulating 1,25(0H)2D3 levels became significantly

Table 3. Total Circulating 25(0OH)D Concentrations (nmol/L) During Pregnancy

Measure 400-1U group 2000-1U group 4000-1U group p Value

25(OFI)D at baseline, mean + SD 61.6 £27.1 58.3 + 22.3 58.2+21.8 0.5
Range (6.0-172.5) (14.0-115.3) (11.8-109.3)

25(OFI)D 1 month before delivery, mean+SD 79.4+34.3 105.4 +35.7 118.5+34.9 <0.0001
Range (16.0-193.0) (17.3-176) (26.3-243.5)

25(0OH)D at delivery, mean = SD 78.9 + 36.5 98.3+ 34.2 111.0+40.4 <0.0001
Range (12.5-159.5) 18.0-177.0 25.0-251.0

25(0OH)D, 20 to 36 weeks,3 mean+SD 79.1 £ 29.5 94.4 + 26.1 110.8 +28.3 <0.0001
Range (17.1-162.3) (16.7-149.1) (26.5-212.3)

Achieved 25(OH)D level > 80 nmoL at 1 month prior to 51 (50.0) 82 (73.9) 91 (82.0) <0.0001
delivery, n (%)

Achieved 25(0OH)D level >80 nmoL at delivery, n (%) 43 (50.0) 63 (70.8) 68 (82.0) <0.0001

Achieved 25(0OH)D level >80 nmoL at 1 month prior to 57 (52.3) 93 (79.5) 94 (83.9) <0.0001
delivery or at delivery, n (%)

Infant birth 25(OH)D, mean + SD 18.2+10.1 22.8+9.8 26.5+10.3 <0.0001
Range (2.4-48.4) (3.6-47.9) (2.4-52.0)
“Mean value was the average 25(0OH)D steady-state value obtained at visits between 20 and 36 weeks of gestation.
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Table 4. Secondary Outcome: Achieving Total

25(0OH)D, nmol/L
>80 nmol/L

>80nmol/L
>80 nmol/L

2000 1U, n (%)

93 (79.5)
4000 1U, n (%)
94 (83.9)
4000 1U, n (%)
94 (83.9)

400 IU, n (%)

57 (52.3)
400 1U, n (%)
57 (52.3)
2000 1U, n (%)
93 (79.5)

Risk ratio (95% CI)

1.5200 (1.2426-1.8594)
Risk ratio (95% CI)
1.6049 (1.3183-1.9540)
Risk ratio (95% ClI)
1.0559 (0.9340-1.1936)

Circulating 25(OH)D >80 nmol/L Around Time of Delivery by Treatment Group

Risk difference (95% ClI)

0.2719 (0.1530-0.3909)
Risk difference (95% Cl)
0.3163 (0.2005-0.4322)
Risk difference (95% ClI)
0.0444 (-0.0555-0.1443)

Note: Vitamin D sufficiency was defined a priori as atotal circulating 25(0OH)D concentration of 80 nmoL (32 ng/ml.) or greater. The following comparisons
were made: 2000-1U group versus the 400-1U group, the 4000-1U group versus the 400-1U group, and lastly, the 4000-1U group versus the 2000-IU group.
Risk ratios and risk differences were reported for each comparison with 95% Cls.

A Vitamin D3 (nmol/L) During Pregnancy by Treatment Group
Weeks ofGestation
400 U
| 12000 U
4000 U
Treatment Group 12 16 20 28 32 36
400 IUvs. 2000 IU 0.3 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
400 IU VS. 4000 1U 0.6 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
20001UV 4000 IU 0.1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Qroulatingl,2XCH2D(prol/L) during Rregency by Trestent Goup

mm 40iu

OEED 20001U

= m 4000H
Treatment Group 12
400 IU vs. 2000 IU 0.3
400 IU vs. 4000 IU 0.9
20001U v 4000 IU 0.4

Weeks ofGestation

16 20 24
0.6 0.1 0.06
0.1 0.01

0.3 0.3 03

0.003

28 32 36
0.001 0.007 <0.0001
0.001 0.003 <0.0001

0.9 0.7 0.8

B 25(0OH)D (nmol/L)During PregnancybyTreatmentGroup
Weeks of Gestation

mm «X) iu

€z3 200U

mm 4000 iu
Treatment Group 12 16 20 24 28 32 36
4001U vs. 2000 U 0.3 04 0.02 0.007 0.0001  0.0002  <0.0001
400 U vs. 4000 IU 0.4 0.002 <0001 <0.0001 <0.0001 <0.0001 <0.0001
20001Uv 4000 IU 0.9 0.008 0.009 <0.0001 0.0003 <0.0001 0.009

D

Intact Parathyraid Homrone (pnnol/L) during Pregrancy by Treatiment Goup

Weeks of Gestation

= 400U
GEE1 20001U
mm 4000 iu

Statistical difference (p-valuc) In mean intact PTH between

Treatment Group 12 16 20 24
400 IU vs. 2000 IU 0.4 0.6 0.1 0.8
400 IU vs. 4000 IU 0.6 0.06 0.03 0.5
2000 IU v 4000 IU 0.9 0.2 0.5 0.7

treatmentgroups at each week

28 32 36
0.049 0.4 04
0.006 0.3 0.049

0.3 0.6 0.2

Fig. 2. Circulating vitamin D, its metabolites, and intact PTH as a function of vitamin D3 dose and time during pregnancy. {A-D) The mean (+ SEM)
circulating concentrations of vitamin D, 25(OH)D, 1,25(0H)2D3 and intact PTH at defined time points during pregnancy.
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Table 5. Circulating 25(0OH)D and PTH Changes During Pregnancy by Treatment Group and Race/Ethnicity

A. Circulating 25(0OH)D (nmol/L) by Trimester Stratified by Treatment Group

Treatment group Baseline 25(OH)D, mean+SD Second trimester,3 mean = SD

One month prior delivery, mean + SD

400 IV 61.2 £27.1 76.1 £ 275 81.2+35.9
20001V 575+ 224 84.2 +23.0 102.6 +36.4
40001V 59.8 + 25.4 98.6 + 27.3 114.2+35.5
p Value 0.5 <0.0001 <0.0001
B. Circulating 25(OH)D (nmol/L) By Trimester Stratified by Treatment Group and Race/Ethnicity
400 U 20001V 40001V

Baseline Second One month A Baseline Baseline Second One month A Baseline to  Baseline Second One month A Baseline

25(0OH)D, trimester, prior to delivery, to 1 month 25(0H)D, trimester, prior to delivery, 1 month prior 25(OH)D, trimester, prior to delivery, to 1 month
Characteristic mean+SD mean=+SD mean+SD prior (p value) mean+SD mean=SD mean+SD (p value) mean+*SD mean + SD mean + SD prior (p value)
Black 37.3+17.1 48.8+21.1 49.4+ 284 12.7(0.009) 41.0+ 19.1 72.2+ 28.4 91.2+45.1 49.4 (<0.0001) 40.7 +20.1 81.0+26.4 97.8 +42.4 57.4 (<0.0001)
Hispanic 59.1 +21.6 76.9+21.7 79.5 +30.3 20.3 (<0.0001) 59.2+18.9 85.2+16.8 102.1 +£28.7  42.1 (<0.0001) 63.3 +27.6 101.4+28.2 121.1 £30.9  60.1 (<0.0001)
White 81.3 £23.8 95.2+20.6 106.9 + 26.4 25.0 (<0.0001) 71.9+ 19.0 94.9+18.3 115.7+31.8  44.4 (<0.0001) 71.3+ 17.3 109.8+19.2 120.4+29.7  50.4 (<0.0001)
p Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.02 <0.0001 <0.0001 0.008
C. Intact PTH (pmol/L) by Trimester Stratified by Treatment Group
Treatment group Baseline PTH, mean + SD Second trimester,c mean = SD One month prior to delivery, mean + SD
Control 19+ 1.0 19+ 1.0 22+1.3
20001V 1.8+0.9 1.7+0.9 21+1.1
4000 U 18+ 11 1.6+0.8 19+ 11
p Value 0.5 0.1 01
D. PTH (pmol/L) by Trimester Stratified by Treatment Group and Race/Ethnicity

400 U 2000 IV 4000 IU
Baseline Second One month Baseline Second One month Baseline Second One month
PTH, trimester, prior, PTH, trimester, prior, PTH, trimester, prior,

Characteristic mean+SD mean+SD mean+SD mean+SD mean + SD mean*=SD mean=SD mean * SD mean+=SD
Black 25%x1.2 26+ 12 31+1.8 21 +1.1 20+0.9 23+1.3 20+ 09 1.9+0.9 23=*1.1
Hispanic 1.8+0.9 1.8+ 0.7 2010 1.7+0.9 1.8+ 1.0 22+1.1 1.8+ 11 15+0.7 1.7+0.9
White 1.6+0.9 14+0.8 1.7x1.0 16+ 0.7 15+0.7 19+ 1.0 17+ 12 1.6+0.8 1.7+ 13
p Value 0.001 <0.0001 0.0002 0.01 0.055 0.3 0.6 0.06 0.06

bA baseline to 1 month prior connotes the change from the baseline 25(OH)D level to the level achieved at 1 month prior to delivery.
cSecond-trimester mean value was the average PTH value obtained at visits between 16 and 24 weeks of gestation.
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25(0H)D = 26.4 + 64.2* (L-exp (-0.48*X)) +0.32*x
R2=0.37; p<0.0001
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Circulating 25(CH)D (nmol/L)

,25(0H)2D = 291.23 * (1-exp (-0.0243 * 25(0H)D))

Fig. 3. Substrate-product relationships of vitamin D metabolites during
pregnancy. (4) The relationship between circulating vitamin Dto control
the production of 25(OH)D during pregnancy. (6) The relationship of
circulating 25(0OH)D to control the production of 1,25(0H)2D3 during
pregnancy. All data points for all subjects in all groups were included in
this analysis.

elevated in the 2000- and 4000-1U groups as opposed to the
400-1U group.

The relationship between these vitamin D metabolites is
examined more closely in Fig. 36. This figure clearly demon-
strates a biphasic relationship between circulating 25(OFI)D and
1,25(0F1)2D3, with circulating levels of 25(0OH)D of at least
100nmol/L  (40ng/mL)
1,25(0H)2D3 output in the pregnant women. It is also worthy
to note that circulating 1,25(OF1)2D3 levels at 12 weeks' gestation
are approximately triple that of normal, nonpregnant female and

required to support maximum

normal male subjects, as reported previously'sal (Fig. 2Q.
Figure 2D and Table 5C, D also display circulating intact PTH
levels. The trend of PTH in all subjects was higher as the subjects
progressed through pregnancy but was not significantly
different by treatment group. Decreases in circulating PTH were
observed if the levels attained were analyzed by race. The black

VITAMIN D SUPPLEMENTATION DURING PREGNANCY

group clearly had decreasing circulating PTFI as circulating
25(0OH)D levels increased (Table 5C, D).

Circulating levels of VDBP were measured in 80 selected
subjects based on their circulating 1,25(0H)2D3 levels, which
ranged from 224.9 to 768.0 pmol/L at various stages of gestation.
The average level of VDBP detected in these subjects was
5.45+ 1.26 |[xmol/L, which represented a 39% increase over
normal subjects. Further, using linear regression, no relationship
was observed between circulating VDBP and 1,25(0OH)2D3
levels.

With respect to the effect of circulating 25(OH)D on either
blood calcium or urinary calcium level, no significant effects were
observed with one exception—that being the relationship
between low circulating 25(0OH)D and urinary calcium levels
(Figs. 4A, 6 and 5). From Fig. 5, it would appear that
approximately 75 nmol/L (30 ng/mL) of circulating 25(OFI)D
was required in the pregnant women to normalize urinary

A Serum Calcium (nmol/L) During Pregnancy by Treatment Group

mQO™ b omql| 'i‘so

Weeks of Gestation

| Control
! 2000 U
1 4000 U

g  Urine Calcium Creatinine Ratio (mmol/L)/(mmol/L) During
Pregnancy by Treatment Group

16 20 24 28 2

Weeks ofGestation

| Control
320001V
| 4000 1IU

Fig. 4. Serum calcium and urinary calcium/creatinine ratio as a function
of vitamin D3 dose and time during pregnancy. (A 6) the mean (+ SD)
serum calcium and urinary calcium/creatinine ratio at defined time points
during pregnancy.
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Relationship of Circulating 25(OH)D on the
Urinary Calcium/Creatinine Ratio During Pregnancy

100 150 200 250 300
Circulating 25(0OH)D (nmoL)
Urinary Caicium/Creatinine Ratio =0.684 * (1-exp (0.0264 * 25(0OH)D))

Fig. 5. Relationship of circulating 25(OH)D on the urinary calcium/creat-
inine ratio during pregnancy. All data points are included for all study
patients. Urinary calcium and urinary creatinine were measured in mmol/
L Ratio was calculated from measurement of urinary calcium (mmol/L)
divided by measurement of urinary creatinine (mmol/L).

calcium excretion. Above that threshold, 25(OH)D appeared not
to influence urinary calcium and subsequent excretion.
Throughout the study, there were no statistically significant
differences between groups on any safety measure: serum
calcium, creatinine, and phosphorus and urinary calcium/
creatinine ratios (p value not significant [pNS] between groups).
Review of adverse events by the DSMC showed that not a
single adverse event in this trial was attributed to vitamin D
supplementation or circulating 25(OH)D levels. There was one
safety measure stop implementation: In the 4000-1U group, one
woman with a baseline circulating 25(0OH)D level of 29.3 nmol/L
(13.3ng/mL) increased to 233.3 nmol/L (93.3ng/mL) at visit 2.
Her follow-up circulating 25(0OH)D level at the return visit prior
to stopping supplementation had decreased to 66.6ng/mL.

Although her urinary calcium/creatinine ratio and all serum
biochemical indices were within normal limits, the woman
ceased supplementation per protocol. Two additional women
met upper threshold criteria at the time of delivery; both had
commenced sunbathing during the weeks prior to delivery; no
toxicity by any parameter in either mother or baby was found.

Mode of delivery and neonatal characteristics by maternal
treatment group are found in Table 6. There were no differences
between the groups in terms of gestational age at delivery or
birth weight. In addition, there were no significant differences in
level of care (newborn nursery versus higher level of care, ie, level
2 or neonatal intensive care admission) or increased adverse
outcomes of pregnancy related to maternal vitamin D intake.
There were several differences, however, in terms of neonatal
vitamin D status by treatment group. Neonatal 25(0H)D was
significantly correlated with maternal 25(0OH)D overall, 1 month
prior, and at delivery (r2= 0.6, odds ratio [OR] = 0.50) and was
significantly different by treatment group: 45.5 + 25.3 nmol/L
(18.2 = 10.1 ng/mL, control), 57.0 = 24.5 nmol/L (22.8+9.8ng/
mL, 2000-1U group), and 66.3 £25.8 nmol/L (26.5+10.3 ng/mL,
4000-1U group; p< 0.0001). By treatment group, using IOM
guidelines for sufficiency [total circulating 25(OH)D > 50 nmol/L
or 20 ng/mL],(8) 31 of 78 (39.7%) neonates in the 400-1U group,
53 0f 91 (58.2%) in the 2000-1U group, and 66 of 84 (78.6%) in the
4000-1U group had a cord blood/neonatal 25(OH)D level in the
sufficient range (p< 0.0001).

Discussion

Inthis randomized, controlled trial of vitamin D supplementation
during pregnancy involving a diverse group of women living
at latitude 32°N, those women randomized to 4000 IU/day
compared to those receiving 400- or 2000 IU/day experienced
improved vitamin D status throughout pregnancy, 1 month prior
to delivery, and improved vitamin D status in their offspring at
birth. Irrespective of race and ethnicity, this improvement in
vitamin D status was achieved without any evidence of

Table 6. Characteristics at Delivery by Vitamin D Supplementation Group

Characteristic

400-1U group (n= 111) 2000-1U group (n= 122) 4000-1U group (n=117) p Value

Maternal age at delivery (years), mean + SD 27.4+57
Mode of delivery3: n (%)

Uncomplicated vaginal

Assisted vaginal

C/S after labor

C/S without labor

Vaginal, any type

Primary C/S
Gestational age (weeks) at delivery, mean = SD
Birth weight (g) at delivery, mean + SD
Admission to level Il or lll, n (%)

69 (62.2%)
2 (1.8%)
23 (20.7%)
17 (15.3%)
71 (74.7%)
24 (25.3%)
386+22
3221.8 +674.9
12 (10.8%)

Delivery Characteristics by Vitamin D Supplementation Group:

28.0 +5.7 27.1 +5.5 0.49
81 (66.4%) 81 (69.8%)
4 (3.3%) 9 (7.8%)
19 (15.6%) 19 (16.4%)
18 (14.8%) 7 (6.0%)
85 (79.4%) 90 (85.7%) 0.15
22 (20.6%) 15 (14.3%)
38.8+1.8 39.1 +1.8 0.17
3360.1 +585.0 3284.6 £597.6 0.23
14 (11.5%) 11 (9.4%) 0.9

aVode of delivery was categorized a priori as either a vaginal delivery (defined as spontaneous vaginal delivery or assisted vaginal delivery [which
included use offorceps or vacuum extraction]) or cesarean section (C/S; further subdivided as cesarean following labor, cesarean without labor, and repeat
elective cesarean). Primary cesarean section included women who had undergone acesarean section with or without labor for either a maternal or fetal
indication and did not include women who underwent a repeat, elective cesarean section.

I 2352  Journal of Bone and Mineral Research

HOLLIS ET AL

HBO090 Support Document-HOIlis-WAgner-study-RCT safety-2011, Page 12 of 17



hypervitaminosis D or an increase in adverse events during
pregnancy and with optimization of 25(OH)D and 1,25(0OH)2D3.
From the standpoint of enzyme kinetics, this simply means that
in the case of vitamin D being converted to 25(OH)D and
subsequently to 1,25(0OH)2D3, enzyme saturation is occurring;
that is, reaction rates are moving from first-order to zero-order
enzyme kinetics. In simple terms, this means that an appropriate
amount of substrate is being supplied to produce maximum
product, that is, 25(OH)D and 1,25(0H)2D3; as such, no substrate
"starvation" is occurring.

At no point in human nutrition is it more critical to ensure
adequate nutrient intake than during the state of pregnancy.
Folate intake during pregnancy and its role in the development
of neural tube defect serves as a stark example.'53641 The limited
clinical investigation into meaningful dietary vitamin D supple-
mentation during pregnancy can be traced back to post-World
War Il Britain. Because of the British experience with idiopathic
infantile hypercalcemia attributed to hypervitaminosis D, an
inaccurate association occurred that had a profound effect on
the potential of vitamin D supplementation not only during
infancy but also during pregnancy. In 1963, Black and Bonham-
Carter'ésl recognized that the elfin facies observed in patients
with severe idiopathic infantile hypercalcemia resembled the
peculiar facies observed in patients with supravalvular aortic
stenosis (SAS) syndrome. By 1966, vitamin D was viewed by the
medical community asthe cause of SAS syndrome.'66671With the
advent of molecular genetics, the children with SAS syndrome
were discovered to have Williams syndrome, an example of
unipaternal disomy, with abnormal vitamin D metabolism.'68-751

The perception that vitamin D can inflict harm during
pregnancy still lives on today because many obstetrical
specialists are afraid to undertake vitamin D repletion during
this period. Research efforts in this area were further hampered
when in 1997 the Institute of Medicine (IOM) issued guidelines
that defined the adequate intake (Al) for vitamin D during
pregnancy to be 2001U/d, with intakes greater than 2000 IU/d
causing potential harm.'40l Recently, the IOM issued new
guidelines with respect to pregnant women that define the
estimated average requirement (EAR) and recommended dietary
allowance (RDA) to be 400 and 600 IU/d, respectively. The IOM
also increased the tolerable upper intake limit (UL) to 4000 1U/
d.'62) These new guidelines, with the exception of the UL, are
based on old data because limited new data exist. The result
of prior and current guidelines is that most prenatal vitamins
contain only 400 IU of vitamin D. In our experience, many of
today's practicing obstetricians are unaware of the vitamin D
content in prenatal vitamins or have a fear of administering
additional vitamin D supplements to pregnant women.

Our study was based on two previous vitamin D supplemen-
tation studies in nonpregnant adults that appeared to be
safe.'48581 Prior to undertaking the NIH-funded study described
here, however, we had to obtain an Investigational Drug Number
from the FDA, which entailed writing a complete investigational
drug application. This was required by the FDA because we
proposed using a vitamin D3 dose of 4000 IU/d, 20 times the Al
and twice the safe limit put forth by the I0OM in 1997'401 but
currently put forth as the UL.'&LThus, our study is the first one to
test this current UL in pregnant women.

VITAMIN D SUPPLEMENTATION DURING PREGNANCY

The only known avenue of vitamin D toxicity is manifested
through hypercalcemia and hypercalciuria,'78L neither of which
was observed in our ramdomized, controlled trial (RCT). In fact,
our Data and Safety Monitoring Committee concluded that not a
single adverse event in this RCT could be attributed to vitamin D
intake. Hypervitaminosis D is largely arbitrarily defined as
circulating levels of 25(0OH)D that exceed 375nmol/L (150 ng/
mL), a level we never attained with our dosing regimen. As has
been observed in other human supplementation studies, the
conversion of vitamin D to 25(0OH)D appears to be controlled.'771
Further, it has been known for decades that during pregnancy
1,25(0H)2D3 levels become extremely elevated."’871 This
increase in circulating 1,25(0H)2D3 levels has in particular been
attributed to an increase in the serum vitamin D-binding protein
(VDBP) that would regulate the amount of "free" 1,25(0OH)2D3
available in the circulation.'Z1 While this rise in VDBP during
pregnancy has been shown to be 46% to 103%, depending on
the assay employed,'81l it cannot account, however, for the
nearly three- to fourfold increase in circulating 1,25(0H)2D3
observed in our study. Bikle and colleagues'8ll clearly demon-
strated that free 1,25(0OH)2D3 levels are increased during
pregnancy despite the significant increase in VDBP levels. We
were unable to measure "free" circulating levels of 1,25(0H)2D3
in our subjects, but our data agree with those of Bikle and
colleagues in that no relationship was observed during
pregnancy between circulating VDBP and "total" circulating
1,25(0H)2D3.'8l) New data from our study suggest that a
circulating 25(OH)D level of approximately 100 nmol/L (40 ng/
mL) is required to optimize production of 1,25(0H)2D3 during
human pregnancy through renal and/or placental production of
the hormone (Figs. 2C and 36). It is also of great interest that
production of circulating 1,25(0H)2D3 in the fetus is linked
directly to circulating 25(OH)D. 10>

Clearly, vitamin D metabolism is greatly altered during
pregnancy, and pregnancy itself is the primary driver for these
extraordinary circulating 1,25(0OH)2D3 levels. From our data, it is
evident that production of 1,25(0OH)2D3 is really not under the
control of the classic regulators of calcium, phosphorus, and PTH.
The dramatic rise in maternal circulating 1,25(0H)2D3 following
conception is remarkable for many reasons: By 12 weeks of
gestation, maternal circulating 1,25(0OH)2D3 levels are already
triple those of a nonpregnant female (Fig. 2Q. From that point in
gestation, the 1,25(0H)2D3 levels rise much higher and are
driven by substrate— 25(OH)D— availability (Fig. 36). This
substrate dependence of 1,25(0H)2D3 production is never
observed in normal human physiology driven by classic calcium
homeostasis.'108,331

Another remarkable factor in pregnant women is how they
can attain supraphysiologic levels of 1,25(0H)2D3, sometimes
exceeding 700 pmol/L in our study, and never exhibit hypercal-
ciuria or hypercalcemia. These tremendous circulating levels of
1,25(0OH)2D3during pregnancy are possibly of placental origin or
from the renal 1-a-hydroxylase that would have to be uncoupled
from feedback control and for reasons other than maintaining
calcium homeostasis. The second scenario is most likely because
women with nonfunctional renal 1-a-hydroxylase and normal
placental function fail to increase circulating 1,25(0OH)2D3during
pregnancy.'841The increased levels of 1,25(0H)2D3 may be due to
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the methylation ofthe catabolic CYP24Al placental gene.'&lL It is
possible that calcitonin may be a contributor to this process in
that calcitonin rises during pregnancy,18lis known to stimulate
the renal la-hydroxylase gene independent of calcium
levels, 187881 and also protects by opposing hypercalcemia.'81
Another possible stimulator of 1-a-hydroxylase during pregnan-
cy is prolactin.'@L If prolactin were a major contributor, however,
the effect should continue into lactation, which we do not see,
and would be accompanied by elevated circulating 1,25(0H)2D3
levels, which also are not seen.l9ll Further, the physiologic
function ofthis altered vitamin D metabolism may be related to
increased reliance on innate immune function during pregnancy,
as well as decreased adaptive immune responses,1781091
protecting the newborn from respiratory infection and subse-
quent wheezing'BA1L and possibly epigenetic alterations in
invariant natural killer (NK) T cells, which can lead to increased
autoimmune disease prevalence.'%%1 As supported by this and
prior studies, it is important to remember that for cord blood to
attain a 25(OH)D level of 50 nmol/L, the maternal 25(OFI)D level
would need to be at least 80 nmol/L.'971

Our data also suggest that a circulating level of approximately
75 nmol/L (30 ng/mL) of 25(OFI)D is required to normalize
calcium excretion into the urine. Interestingly, this value is
virtually identical to the value obtained by Fleaney and
colleagues with respect to the equilibration of intestinal calcium
absorption.'®8L This increased level of circulating 25(OH)D in the
pregnant woman also appears to reduce circulating PTFI,
especially in black subjects. It is also important to compare
our study results with respect to two recent reports dealing with
vitamin D supplementation during pregnancy.'®%1 The IOM
report recommends a vitamin D intake of 400 to 6001U/d and
states that this level can be obtained solely from the diet. Further,
this intake level would be sufficient to meet their circulating
25(OFI)D target of 20ng/mL (50 nmol/L).'621 Even using this
conservative 25(OH)D level, the I0OM recommendation would
have left more than 50% of our total cohort and more than 80%
of black women in the cohort deficient at study entry. The
Endocrine Society's recommendation of a daily vitamin D intake
of 1500 to 2000 IU and target 25(OFI)D level of greater than
30ng/mL (75 nmol/L)'®L is more sound advice yet is still
conservative compared with our study results. It must be
pointed out that the purpose of the IOM report was to guide
food manufacturers and fortifiers and is not intended to
guide clinical practice.'&L On the other hand, clinical practice
guidance is precisely the purpose of the Endocrine Society's
recommendations.'®L

This study has certain limitations. This study was conducted at
a southern latitude, and therefore, the vitamin D requirements of
women living at more northern latitudes could be greater. While
women with preexisting hypertension and diabetes were
excluded from the study, these women may be at greater risk
of vitamin D deficiency and therefore may receive the greatest
benefit from vitamin D supplementation of4000 IU/d. Because of
safety concerns, women were not allowed to remain in the study
if their total circulating 25(0OH)D level rose above 225 nmol/L.
There were three women who attained this threshold, none of
whom had any associated hypercalciuria or hypercalcemia.
Lastly, owing to safety concerns that surrounded the use of
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4000 IU of vitamin D supplementation during pregnancy, the
study was designed to begin supplementation starting at the
twelfth week of gestation, beyond the period of early
organogenesis. Hence we cannot ensure the safety before the
twelfth week of gestation. With regard to vitamin D intake during
pregnancy, it is interesting that our study largely confirms the
observations of Obermer in England more than 60 years ago.'100L
Obermer's suggestions largely were ignored because of
greatly flawed associations between vitamin D and SAS
syndrome.'6566,1011 The data in our paper put us back on the
path suggested by Obermer with respect to vitamin D intake
during pregnancy. Additional studies will be necessary to
ascertain safety of 4000 1IU/d of vitamin D supplementation
before the twelfth week of gestation.

Conclusions

In summary, starting at 12 to 16 weeks of gestation, vitamin D
supplementation with 4000 IU/d was most effective in achieving
vitamin D sufficiency throughout pregnancy, 1 month prior to
delivery, and at delivery in a diverse group of women and their
neonates without increased risk of toxicity. These findings
suggest that the current vitamin D EAR and RDA for pregnant
women issued in 2010 by the IOM*62Lshould be raised to 4000 IU
of vitamin D per day so that all women, regardless of race, can
attain optimal nutritional and hormonal vitamin D status
throughout pregnancy.
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1.0 Project description
1.1 Purpose of Protect Our Children NOW! (POC)

Protect Our Children NOW! is a public health project whose purpose isto provide education
and vitamin Dtesting to pregnant mothers (and subsequently, their infants) to help individuals
manage their pregnancy health outcomes with regard to vitamin D status. The project will
acquire health information with respect to the outcomes of the pregnancies of the individuals
enrolled, i.e., such variables as preterm births, Caesarean sections, preeclampsia, low weight
for gestational age, and similar outcomes, and analyze the outcomes in relation to achieved
25(0OH)D status. The project is a public health intervention based on the Hollis, Wagner
randomized trial (see reference) which showed that a serum level of at least 40 ng/ml was a
preventive factor that predisposed the mother and fetus to decreased prenatal and postnatal
diseases. This report (Am JObstet Gynecol. 2012 Nov 3), showed a 50% reduction in preterm
births with the mother's vitamin D level at approximately 40 ng/ml, among other substantial
health benefits. Results will be taken to public health officials and translated to a larger
population to both substantiate the results as well asto help all pregnant women have safer
pregnancies, translating research into practice.

1.2 Overview of the GrassrootsHealth D*action Project

Protect Our Children NOW! (POC) is a project of the GrassrootsHealth D*action effort.
GrassrootsHealth (GRH), as a non-profit public health organization, is committed to improving
vitamin D status worldwide.

D*action is an international public health project started by GRH to help solve the vitamin D
deficiency epidemic. It currently involves over 10,000 individuals world-wide. Its principal
method consists of two efforts: 1) providing educational material concerning the benefits of
adequate vitamin D status, and 2) providing information about the participants' own vitamin D
status, thereby allowing participants to adjust their vitamin D intake to achieve desired levels.
The database which GRH has created contains anonymized health status information provided
by the enrollees. This database is available to competent scientists for the testing of various
hypotheses.

As a community-based subset of this larger D*action project, POC is focused on pregnant
women and their infants. The intervention, as with the larger project, consists of the provision
of educational materials and information about the participants' own vitamin D status, together
with gathering anonymized health status information from the participants.

Revised: September 23, 2013
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2.0 Overview of the Protect Our Children NOW!Project Design

2.1 Participants
The project will involve 500 women per sponsored community who are enrolled between the

12th and 16thweek of pregnancy.

2.2 Procedure

Enrollment consists of the completion of a health questionnaire (including the consent to
participate and to use the de-identified data for research purposes) and a serum 25(OH)D blood
spot test kit. Follow-up questionnaires and serum 25(OH)D blood spot test kits will then be
provided to be completed each 10 weeks of pregnancy (for atotal of 3 tests) and once for the
newborn at birth. The infant test is expected to be obtained from the cord blood at birth.
Health outcomes will be tracked and measured throughout pregnancy and in the newborns.
Educational tools and material will be provided to all participants on vitamin D and health.

2.3 Communications

Reminders (both phone and email) to complete correlating online health questionnaires will be
provided in conjunction with each test. An on-site Program Facilitator will be available to
participants in person should additional assistance be needed.

2.4 Outcomes Measured

Hard pregnancy outcomes such as pre-term birth, low birth weight, C-section, preeclampsia,
infection and other pregnancy complications will be acquired. There is an extensive online
questionnaire for data gathering that will be used with the pregnant women. It includes all the
conditions that the Hollis, Wagner study used including many comorbidities of pregnancy as
well as other health outcomes. We will be tracking intake of vitamin D and 25(OH)D serum
levels and looking for any association between achieved 25(OH)D level and pregnancy
outcomes. Additionally, outcomes in project participants will be contrasted with historical data
from the same community.

A summary of what will be measured is shown in the table in Section 6.0 (What we will be
Tracking).

2.5 Inclusion Criteria
This project will enroll:
1. Any woman who is 12-16 weeks pregnant is able to enroll in the study for vitamin D

testing and education. Their newborns will also be included.
2. Offspring of the enrolled women.

3. An option of adding women to the project at a preconception stage is available.

Revised: September 23, 2013

HBO090 Support Document- Protect our Children Now-booklet, Page 5 of 24



Protect our Children now Project Manual

2.6 Enrollment
Individuals will be recruited through referrals made by service providers and clinics involved in
the POC program in the sponsored community.

Participants will be enrolled after they logon to the website, verify that they qualify and give
consent, create their enrollment and enter data on a health questionnaire. They will then
receive a 25(0OH) D test, generally in the mail or at their service provider's location.

Informed consent is obtained through an IRB (Institutional Review Board) approved process
utilizing online forms at enrollment, and a consent form for the newborn participants' birth
location medical records, to be completed at birth.

2.7 Dismissal Process
Individuals who have enrolled in the POC program may be dismissed from further participation
in the program under the following circumstances:
1. |Ifthe first prenatal 25 (OH)D blood spot test and/or health questionnaire are not
completed and received by 20 weeks gestation.
2. Ifthe second prenatal 25(OH)D blood spot test and/or the second health questionnaire
are not completed and received by 30 weeks gestation.
3. Ifthe third prenatal 25(OH)D blood spot test and/or the third health questionnaire are
not completed and received by four weeks postpartum.
4. Ifthe newborn 25(OH)D blood spot test and/or the newborn health questionnaire are
not completed and received by two weeks of age.
5. If pregnancy isterminated, or if the participant suffers from miscarriage, stillbirth, or
other loss of pregnancy.
6. |If calcium levels too high? If other signs? Conditions? By order of the doctor?? (need
feedback from Wagner/Heaney)

In the case of any of the above, the participant will be notified of their dismissal from the
program, will be deactivated from the system, and will not receive additional 25(OH)D blood
spot tests or communications regarding the program.

2.8 Projected Intervention Dates

This is a population study (a concurrent cohort study, not a clinical trial) which is aimed at
providing continuous education about vitamin D and serum 25(01-1) D testing to individuals so
that they can decide for themselves what actions to take. The intervention is an intensive
education program stressing the importance of vitamin D during pregnancy, along with other
proven health factors such as proper exercise, diet and supplementation, as well as feedback in
the form of actual vitamin D status (from the blood spot analysis).

Testing of serum 25(0OH) D concentrations will be done at 12-14 weeks, 22-26 weeks and 32-36
weeks of the pregnant mother as well as of the infant at delivery. Both the pregnant women
and their healthcare practitioners will be provided educational materials, videos and tracking
tools, and will have access to a support service person via phone.

Revised: September 23, 2013
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2.9 Duration of the Project- Phase 1

The approximate time from start to finish is about 24 months. The pregnant women are
expected to all be enrolled within the first 10-12 months of the project and the last 9+ months
will be data analysis, creation of a publication and submission to ajournal. There will be the
option for the women to continue their participation as well as having the child participate.

2.10 Sample/Data Identification & Handling

All test samples are provided from the participants with their unique participant ID on the
blood spot sample card. The participant ID is assigned by the system at initial sign-up. This
coding system allows for anonymous processing at the contracted laboratory.

Back of Blood Spot Specimen Card

Registration Code / Clinic ID (if applicable) Special code for clinics or

Unique & Ambiguous
other group participation

Participant Identification

Number
Participant ID
. . Date of Blood Spot
Participant Date of Birth dil/d 1/ A | d hdb B Collection
Date of Birth Collection Date

The participants must provide blood spots that are at least % inch or 6 mm in size each, and
which penetrate the blotter paper, in order to be adequately processed and analyzed.

Interior of Blood Spot Specimen Card

AEPRE = WNGCEPARE

VEEERY | | oot
m 0 P
1% ] Migersfidatagicios
lagpdgprade I
rmmarar
0223102277/ B Jfe Blood Spots
“ 315131 W W

F# in BOTHspots, each atlent 1/4inch\

blood to dry 30 minutes befare<
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Blood Spots must be at least % inch or 6mm Wide

Completed serum 25(01-1) D blood spot test cards are sent directly from the participant to
GrassrootsHealth and then processed at a contracted laboratory that adheres to the testing
criteria established by the NIST (National Institute of Standards Technology).

The data from questionnaires are recorded each time a blood spot test is completed via the

online entry system, MyOWNHealth (see Section 5.1), which could be at a clinic or used by a
participant at home. The specifics of where the data are gathered are to be worked out with
different community areas. Online and smart-device tools will also be available to individual
participants and clinics to assist in and promote accurate tracking.

Other items clinics and/or participants will have the option to track include nutrient intake,
exercise, lifestyle habits and other regular daily activities.

Revised: September 23, 2013
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3.0 Project Kit Contents

The contents of each serum 25(OH)D blood spot test kit will provide all the necessary materials
needed to complete the test safely at home. The vitamin Dtest requires that the participant
use a self-loaded lancet to prick a fingertip to get blood to drop on a card. Enclosed in the kit
are an alcohol swab, gauze, band aid, the bloodspot card, areturn envelope and instructions.

The initial 25(01-1) D blood spot test kit will be sent upon completion of registration, the online
questionnaire and the consent forms. Follow-up test kits will be sent automatically with
prompts for the participant to complete the corresponding online health questionnaire.

Serum 25(0OH) D Test Kit Contents:

1 Instruction sheet !
1 FAQ i
1 POC tri-fold card

1 business card

1 addressed return envelope

1 blood spot card

1gauze pad ]
1 alcohol prep pad

1 Band-Aid |
2 lancets [

Each test kit is associated with an online health questionnaire, to be completed within the same
time frame. The Test Kit contents for the pregnant participants are the same as those for the
newborns. The pregnancy health questionnaires and newborn heath questionnaire, to be
completed online at the time of testing, are provided as a separate reference document.
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4.0 Summary of Enrollment & Participation

4.1 Summary - Project Components

Online Registration
Consent to Participate

For the participantto complete

Online Health Questionnaire via MyOWNHealth

Medical Records Release Form

Consent to Notify Health Care Provider of Results (optional)

Once the above iscompleted

Shipment of Serum 25(0OH)D Test Kit to Participant

Full access to MyOWNHealth Educational Tool and other Support
Materials (see Section 5.1)

Responsibilities of the project coordinators:

1) Ongoing prompts and communications regarding
completion of questionnaires, tests, and consent items

2) Ensuring eligibility of participants

3) Shipment of test kits to participants

4) Verbal and online assistance to participants if needed

5) Assisting with additional educational opportunities and

materials

10
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Participant Enrollment Initiation & Completion

12-16 weeks gestation

Registration

Consent

Online Pregnancy Health Questionnaire 1
Serum 25(0OH) DTest 1

22-26 weeks gestation
Online Pregnancy Health Questionnaire 2
Serum 25(0OH)D Test 2

32-36 weeks gestation (or at birth if birth occurs first)
Online Pregnancy Health Questionnaire 3
Serum 25(0OH) D Test 3

At Birth

Hospital Records Release Form

Online Newborn Health Questionnaire
Newborn Serum 25(0OH) D Test

Data analysis
Creation of publications and journal submissions
Public action

11
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5.0 Participant Engagement
5.1 The MyOWNHealth™ Application

The MyOWNHealth™ Education System is a suite of applications for self-health management
for individuals enabling personalized information, analysis and tracking of targeted health
outcomes and changes by the end-user. Medical Practices can use the educational system
modules for its clients to help the clients understand/learn about what health choices are
recommended and to enable them to choose and track results, and learn how certain practices
influence the outcomes. The end results are better informed and consequently healthier
patients and, a more detailed compilation of health factors and outcomes.

This system is free to any participant ofthe Protect Our Children NOW project.

All questionnaire and health data is collected from the participants through the MOH
application.

12
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6.0 Questionnaires

A copy of each online health questionnaire is provided as a separate reference document.
Instructions: how to correctly complete the forms

The health questionnaires and consent forms have been developed to be entered directly into a
computer-based electronic database through the MyOWNHealth application system, with
exception ofthe Medical Records Release Form.

Forms that will be completed directly onto the computer are listed below:
Online Participant Registration

Research Consent Form

Pregnancy Health Questionnaire 1, 2 and 3

Newborn Health Questionnaire

Forms that will be paper-based are listed below:
Medical Records Release Form

Informationfor the project coordinator:
Each questionnaire will have the name of the questionnaire, date of each entry, and the
participant identification number.

Identification Number: The participant ID is assigned to each participant automatically by the

electronic database at initial sign-up and enrollment. Each participant ID consists of a set of 8
numbers and is included on each specimen sent to the lab for processing.

15
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Gender

Ethnicity

Weight

Height

BP

Pregnancy Status
Expected date of
delivery

Pregnancy History: #
Pregnancies, # Live
Offspring,
complications,
abortions, miscarriages

Conditions of
Pregnancy: Date of Dx,
Hospitalization,
Medication

Gestational diabetes
Pregnancy-induced
hypertension
Pre-eclampsia
Eclampsia

HELLP Syndrome
Pre-term labor
Infection: UTI, BV, GBS,
Other

Delivery Method
Spontaneous vs/
Induced

Induction Method
Complications during
Labor

Failure to Progress
Cephalopelvic
Disproportion

Fetal Decelerations /
Fetal Distress
Infection

Placental abruption
Other

PREGNANCY

X

X X X X X X

x

X X

X X X X X

X X

X X

Protect our Children now/ Project Manual

7.0 What we will Track

NEWBORN
X

X X X X X

PREGNANCY

Gestation Time
Number of Offspring
Health Status of
Newborn at Birth
Living vs/Stillborn
Complications

NICU Admission, Level,
Reason

Preterm Birth
Respiratory Distress
Syndrome

Newborn Septicemia
Transitory Tachypnea
Suspected Infection
Other

APGAR Score
Gestational Age: EDC,
Exam

Breastfeeding Status
Formula Intake
Personal Health History
Cancers: Breast, Colon,
Prostate, Ovarian,
Melanoma, Other

Diabetes: Type 1, Type 2

Multiple Sclerosis

Hypertention

Pneumonia

Heart Attack

Stroke

Alzheimers

Angina Pectoris

Celiac Disease

Chronic Fatigue

Eczema or serious rash

Preeclampsia

Fibromyalgia

Gluten Intolerance

Kid gre
'
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X
X
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NEWBORN
X

X X

X X

X X X X X X
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Lactose Intolerance
Myasthenia Gravis
Parkinsons

Other

STDs: Chlamydia,
Gonorrhea, Herpes, HIV,
Syphilis, Warts

Drug Allergies

Recent OTC Medication
Use

Surgical History

Falls

Broken Bones

Colds

Hu with symptoms
fever

muscle pains
headaches

weakness

upper respiratory
gastrointestinal

Pain: location, rating,
reason

Milk Intake

Vitamin D Intake:
Amount, Brand, Type
Vitamin A Intake
Calcium Intake
Additional Supplement
Use

Sun Exposure: clothing,
sunscreen, time of day
Indoor Tanning
Vacations: location, time
of year

Physical Activity:
amount, indoor vs/
outdoor, mild vs/
moderate vs/ strenuous

Smoking: current,
history, second hand

Alcohol Intake
Diet

PREGNANCY NEWBORN
X

X X X X

X X

X X X X X X X X X X X X

X X

X X

>

x
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Family Health
History
Anemia
Cancer
Breast Cancer
Colon Cancer
Ovarian Cancer
Other Cancer
Diabetes
Heart Disease
Hypertension
Lung Disease
Kidney Disease
Parathyroid Disease

HB090 Support Document- Protect our Children Now-booklet, Page 17 of 24
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8.0 Summary of implementation Options - other items to Track

Daily Required Nutrients

(from all sources)

Vitamin A 2500 IU
Vitamin B1 (Thiamin) 1.4 mg
Vitamin B12 2.6 meg
Vitamin C 85 mg
Calcium 1000 mg
Vitamin D A
Vitamin E 221U
Folate 600 meg
lodine 220 meg
Iron 27 mg
Liquid 64 oz
Omega 3 (DHA) 300 mg
Probiotics 40 b?llion .CFU
multi-strain
Protein 7149
Zinc 11 mg

*** Take daily amount necessary to achieve 25(OH)D level of 40-60 ng/ml

This checklist is a combination of requirements from institutions including: the U.S.
Preventive Services Task Force; the Centers for Disease Control and Prevention; the American
College of Obstetricians and Gynecologists; the Institute of Medicine; the National Institute of
Child Health and Human Development; and GrassrootsHealth Scientists.
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Lifestyle Recommendations

Alcohol Intake O/day

Caffeine Intake 200 mg/day max
Fish with high mercury levels O/day
Fruit/Vegetable pesticides 100% washed
Lead / Radiation exposure O/day

Physical Exercise (Moderate) 30 min/day

Raw or undercooked meats &

seafood 0/day

Smoking O/day
Toxoplasmosis exposures O/day

Unpasteurized milk or soft cheeses 0/day

This checklistis a combination of requirements from institutions including: the U.S.
Preventive Services Task Force; the Centers for Disease Control and Prevention; the American
College of Obstetricians and Gynecologists; the Institute of Medicine; the National Institute of
Child Health and Human Development; and GrassrootsHealth Scientists.

19
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9.0 Educational Tools

9.1 CMEs for Medical Personnel
There will be online continuing education courses on Vitamin D, Vitamin D & Pregnancy
provided by the vitamin D researchers. They are free to the physicians.

9.2 Scientists Answer Your Questions Webinars

Additional education is offered through scheduled webinars with top vitamin D researchers.
Registrants are offered the opportunity to ask their questions of each presenting expert for
reliable, evidence-based answers. While no medical advice is offered during these webinars,
they do provide an opportunity for participants to obtain a greater understanding of vitamin D
and various health concerns for both pregnant and non-pregnant individuals.

The webinars are free for any who wish to participate. Additional information can be found at
grassrootshealth.net/webinars.

9.3 Educational Documents & Charts

The following documents and charts can be found at grassrootshealth.net/documentation,
downloaded and printed to share:

Disease Incidence PreventionChart in ng/ml

Disease Incidence PreventionChart in nmol/L
Scientist's Call to D*action

Vitamin D FAQs

Vitamin D FAQs for Pregnancy, Breastfeeding & Babies
Serum Level vs Intake Charts

o O O o o o

Additional educational handouts on various pregnancy health topics will be accessible to each
participant through the MOH system.

9.4 Ongoing Electronic Videos
Videos of interviews with researchers, clinicians will be made available to the project
participants throughout the project.
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>
10.0 cost and Schedule overview

Protect Our Children NOW! Project 500 Participants

Initial Definition Consult $10,000

Tests, kitting, materials (3) $52,500

Tests, infants (1) $17,500

Project Management $60,000

Education (Online CME) $35,000

Programming/technical $35,000

Onsite Support $90,000

IRB Updates $10,000

Publication $50,000

Supplements $50,000

Travel, Misc. $50,000

Total $450,000

B c DEFGHlJKLMNOPQRSTUVWXYZAAAB
TASK Duraion pre 1 2 3 4 5 67 8 o 0NN R13141516171810D2A2 52
1 Funding 1day 1
2 Meet with Local Groups 5 days 1 1
3 Assign Local Leaders
4 Hire local project manager
5 Define enrollment group
6 Detail enrollment methodology i
7 Schedule/prepare on-site course by scientist(s) (fc 36 days 2
8 Do on-site course 1 day 7
9 Initial education, practitioners 1 day 8
10 Enrollment of 500 + 100 (infants) 270days 9
11 Ongoing education, practitioners, enrollees 660 days y
12 Generate publication 180days 10
13 Initiate Public Health Action Campaign 2days+ 12 EK )
MONTHS 24 mo JJ) AS ONDJ FMA MJJ] AS ONDIJ FMAM]
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Appendix 1 - Contact information

Protect Our Children NOWI Contact Information

Principal Investigator:

Project Coordinator:

Project Manager:

Revised: September 23, 2013

Dr. Carol L. Wagner, M.D.

Professor of Pediatrics and Neonatology
Medical University of South Carolina
315 S. Coast Hwy. 101

Suite U-87

Encinitas, CA 92024

Phone:

FAX:

Email:

Jen Aliano, M.S.

GrassrootsHealth Project Manager
315 S Coast Hwy. 101

Suite U-87

Encinitas, CA 92024

Phone: 760-710-9305

FAX:

Email: jen@ grassrootshealth.org

Carole Baggerly

GrassrootsHealth Director

315 S. Coast Hwy. 101

Suite U-87

Encinitas, CA 92024

Phone: 619-823-7062

FAX:

Email: carole@grassrootshealth.org
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Appendix 2 - Background Material & References

Studies indicate that serum levels of 25(OH)D in the range of 40-60 ng/m| may (based on the
specific disease) reduce or prevent serious health conditions during pregnancy and in the
infant.

The National Health and Nutrition Examination Survey (NHANES)1reported that 90% of
Mexican-American adolescent females had serum 25(OH)D values below 30 ng/mL (the lower
end ofthe normal range proposed by the Endocrine Society); 20% were below 15 ng/mL. For
African-American adolescents, the corresponding figures were 99% below 30 ng/mL and 58%
below 15 ng/mL. Values for women in their 20s were not appreciably different.

Almost all individuals are unaware of their vitamin D status and many may be deficient.
Offering testing will allow individuals to become informed of their vitamin D status.
Currently, there is no way to tell a person's serum level without administering a blood test.
Even if a person is taking vitamin D supplements, there is a 3 fold variation in the 25(OH)D
concentration.

Pregnancy-Related Consequences of Inadequate Vitamin D Status

o Low maternal vitamin D status is associated with increased risk of C-section2

o Low vitamin D status in infants at birth is associated with increased risk of RSV
infection during the first year of life3

o Low maternal vitamin D status is associated with learning impairment in
offspring five and 10 years after birth4

o Low maternal vitamin D status is associated with increased prematurity,
preeclampsia, gestational diabetes, periodontal disease, and TORCH5-8

o Low infantvitamin D status in the first year of life is associated with strikingly
increased risk of type 1 diabetes prior to age 309

o Low vitamin D status in the first year of life is associated with increased risk of
preeclampsia in afemale child's own pregnancy when she becomes an adultl0

o Low maternal vitamin D status is associated with lower birth weight and smaller

head circumferencell
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A randomized trial of vitamin D supplementation in 2

community health center networks in South Carolina

Carol L Wagner, MD; Rebecca McNeil, PhD; Stuart A Hamilton, MD; Joyce Winkler, RN, MPH;
Carolina Rodriguez Cook, MD; Gloria Warner, MA; Betty Bivens, RA; Deborah J. Davis, MD;
Pamela G. Smith, RN; Martha Murphy, RA; Judy R. Shary, MS; Bruce W. Hollis, PhD

OBJECTIVE: We soughtto determine whether 4000 1ll/d (vs 2000 1U/d)
of vitamin D during pregnancy is safe and improves maternal/neonatal
25-hydroxyvitamin D [25(0H)D] in a dose-dependent manner.

STUDY DESIGN: A total of 257 pregnant women 12-16 weeks' gesta-
tion were enrolled. Randomization to 2000 vs 4000 IU/d followed
1-month run-in at 2000 IU/d. Participants were monitored for hypercal-
ciuria, hypercalcemia, and 25(0H)D status.

RESULTS: Maternal 25(0H)D (n = 161) increased from 22.7 ng/mL (SD
9.7) at baseline to 36.2 ng/mL (SD 15) and 37.9 ng/mL (SD 13.5) in the
2000 and 4000 IU groups, respectively. While maternal 25(0H)D change
from baseline did not differ between groups, 25(0H)D monthly increase dif-

fered between groups (P < .01). No supplementation-related adverse
events xcurred. Mean cord blood 25(0H)D was 22.1 + 10.3 ng/mL in
2000 lUand 27.0 + 13.3 ng/mL in 4000 IUgroups (P: .024). After con-
trolling for race and study site, preterm birth and labor were inversely asso-
ciated with predelivery and mean 25(0H)D, but not baseline 25(0H)D.

CONCLUSION: Maternal supplementation with vitamin D 2000 and
4000 IU/d during pregnancy improved maternal/neonatal vitamin D
status. Evidence of risk reduction in infection, preterm labor, and
preterm birth was suggestive, requiring additional studies powered
for these endpoints.

Key words: cholecalciferol, health outcomes, pregnancy, vitamin D
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which remained at 200 1U/d ofvitamin D

w ith avoidance of sunlight expo-

sure due to lifestyle changes, con-
cerns regarding skin cancer, and the re-
sultant widespread use of sunscreen,
fewer Americans are meeting their needs
for vitamin D.1'3 A study published in
2002 by the Centers for Disease Control
and Prevention and our laboratory at the
Medical University of South Carolina

(MUSC) revealed that 42% of African
American women in their childbearing
years exhibited vitamin D deficiency (hy-
povitaminosis D).4 More recent publica-
tions suggest that the rate of deficiency is
higher than previously reported.2'7

Until recently, there was no Recom-
mended Dietary Allowance (RDA) for
vitamin D, only an adequate intake,
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for decades.8 A 2010 review of the vita-
min D requirements by the Institute of
Medicine (IOM) resulted in a revised
RDA 0600 1U/d ofvitamin D,9and sug-
gested that fewer Americans are deficient
than previously reported.9 Using the
IOM definition of deficiency of <20
ng/mL (50 nmol/L); however, 2 recent
large studies ofvitamin D status in preg-
nant women living at latitude 32°N
(South Carolina) showed that African
American women were 8 times as likely
as Hispanic women, and 20 times as
likely as Caucasian women, to have vita-
min D deficiency.237 Yet little informa-
tion exists that addresses the vitamin D
requirements of the pregnant woman
and her fetus.10

The recent Eunice Kennedy Shriver Na-
tional Institute of Child Health and Hu-
man Development (NICHD)-sponsored
randomized controlled trial ofvitamin D
supplementation using 400, 2000, or
4000 1U/d of vitamin D3 starting at 12
weeks of gestation showed that 400 1U/d
was woefully inadequate in achieving vi-
tamin D sufficiency.7 Optimal 1,25-di-
hydroxyvitamin D3 [1,25(OH)2D] pro-
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duction (ie, the point at which its
concentration has reached steady-state)
was found to occur when total circulat-
ing 25-hydroxyvitamin D [25(OH)D]
concentration was at least 40 ng/mL (or
100 nmol/L).7 In addition, only the 4000
IU group achieved optimal status in all
women throughout pregnancy, includ-
ing second trimester, irrespective ofrace.
The translation of vitamin D supple-
mentation at these doses to other women
receiving care in a nonuniversity health
setting has become essential.

This study was undertaken to shed
light on the vitamin D requirements of
pregnantwomen receiving their prenatal
care at community health centers. The
study’s primary hypothesis was that vita-
min D supplementation of 2000 or 4000
1U/d during pregnancy was safe and ef-
fective in achievingvitamin D sufficiency
and would result in improved maternal
and neonatal health status. It was further
hypothesized that the 4000 IU dose
would result in a greater increase in
25(OH)D than the 2000 1U dose. The
coprimary outcome measures were the
change in circulating 25(OH)D concen-
tration from baseline to the completion
of pregnancy in the mother, and her ne-
onate’s 25 (OH)D concentration at birth.

M aterials and M ethods

Study design

This was a 2-center, randomized, dou-
ble-blinded study of vitamin D supple-
mentation (Food and Drug Administra-
tion Investigational New Drug #66,346;
ClinicalTrials.gov #NCT00412087). The
study was approved by the MUSC Insti-
tutional Review Board (IRB) for Human
Research (HR# 16476) and the Palmetto
Baptist Hospital (Columbia, SC) IRB for
Human Research (PH IRB# 2007-25).
Written informed consent was obtained
from each participant. Women <16
weeks’ gestation were eligible for partic-
ipation in the study.

A precedent NICHD vitamin D supple-
mentation trial during pregnancy had be-
gun in 2004 with baseline 25(OH)D anal-
ysis revealing marked deficiency among
darker pigmented women.3 Further, be-
cause 400 1U/d of vitamin D had already
been shown to be ineffective in maintain-

ingadequate vitamin D status during preg-
nancy7'11'14 and because the majority of
women being recruited in this study were
either African American or Hispanic, with
darker pigmentation and a greater likeli-
hood of vitamin D deficiency, a control
group that would receive 400 1U/d of vita-
min Dwas considered unethical by the sci-
entific review committee as well as the re-
searchteam. Hence, a control armwas not
included a priori in the study design.

Study setting

This study was conducted from Nov. 21,
2006, through June 30,2010, at Eau Claire
Cooperative Health Center (ECCHC) in
Columbia, SC, and Northwoods Commu-
nity Health Center (NCHC) in North
Charleston, SC. ECCHC and NCHC are
both Section 330 community health cen-
ters. At least 60% of the ECCHC and
NCHC patient populations are of racial/
ethnic minority groups, including Afri-
can American and Hispanicwomen. The
populations being served by ECCHC
and NCHC are among the poorest in
South Carolina; the majority of women
are 100% below the federally designated
poverty level and many women rank
200% below federal poverty level.

Inclusion and exclusion criteria

The inclusion criteria were; maternal age
£16 years; confirmed singleton preg-
nancy of < 16 completed weeks of gesta-
tion atthe time ofenrollment; and inten-
tion to receive ongoing prenatal care at
the community health center where con-
sent was obtained.

Mothers with preexisting calcium or
parathyroid conditions or who required
chronic diuretic or cardiac medication
therapy, including calcium channel
blockers, were not eligible for enroll-
ment into the study. Mothers with active
thyroid disease (eg, Graves, Hashimoto,
or thyroiditis) also were not eligible to
participate in the study; however, moth-
ers on thyroid supplement with normal
serological parameters could participate
in the study if they were without any
other endocrine dysfunction.

Randomization and intervention

Upon enrollment into the study, expect-
ant mothers’ vitamin D status was assessed
by measuring total circulating 25(OH)D
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and parathyroid hormone (PTH). Based
onthis initial 25(OH)D level, the random-
izationto 2000 or 4000 1U/d ofvitamin D3
was stratified using a cut point of 32 ng/
mL. Randomization lists were generated
by computer prior to the start of the
study. Randomization assignment was
blinded to all participants and to the in-
vestigators except for the study biostatis-
tician. Dose groups were identified for
logistical purposes using 6 letters (3 per
dose group) as an additional measure
against inadvertent unblinding.

Adherence to medication regimen
Adherence to the vitamin D supplemen-
tation regimen was measured by mater-
nal self-report and pill counts at each fol-
low-up visit.15 If a woman missed 1
prenatal visit, her next month’ssupply of
vitamins was mailed to her or delivered
to her residence. If a woman had >2
missedVvisits or ifshe failed to take at least
50% of the prescribed vitamin D pills,
she was exited from the study.

Study protocol

Gestational age at enrollment
Gestational age was based on last men-
strual period. If a woman was unsure of
this date, the obstetrical estimate at the
time ofthe visitwas used. If, at the 20-week
fetal ultrasound, it was determined by the
obstetrician that the gestational agewas in-
correct, the revised gestational age was
used.

Initial studyvisit

Baseline blood and urine samples were
obtained following each participant’s
consent at the initial visit (10 to <16
weeks). Irrespective of enrollment gesta-
tional age, vitamin D supplementation
did not begin before the 12th week of
gestation (12 and 0/7 weeks).

Subsequent studyvisits

Participants were followed with monthly
studyvisits, which continued until deliv-
ery. These visits coincided with routine
obstetrical visits. There was 1 additional
visit with mother and infant 2 weeks’
postpartum.

Completion of questionnaires
Participants completed questionnaires
used in the NICHD vitamin D preg-



nancy trial,7which included sociodemo-
graphic information, baseline health sta-
tus, and medical history at the first visit.
At the second visit, the Block Food Fre-
guency Questionnaire (Block, Berkeley,
CA) was completed to ascertain general-
ized eating pattern, with specific calcula-
tion of calcium and vitamin D in-
take.16'21 An interim maternal health
history questionnaire also was com-
pleted at each visit with the assistance of
the study coordinator to ascertain ad-
verse events, and type and frequency of
acute illnesses such as respiratory, gas-
trointestinal, and other viral and/or bac-
terial illnesses. A review of medications
and doctor’s visits was obtained at that
time. After delivery, the newborn record
of each infant was reviewed for mode of
delivery, birthweight (grams), and gesta-
tional age.

Blood and urine samples

Maternal blood samples were collected
at the firstvisit, then every other obstet-
rical visit and at the time of delivery.
Maternal urine samples were collected
at each visit. Cord blood was obtained
at delivery. If the cord blood sample
could not be obtained, a neonatal
blood sample was drawn within 2
weeks of delivery.

M aterials

Source of vitamin D

Vitamin D tablets (1600 and 3600 1U)
were manufactured by Tishcon Corp
(Westbury, NY) a Good-Manufactur-
ing-Practice facility. Hoffrnan-La Roche
Ltd (Basel, Switzerland) supplied the
cholecalciferol content contained in the
vitamin D tablet manufactured by Tish-
con Corp. The tablet vitamin concentra-
tion was verified by the company every 6
months and by an independent labora-
tory chosen by the investigators (Heart-
land Assays, Ames, 1A) using high-per-
formance liquid chromatograph with
ultraviolet light detection to ensure the
tablets met label claim throughout the
study; these results were reported to
the MUSC Investigational Drug De-
partment. Tablets were maintained
in the MUSC Investigational Drug
Division of Pharmacy until the time
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that theywere dispensed to enrolled sub-
jects at ECCHC or NCHC.

Source of prenatal vitamins

Prenatal vitamins (400 1U vitamin D3/
tablet) prescribed at study entry were
Myadec multivitamin-multimineral sup-
plement (distributed by Pfizer Consumer
Healthcare, Morris Plains, NJ). Those
mothers unable to swallowa prenatal vita-
min were given a Flintstones Complete
chewable vitamin (Bayer Healthcare,
Morristown, NJ) (400 1U vitamin D3
per vitamin).

Study measures

Maternal sociodemographic
guestionnaire

Upon enrollment in the study, each
mother was asked to complete a sociode-
mographic questionnaire to ascertain ma-
ternal age, race, educational level, occupa-
tion, and insurance status.

Race/ethnicity definition

Each mother was asked to describe the
racial/ethnic group to which she be-
longed, by selecting any applicable cate-
gories from African American, Cauca-
sian, Hispanic, American Indian, Asian,
and other.

Pregnancy intake and

surveillance survey

Upon enrollment, each woman was
asked to complete a health assessment
guestionnaire to ascertain her use of
medications (checklist) and over-the-
counter preparations that may have in-
fluenced vitamin D/calcium homeosta-
sis. Additional questions concerned use
of cigarettes and alcohol, and overall
health status.

Pregnancy health status, and labor

and delivery characteristics

and complications

Characteristics of each mother’s health
status and complications during preg-
nancy, labor, and delivery were re-
corded. Complications at the time of de-
livery were listed according to American
Congress of Obstetricians and Gynecol-
ogists definitions. In addition, if the
mother required hospitalization, a copy
of the hospital record was obtained after

she signed a release of medical informa-
tion form. Any acute illnesses or devel-
opment of pregnancy-related conditions
that were not preexisting also were re-
corded. When appropriate, the Data Safety
and Monitoring Committee (DSMC) and
the IRB were notified of any adverse
events.

Season

The season that each blood sample was
drawn was defined as spring (April
through May), summer (June through
September), fall (October through No-
vember), and winter (December through
March).

Maternal body mass

index measurement

Prepregnancy height and weight of each
mother were recorded at the first outpa-
tient visit to determine body mass index
(weight [kg]/height [m2]). During sub-
sequent visits, only the mother’s weight
was recorded, and the initial height and
updated weight were used to calculate
body mass index at each outpatient visit.

Neonatal growth parameters

At the postpartum visit, the infant’s
weight in grams, head circumference in
centimeters, and length in centimeters
were recorded. The growth parameters
were then plotted using Fenton growth
curves, which facilitate the calculation of
z-scores and permit the more precise as-
sessment of growth of infants who are
born preterm.22

Laboratory measurements

Maternal and cord blood/neonatal
total circulating 25(OH)D assays
Arapid, direct radioimmunoassay devel-
oped in an author laboratory (B.W.H.)
and manufactured by Diasorin Corp
(Stillwater, MN) was used to measure to-
tal circulating 25(OH)D concentration
in serum samples as previously de-
scribed.7.23 Based on clinical laboratory
classifications,24.2% a priori, deficiency
was defined as total circulating 25(OH)D
20 ng/mL (50 nmol/L), insufficiency as
220-32 ng/mL (>50-80 nmol/L), and suf-
ficiency as 2:80 nmol/L (2:32 ny/
mL).10,25'28 The interassay and intra-assay
coefficient ofvariation was <10%.

MONTH 2013  American Journal of Obstetrics & Gynecology  1.e3



Maternal and infant concentrations
ofserum calcium, creatinine,

and phosphorus

Maternal serum total calcium, creati-
nine, and inorganic phosphorus were
measured bimonthly (maternal) and at
delivery (cord blood) by MUSC Clinical
Chemistry Laboratory using standard
methodology and laboratory normative
data.

Monthly maternal urinary
calciumxreatinine ratio

Urinary calcium and creatinine were
measured monthly for each mother by
the MUSC Clinical Chemistry Labora-
tory (to convert mg/dL of calcium to
mmol/L, multiply the value by 0.25. To
convert ng/dL of creatinine to mmol/L,
multiply by 0.088), then expressed as a ratio
(urinary calcium [mg/dL]: creatinine [mg/
dL] ratio).

Maternal and cord blood
concentrations of circulating

intact PTH

Intact PTH (iPTH) was measured in se-
rum samples by immunoradiometric as-
say as previously described.7 The adult
normal range for iPTHin our laboratory is
1.3-5.4 pmol/L. Higher vitamin D levels
are associated with lower iPTH; asvitamin
D status improves, iPTH declines.

Safety monitoring

All study participants were monitored
monthly for hypervitaminosis D. The
first sign of hypervitaminosis D is hyper-
calciuria, ofwhich, urinary calciumxre-
atinine ratio is the most sensitive indica-
tor. Operationally, we defined a priori
caution limits for hypervitaminosis D as
aurinary calciumxreatinine (mg/dL) ra-
tio SO.8. The study’s DSMC reviewed
the quarterly summary reports that were
generated for all subjects enrolled in the
study. Whenever any patient was to ex-
ceed the caution limit, a specific case
study was to be initiated to examine the
contribution of confounding factors (eg,
diet, sunlight exposure). Operationally,
we were to stop vitamin D3 supplemen-
tation if the urinary calciumxreatinine
ratio (measured monthly) exceeded 1.0
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or ifthe circulating 25(OH)D level (mea-
sured bimonthly) exceeded 100 ng/mL,
and the DSMC and IRB were notified
immediately. The principal investigator
of the study reviewed all laboratory re-
sults on aweekly basis to identify poten-
tially abnormal values.

Statistical methods

Sample size and power considerations
A total of 148 participants were to be en-
rolled in the study with 74 per supple-
mentation arm. For one primary end-
point of change in 25(OH)D level
between baseline and final measure-
ments, this sample size would support
the detection of a 10-ng/mL difference
between dose groups with 80% power
using a 2-sided t test at a = 0.05. This
calculation assumed that the SD of
25(OH)D measurements at a single time
point was approximately 10, that there
would be a low correlation (p = 0.25)
between the baseline and final measure-
ments, and that a substantial proportion
(up to 50%) of participants may be lost
to follow-up. This calculationwas robust
to changesinthe assumptionregardingthe
magnitude of correlation between mea-
surements made over time; ifahigher cor-
relation were to be present, the study’s
power would be increased.

Statistical analyses

Primary analysis

The apriori primary data analysis focused
on comparisons of change in serum
25(OH)D between the 2 dose groups.
While participants were randomized
within each stratum, as described above,
the strata were extremely imbalanced at
the close of the study due to the infre-
guent occurrence of 25(OH)D levels
>32 ng/mL (Figure 1). Thus, the pri-
mary comparison for planning purposes
was a 2-sample test of dose group differ-
ences in the change in 25(OH)D levels,
regardless of stratum. This comparison
also was performed using the Wil-
coxon rank sum test as a sensitivity
analysis to the normality assumption.
The latter test is reported as the pri-
mary analysis. Statistical significance is
claimed for P < .05. Due to the multi-
site implementation of the study, we

also report results controlled for site
using multivariable models.

Secondary analysis

In secondary analyses, multilevel mixed-
effects models were used to estimate
the average monthly rate of change in
25(OH)D, compare this rate between
dose groups, and explore the effects of
covariates on the rate of change.30 These
models included fixed effects for dose
group, time, and the group-time interac-
tion, and arandom intercept effect, with
additional covariate effects as required.
Time was considered a continuous vari-
able, measured in months rather than as-
suming structured visit occurrences. An
unstructured covariance matrix was as-
sumed. The same approach was used to
evaluate the longitudinal association be-
tween 25(OH)D and calcium, iPTH (log
transformed), phosphorus, and urinary
calcium, creatinine, and calciumxreati-
nine levels. The cumulative occurrence
of pregnancy complications was com-
pared between dose group levels using
logistic regression. All analyses were per-
formed using software (SAS, version 9.3;
SAS Institute Inc, Cary, NC).

Participant attrition and missing data

Because the primary endpoint was
change in 25(OH)D from baseline to de-
livery, the primary analysis was restricted
to participants who remained in the
study until delivery and provided ablood
sample within 6 weeks prior to delivery,
at delivery, or at the postdelivery visit
(completers-only analysis). Typically,
multiple imputation would be used to
impute missing values in support of the
favored intention-to-treat analytic ap-
proach. Because the multiple imputation
model for this analysis would have re-
quired variables also measured in the fi-
nal blood sample, however, it could not
be used to impute cases with a missing
final blood sample. Thus, to assess the
primary findings’ robustness to assump-
tions about the missing data, we per-
formed a sensitivity analysis under the
following assumptions: cases with miss-
ing endpoints experienced no change in
both groups; experienced the group-spe-
cific median change observed in com-
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GONBCRY, consolidated standards of reporting trials; 25(0H)D, 25-hydroxyvitamin 0.
Wagrer. Vitamin D supplenrentation duringpregnancy. AmJ Costet Gynecol 2012

pleters; experienced no change in the
2000 1U group and minimal change in
the 4000 IU group. In the secondary
analyses using multilevel mixed-effects
models for longitudinal modeling, all
available data points were used, as it is
not necessary to delete cases with missed
time points when using this approach.

Results
Baseline characteristics
A total of 257 women consented to par-
ticipate in this study. Of those, 161
(63%) provided complete data regarding
the primary endpoint (Figure 1). The so-
ciodemographic characteristics of the
active cohort are found in Table 1. After
controlling for race and study site, no
characteristics differed significantly be-
tween groups.

The mean maternal baseline 25(OH)D
was 22.7 ng/mL (SD 9.7); this did not
differ significantly between dose groups

HB090 Support Document-study-Wagner-2013, Page 5 of 13

(direct comparison P = .43; controlled
for study site P = .43; controlled for race
P = .51). Estimated mean baseline serum
iPTHwas 16.4 pg/mL (SD 6.9) and mean
serum calcium was 9.3 mg/dL (SD 0.3).
The iPTHand calcium differed minimally
between dose groups, with participants
randomized to the 4000 1U group being
0.2 pg/mLlower in PTH (P = .76) and 0.1
mg/dL lower in calcium (P = .74) than
those randomized to the 2000 1U group.

There were significant differences in
baseline 25(OH)D according to race: Af-
rican American participants had the
lowest values, with an estimated mean of
18.5 ng/mL (SD 8.4), while Hispanic and
Caucasian participants had notably
higher mean values of 26.1 ng/mL (SD
7.5) and 29.5 ng/mL (SD 14.4), respec-
tively (Pvalue for overall comparison <
.001). Baseline iPTH and calcium values
did not differ significantly by race (iPTH,
P = .11; calcium, P = .40).

Primary analysis

Primary endpoint

The overall maternal 25(OH)D change
from baseline was estimated to be +14.1
ng/mL (SD 12.7) (P < .001). The mean
change from baseline for the 2000 and
4000 1U groups was +12.9 ng/mL (SD
12.8) and +15.4 ng/mL (SD 12.6), re-
spectively (group comparison of change
P = .23; P = .40 adjusted for race and
study site). At the last study visit prior to
delivery, the average 25(OH)D levels
were 36.2 ng/mL (SD 15.0) in the 2000
1U group and 37.9 ng/mL (SD 13.5) in
the 4000 IU group. The difference be-
tween the 2 groups at this time point was
not statistically significant in direct com-
parisons (P = .29) or after controlling
for race and study site (P = .47). Overall,
31 of 83 (37.4%) of the 2000 1U group,
and 36 of 78 (46.2%) of the 4000 1U
group achieved 40 ng/mL at this time
point (P = .27), the level at which con-
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TABLE 1

Sociodemographic and clinical characteristics by self-reported race/ethnicity

Characteristic

Maternal age (y), mean £+ SD

Gestational age at enrollment (wk), mean + SD

Planned pregnancy
Gravidity
Primigravida
Parity
BMI >30
Race
African American
Caucasian
Hispanic
Other
Highest education achieved
<High school
High school
Some college
>Associates degree
Employed
Season (April through September)
Insurance status
None
Medicaid
Private
Obstetrical history
Preterm birth
Preeclampsia
Gestational diabetes
Diabetes (type 1 or 2)
Chronic hypertension

Subjective health rating

Total cohort 2000 1u/d 4000 I1U/d P value controlled
N = 257 n = 130 n= 127 P value for race and site
250+ 51 245 + 53 25.4 5.0 .076 116
124 +1.8 124 = 1.7 12.4 2.0 .48 .60
95 (37.0%) 47 (36.2%) 48 (37.8%) 79 64
1(0-7) 1 (0-7) 1 (0-7) .37 29
97 (37.7%) 51 (39.2%) 46 (36.2%) .62 55
1 (0-4) 0(0-4) 1 (0-4) .069 071
70 (27.2%) 32 (24.6%) 38 (29.9%) 34 .34
124 (48.3%) 61 (46.9%) 63 (49.6%) 56 —
25 (9.7%) 12(9.2%) 13(10.2%)
101 (39.3%) 55 (42.3%) 46 (36.2%)
7 (2.7%) 2(1.5%) 5 (3.9%)
72 (28.0%) 35 (26.9%) 37(29.1%) 85 74
104 (40.5%) 56(43.1%) 48 (37.8%)
57 (22.2%) 27 (20.8%) 30 (23.6%)
24 (9.3%) 12(9.2%) 12(9.5%)
116(45.1%) 60 (46.2%) 56(44.1%) 74 .61
163 (63.4%) 83 (63.9%) 80 (63.0%) .89 .83
93 (36.2%) 48 (36.9%) 45 (35.4%) .96 81
117 (45.5%) 59 (45.4%) 58 (45.7%)
47 (18.3%) 23 (17.7%) 24 (18.9%)
12(4.7%) 5 (3.9%) 7 (5.5%) 57 —
1 (4.3%) 5 (3.9%) 6 (4.7%) 77 —
7 (2.7%) 4(3.1%) 3 (2.4%) 1.00 —
5 (2.0%) 2(1.5%) 3 (2.4%) .68 —
2 (0.8%) 0 2(1.6%) 24 —
9(3-10) 9(3-10) 10(5-10) .29 18

Continuous and ordinal variables reported as median (range) unless athenwise noted, and conmpared between groups using Wicoxon rank sumtest. Categorical variables reported as frequency (%9,
and compared between groups using x 2test or Fisher exact test. Pvalues contralled for race and site were obtained using muitivariable linear or logistic regression, when sanple size permitted.

Mssing data as follows: gestational age, n= 3.
BM, body mass index.

Wegrer. Vitamin D supplementation duringpregnancy. AmJ Cbstet Gyneod 2012

version of 25(OH)D to [,25(0OH)2D is
optimized during pregnancy.?

Neonatal 25(OH)D as measured

in cord blood

The mean cord blood 25(OH)D level, as
measured on 144 infants, was 0.7 (SD
0.3) times that of maternal predelivery

1,66 American Journal of Obstetrics & Gynecology MCONTH2013

25(OH)D. Overall, the mean cord blood
25(OH)D level was 24.5 ng/mL (SD
12.0): 22.1 ng/mL (SD 10.3) in the 2000
1U group and 27.0 ng/mL (SD 13.3) in
the 4000 1U group (P = .024). The cor-
relation between the infants’ and moth-
ers’ 25(OH)D levels was estimated to be
r= 0.68 (P< .001).

PTHand calcium

Predelivery calcium values did not differ
significantly between dose groups: the
estimated mean values were 8.9 mg/dL
(SD 0.4) and 9.0 mg/dL (SD 0.4) in the
2000 and 4000 1U groups, respectively
(P = .17). The estimated change from
baseline was —0.3 mg/dL in the 2000 1U
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group and —0.2 mg/dL in the 4000 1U
group (P = .22, analysis of covariance).
The significance of these results did not
change after controlling for race and
study site. Predelivery iPTH values dif-
fered significantly between dose groups,
with estimated mean values of 17.5
pg/mL (SD 8.2) and 15.2 pg/mL (SD 9.3)
in the 2000 and 4000 U groups (P =
.023). This difference remained signifi-
cant (P = .044) after controlling for race.
The dose groups also differed slightly in
their PTH change from baseline. Specif-
ically, participants randomized to the
2000 1U/d group had a mean increase in
PTH of 0.9 pg/mL (SD 8.0), while those
randomized to the 4000 1U/d group had
amean decline in PTH of 1.1 pg/mL (SD
9.0) (P = .034, analysis of covariance).
This finding became marginally signifi-
cant after controlling for race and site
(P = .054).

Complications of pregnancy

Table 2 describes the frequency of com-
mon complications of pregnancy and
compares them between randomization
groups. Among the 161 participants who
provided a primary endpoint measure,
the most common complication was
infection, experienced by 74 women
(46.0%). The other complications oc-
curring in >10% of women were pre-
term labor (37/161, 23.0%), gestational
diabetes (187161, 11.2%), and preterm
delivery (197161, 11.8%). A total of 50
participants had either preterm labor or
preterm delivery (31.1%). The remain-
ing conditions occurred in <3% of the
participants. The frequency of occur-
rence did not differ significantly between
randomization groups for any of the
conditions considered; however, the fre-
quency of preterm labor was marginally
significantly different between groups
(P = .091) and became more signifi-
cant (P = .060) after controlling for the
effects of race. The total number of
complications differed significantly be-
tween groups (P = .044); this comparison
remained marginally significant (P =
.061) when controlling for race.

Neonatal growth parameters
Figure 2 illustrates the distribution of
neonatal weight and head circumference

HB090 Support Document-study-Wagner-2013, Page 7 of 13

TABLE 2 R
Clinical conditions reported during pregnancy e
among trial completers (n = 161)
Total cohort 2000 Iu/d 4000 1U/d

Medical condition N= 161 n= 83 n= 78 P value
Preterm labor3 37 (23.0%) 24 (28.9%) 13(16.7%) .091
Preterm deliveryb (<37 0/7 wk) 19(11.8%) 10(12.1%) 9(11.5%) 1.00
Preterm labor or delivery3i5 50(31.1%) 29 (34.9%) 21 (26.9%) 31
Hypertension0 4 (2.5%) 3 (3.6%) 1 (1.3%) .62
Infection@ 74 (46.0%) 41 (49.4%) 33 (42.3%) 43
Gestational diabetes6 18(11.2%) 11 (13.3%) 7 (9.0%) .46
Any above comorbidity 107 (66.5%) 58 (54.2%) 49 (45.8%) .40
Total comorbidity count .044

None 54 25(30.1%) 29 (37.2%)

1 61 31 (37.4%) 30 (38.5%)

2 21 8 (9.6%) 13(16.7%)

3 20 15(18.1%) 5 (6.4%)

4 5 4 (4.8%) 1 (1.3%)
Nonrepeat cesarean’ 58 (36.0%) 31 (53.5%) 27 (46.6%) .61

Pvalues for comparison of 2000 vs 4000 ILfd were obtained using Fisher exact test, except for analysis of total comorbidity
count, which used Poisson regression. Missing data as follows: nonrepest cesarean, n = 13,

aAs documented inmedical record that induded hospitalization >24 h ;bAs documented in medical record;0As docurrented in
medical record that indluded gestational hypertension, preedanysia, HALLP syndrome, worsening hypertension inwomen with
existing hypertension; "* New infection documented in medical record that induded urinary tract infections, bacterial vaginosis,
flu or fiu-like illness, or any illness that required antibiotic or antifungal therapy (dd not include preexisting herpes simplex
infections for which antiviral therapy wes prescribed);e/As documented in medical record following glucose tolerance test (did
not indude those with preexisting diabetes type 1 or 2);f Mode of delivery by cesarean section that wes not repeat cesarean o

vaginal delivery.

Wegrer. Vitamin D supplementation duringpregnancy. AmJ Qbstet Gynecdl 2012

across the major Fenton percentiles for
each dose group. There was an associa-
tion between percentile and dose group
for neonatal weight (P = .018, propor-
tional odds model), but not head cir-
cumference (P = .79, proportional odds
model). Specifically, the 4000 1U group
participants had 2.40 (95% confidence
interval, 1.26-4.61) times the odds of
having an infant in the 50th percentile,
compared to the 2000 1U group. This ef-
fect remained significant after control-
ling for the effects of race and study site
(P = .006).

Safety parameters

Neither dose group experienced any in-
stances of hypercalciuria or hypercalce-
mia. Inlongitudinal models assessingthe
relationship of 25(OH)D with serum
calcium and phosphorus and urinary
calcium, creatinine, and the calciumxre-
atinine ratio, statistically significant as-

sociations were observed with urinary
calcium and urinary creatinine, after ad-
justment for race and study site. Specifi-
cally, we estimate that urinary calcium
decreased 3.5 mg/dL per 10 ng/imLincrease
in25(OH)D (P = .02). Urinary creati-
nine decreased an estimated 16.5 mg/dL
per 10 ng/mL increase in 25(OH)D (P =
.004). Figures 3 and 4 illustrate the time
courses of serum calcium and the uri-
nary calciumxreatinine ratios.

Sensitivity analysis

A sensitivity analysis was performed to
determine the robustness of the primary
findings to assumptions about the miss-
ing data. When all participants with
missing final measurements were as-
sumed to have experienced no change
from baseline, the significance of our
findings was unchanged in direction
(P =.69). However, whenwe assumed no
change among those with missing end-
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FIGURE 2

Infants by treatmentgroup plotted by Fenton growth curve percentiles
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points in the 2000 1U group, but even a
minimal 0.1-ng/mL change among those
with missing endpoints in the 4000 1U
group, the group comparison became
statistically significant at P S .025. Our
most extreme imputation of the ob-
served group medians, assuming that
those with no final measurement were
indistinguishable from the other mem-
bers of their dose group, resulted in a
highly significant group comparison at
the P = .0006 level.

Secondary analyses
Serum25s (o H)D
Based on 1042 longitudinal measure-
ments contributed by 257 participants,
the monthly change in 25(OH)D level
(Figure 5) was estimated to have a signif-
icant quadratic component (P < .0001).
This effect differed significantly between
dose groups (P < .01), such that esti-
mated 25(OH)D levels of participants
randomized to the 2000 IU group in-
creased more slowly than the levels of
those randomized to the 4000 1U group.
In an expanded model, race was a sig-
nificant predictor ofbaseline status (P <
.0001) and 25(OH)D change over time
(P < .001), but not group differences in
change over time. Baseline 25(OH)D
level did not influence the change in
25(OH)D over time in a clinically signif-
icant manner. In the final longitudinal
model of 25(OH)D, baseline values were
estimated to be 19.2, 26.8, and 30.1
ng/mL among African American, His-
panic, and Caucasian participants, re-
spectively, assigned to the 2000 1U dose
group. The 4000 1U dose group was esti-
mated to have baseline values 0.11
ng/mL lower than the 2000 1U group
(P = .94). Model-based estimates of
25(OH)D levels over time are provided
in Table 3 for each race-by-dose sub-

Percent of infants within each treatment group
who were at 3rd, 10th, 50th, 90th, and 97th
percentiles for A, weight and B, head circumfer-
ence. Less than 10th percentile is defined as
small for gestational age (SGA); 10th-90th per-
centile as appropriate for gestational age (AGA);
and >90th percentile as large for gestational
age (LGA).

Wagrer. Vitamin D supplenentation duringpregrancy.
AmJCbstet Gynecdl 2012
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group, assuming a 6-month supple-
mentation period.

Complications of pregnancy

Baseline 25(OH)D level was not predic-
tive of complication occurrence except
for preterm labor (odds ratio [OR], 0.61
per 10 ng/mL; P = .033) and combined
preterm labor or delivery (OR, 0.56 per
10 ng/mL; P = .007), which became non-
significant after controlling for race and
study site (labor alone OR, 0.78 per 10
ng/mL; P = .31; and labor or delivery OR,
0.64; P = .052). Predelivery 25 (OH)D was
significantly predictive of preterm deliv-
ery (OR, 0.56 per 10 ng/mL; P = .004)
and combined preterm labor or delivery
(OR, 0.73 per 10 ng/mL; P = .015),
which remained significant (delivery
alone OR, 0.51 per 10 ng/mL; P = .002;
and labor or delivery OR, 0.73 per 10 ng/
mL; P = .018) after controlling for the
effects of race and study site. Additional
analyses by mean 25(OH)D (from third
visit onward) indicated negative associa-
tions with preterm delivery (OR, 0.46
per 10 ng/mL; P = .001) and infection
(OR, 0.74 per 10 ng/mL; P = .026) after
controlling for race and study site.

Comment

In this randomized trial of vitamin D
supplementation in a diverse group of
women receiving prenatal care at 2 com-
munity health center networks in South
Carolina, women receiving daily doses of
2000 and 4000 1U did not differ in their
predelivery vitamin D status; however,
4000 1U/d was superior to 2000 1U/d in
raising maternal vitamin D status over
time and in achieving neonatal vitamin
D sufficiency, and was associated with
lower maternal iPTH. While caution
must be given when interpreting these
findings, asthe studywas not designed as
an equivalence study, but rather, to dem-
onstrate superiority of one dose over the
other, secondary analyses did show a
dose-dependent effect with respect to
preterm labor, preterm birth, and risk of
infection.

Although it was expected that both the
2000 and 4000 1U/d ofvitamin D groups
would experience an increase in circulat-
ing 25(OH)D levels, with the greatest
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FIGURE 3

Longitudinal maternal serum calcium (mg/dL) by treatment group
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increase in those women in the 4000 1U
group, there was concern that the 4000
IU group would have greater risk of hy-
pervitaminosis D, which did not occur.
In neither the 2000 1U nor the 4000 1U
arms ofthe studywere there any episodes
of hypercalciuria or hypercalcemia. Uri-
nary calcium:creatinine ratios and serum
calcium, phosphorus, and creatinine levels
were comparable in both groups and were
well within normal limits for adults, in-
cluding pregnant women. This is similar
to our findings in the NICHD supple-
mentation trial.7

Based on national and regional data, it
is clear that vitamin D deficiency is an
emerging health issue that affects all eth-
nic and racial groups in the United
States, but more significantly those with
darker pigmentation such as African
Americans and Hispanics.24,73L The
pregnant woman and her unborn fetus
represent an important and often ne-
glected segment of the US population.26
It is during pregnancy that fetal cell sig-
naling patterns are set into motion, af-
fecting lifelong health status.32’3% Most

recently, the link between vitamin D de-
ficiency and extraskeletal systems has
been suggested: vitamin D deficiency is
associated with acute and chronic infec-
tions,35'40 and later, lifelong sequelae,
with notably increased risk of autoim-
mune diseases such as rheumatoid ar-
thritis, 41 systemic lupus erythemato-
sus, &2 multiple sclerosis, 434 type 1
diabetes,4546 and certain cancers.4547"'%
Specific to the pregnant woman and her
fetus, epidemiological studies report an
association between vitamin D defi-
ciency and an increased risk of hyperten-
sive disorders of pregnancy, including
preeclampsia,53'& preterm birth,5% and
mode of delivery.63 Additionally,
chronic vitamin D deprivation in the
mother and fetus appears to have lasting
effects on skeletal integrity26,64'66 and fetal
growth.67 These findings are supported by
the earlier NICHD study7,83 and by this
study, where secondary analyses found a
suggestive pattern of associations be-
tween total circulating 25(OH)D and
preterm labor, preterm birth, and infec-
tion, even after controlling for race. In
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FIGURE 4

Longitudinal maternal urinary calcium :creatinine ratios by treatment
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addition, neonates in the 4000 1U group
were more likely to be average for gesta-
tional age by weight than those in the
2000 1U group, which may reflect mater-
nal glucose homeostasis, as larger babies
are traditionally associated with gesta-
tional diabetes.®We note, however, that
the maternal associations were identified
in secondary analyses, as the study was
not powered to detect changes in the rate
of complications as primary endpoints.

There were certain limitations in this
study, the most notable being the nonad-
herence to protocol of some of the sub-
jects. Women who were nonadherent
would have alower rise in their circulat-
ing 25(OH)D compared to women who
were adherent. Thus, the treatment ef-
fect was reduced as awhole. The decline
in 25(OH)D during the last trimester,
possibly due to increased conversion to
1,25(0OH)2D, may also reflect the cumu-
lative dropout of subjects during the
course of pregnancy.

In evaluating our findings in the con-
text of earlier studies, it is interesting to

1.e10 American Journal of Obstetrics & Gynecology MONTH2013

note that Mallet et al70 reported vitamin
D supplementation of 1000 1U/d during
the last trimester of pregnancy resulted
in only a5- to 6-ng/mL increase in circu-
lating 25(OH)D levels in maternal and
cord serum. Similarly, Datta et al,71 in
their study of 160 pregnant minority
women in England who were provided
with 800-1600 U vitamin D for the du-
ration oftheir pregnancy, found that cir-
culating 25(OH)D levels increased from
5.8 ng/mL (SD 0.9) at the beginning of
pregnancy to 11.2 ng/mL (SD 6.3) at
term. The Vieth et al72 and Heaney et
al7374 data, and our own data with preg-
nant and lactating women,7,28687 have
shown that doses exceeding 1000 1U/d of
vitamin D (2000-10,000 IU/d) are re-
quired to achieve arobust nutritional vita-
min D status. Further, on a per-kilogram
basis, 400 1U has been shown to be ade-
quate to achieve normal vitamin D status
in neonates and infants; however, for a
pregnant woman weighing on average 20
times that of a newborn infant receiving

the same dose of vitamin D-namely 400
1U/d-that dose is irrelevant.7,/576

The nutritional vitamin D status ofthe
neonate is completely dependent on the
vitamin D stores ofthe mother.78'8 This
premise was reconfirmed by this study.
Thus, if the mother is hypovitaminotic
D, her infant will show depleted vitamin
D stores. The effects of acute vitamin D
deprivation are known to result in rick-
ets in the rapidly growing child and os-
teopenia and osteoporosis in the
mother. This result is especially preva-
lent in darker pigmented individuals, as
reflected in a steady and significant rise
in nutritional rickets in breast-fed in-
fants, mainly in the African American
population.788 As was shown by this
study and an earlier study, substantially
improving the nutritional vitamin D sta-
tus ofthe neonate at birth through higher-
dose maternal supplementation ofvitamin
D during pregnancy-above the suggested
400 or 600 1U/d-to achieve maternal suffi-
ciencyshould alleviate this problem. Thus,
we strongly believe that the current RDA
for vitamin D in all age groups, but partic-
ularly pregnant women with darker pig-
mentation, is inadequate.

Detection of vitamin D deficiency
early in pregnancy has implications for
prevention and intervention, yet such
studies have only recently been under-
taken.26 Defining the prevalence ofvita-
min D deficiency in pregnant women
and the optimal vitamin D supplemen-
tation strategies for these women and
their developing infants will help to
establish a prototype for recommenda-
tions applicable to other communities
throughout the United States. A reexam-
ination of dietary vitamin D require-
ments ofvarious vulnerable populations
in the United States, including pregnant
women, was recommended by a Co-
chrane Reviewin 2000,83againin 2012,
andby the IOM in their 2010 statement.9

Taken together with our findings from
the NICHDvitamin D pregnancy study,7
4000 1U/d ofvitamin D appears to be safe
and effective in improving vitamin D
levels over time. In addition, increased
circulating 25(OH)D levels were associ-
ated with reduced occurrence of comor-
bidities of pregnancy. As such, this study
serves asthe first step in establishing nor-
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FIGURE 5

Longitudinal maternal vitamin D by treatment group: 2000 vs 4000 IU

vitamin D/day
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mative guidelines for vitamin D supple-
mentation during pregnancy in a diverse
group ofwomen in a community health
care setting. By evaluating the vitamin D
status of pregnantwomen and their new-
born infants who received care at com-

TABLE 3

munity health centers, our findings serve
as a model for other community health
care centers in the United States aimed at
improving overall health status of its
members, including alleviation of the
growing problem of hypovitaminosis D

Estimated trajectory of serum 25(0H)D according to treatment and race

2000 1U/d 4000 1U/d
African African
Month American Hispanic Caucasian ~ American Hispanic Caucasian
0 19.2 26.8 30.1 19.0 26.7 30.0
1 24.6 30.1 33.4 25.5 31.0 34.3
2 28.8 32.7 36.1 30.5 34.4 37.9
3 31.6 34.4 38.1 34.2 37.0 40.7
4 33.2 35.4 39.6 36.4 38.6 42.8
5 33.5 35.6 40.4 37.2 39.4 44.1
6 325 35.1 40.5 36.6 39.2 44.7

Estimetedtrajectory of serum 25(0H)D (ng/mL) according to dose group and race, based on quadratic model of serum 250HD
over time. Model-based estimates of total circulating 25(0H)D concentrations over time for each race-by-dose subgroup.

25(0H)D, 25-hydroxyvitamin D

Wagner. Vitamin D supplementation duringpregnancy. AmJ Costet Gynecol 2012,
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throughout the United States. Further,
our findings are clinically relevant to
community health centers and to those
involved in the general health care of
pregnant women and their neonates and
infants throughout the United States.
Additional studies of vitamin D supple-
mentation during pregnancy are war-
ranted to determine optimal dosing and
the physiological effects of vitamin D on
both the mother and her developing
fetus. M
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mouthwash and regular
check-ups can help keep
tooth clean and cavity free.

Can vitamin D help?
Research shows that vitamin D deficiency can
contribute to cavities.

How it works

Vitamin D helps reduce the risk of
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antibacterial effects to fight bacteria
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Comparison of the administration of progesterone versus
progesterone and vitamin D in improvement of outcomes in
patients with traumatic brain injury: A randomized clinical
trial with placebo group
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Abstract Background: Due to the heterogeneity of traumatic brain injury (TBI), many of single treatments have not

been successful in prevention and cure of these kinds of injuries. The neuroprotective effect of progesterone
drug on severe brain injuries has been identified, and recently, the neuroprotective effect of vitamin D
has also been studied as the combination of these two drugs has shown better effects on animal samples
in some studies. This study was conducted to examine the effect ofvitamin Dand progesterone on brain
injury treatment after brain trauma.
Materials and Methods: This study was performed on patients with severe brain trauma (Glasgow Coma Scale
(GCS) < 8) from April to September, 2011. The patients were divided to 3 groups (placebo, progesterone,
progesterone-vitamin D), each with 20 people. Upon the patients’ admission, their GCS and demographic
information were recorded. After 3 months, theywere reassessed, and their GCS and GOS (Glasgow outcome
scale) were recorded. The collected data were analyzed using SPSS 18 software (SPSS Inc., Chicago IL, USA).
Results: Before intervention, GCS mean of the placebo, progesterone, and progesterone-vitamin Dgroups
were 6.3 + 0.88, 6.31 +0.87, and 6 + 0.88, respectively. They increased to 9.16 + 1.11, 10.25 + 1.34,
and 11.27 + 2.27, respectively 3 months after intervention. There was a significant difference among GCS
means ofthe 3 groups (P-value = 0.001). GOS was classified to 2 main categories of favorable and unfavorable
recovery, ofwhich, favorable recovery in placebo, progesterone, and progesterone-vitamin Dwas 25%, 45%,
and 60%, respectively which showed a statistical significant difference among the groups (P-value = 0.03).
Conclusion: The results showed that recovery rate in patients with severe brain trauma in the group receiving
progesterone and vitamin Dtogether was significantly higher than that of progesterone group, which was
in turn higher than that of placebo group.
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INTRODUCTION

Injuries arising from brain trauma are among the
causes of death and severe disabilities. Management
of brain traumatic injuries includes prevention of
neurological complications, intracranial pressure
monitoring, and surgical procedures. Finding drugs
which are effectively neuroprotective is of special
importance for prevention of secondary brain injury
after trauma. Attempts have been made, for more
than 30 years, to discover an effective and harmless
compound which acts as a neuroprotective in brain
injuries.™ During last two decades, all the clinical
trials phase Il and Ill for the moderate and severe
traumatic brain injuries failed.™ So far, 130 drugs
have been effective on brain injury in animal
samples,2 although they were not effective in clinical
trials and do not have any neuroprotective effects.2a
One reason is the complexity and diversity of the
mechanisms related to different types of TBI, which
are not cured by a single drug and cover only one or few
receptors.ii4 Among the studied drugs, progesterone
(PROG) has been identified as an effective and safe
compound, which is a neuroactive steroidal hormone
having neurosteroidal activity in central nervous
system.’57 In traumatic brain injuries and strokes,
this hormone causes blood-brain barrier protection,
cerebral edema reduction, inflammatory response,
necrosis and apoptosis and stimulation of myelin
formation, free radicals reduction, and neuronal loss
reduction.811

Similar to progesterone, vitamin D (VDH) is a
neurosteroid acting like a PROG in neuroprotective
process.ll It causes the expression of more than
1000 genes that consequently results in activation of
many pathways in CNS (central nervous system).12t
Therefore, VHD in combination with PROG may
cure the patients. Recent studies have shown that
vitamin D deficiency may intensify traumatic brain
injury and reduce the effects of other therapies for
TBI. This problem becomes important with respect
to the elderly, since, of whom more than 50% suffer
from vitamin D deficiency.13 There are evidences that
30 to 50% of American people suffer from vitamin D
deficiency, so that, all the patients with TBI ofany age
are at risk of unfavorable outcome.13 Given that the
studies examining the effect of the combined PROG
and VDH on neural recovery after TBI were most
conducted on animals, the present study assessed
the effect of these two compounds on outcome
improvement in patients with TBI.

MATERIALS AND METHODS

This clinical trial was performed in Alzahra Hospital,

Isfahan, Iran, in 2010.

Inclusion criteria of the study

» Patients with brain trauma and diffuse axonal
injury

¢ Patients with GCS <38

Exclusion criteria of the study
« Patient’s legal representative does not consent to
patient’s participation in the study.

Sampling method
Simple random

Number of samples
20 patients were selected in each group through simple
random sampling.

The patients were randomly divided into 3 groups, each
with 20 people. Within 8 hours after traumatic injury,
the patients in the first group were injected 1 mg/kg
of progesterone intramuscularly every 12 hours for
5 days, and the patients in the second group were
injected 1 mg/kg of progesterone intramuscularly
every 12 hours for 5 days and also 5 ug/kgvitamin D
once-a-day for 5 days. The third group as the control
group received placebo (Both placebos were injected
intravenously). Patients’ level of consciousness was
periodically controlled based on Glasgow Coma Scale
(GCS) during hospitalization and 1 month after
treatment, and Glasgow Outcome Scale (GOS) was
controlled after 3 months. GOS criteria were defined
as follows:
5 = Good recovery: Normal or near normal recovery
4 = Moderate disability: Disable but independent
3 =Severe disability: Dependent with physical /
psychological disabilities
2 =Persistent vegetative state
1 =Dead

Finally, these criteria were divided into 2 categories
of “favorable” (good recovery and moderate disability)
and “unfavorable” (the other 3 criteria).A Analysis of
the data was done using SPSS 18 software. Qualitative
and quantitative data of the groups were compared
using Chi square and One-way ANOVA tests,
respectively. Comparison of GCS and GOS variations,
before and after intervention and among the 3 groups,
was done using repeated measurement ANOVA.

RESULTS

This study was carried outin Trauma Center ofAlzahra
Hospital, Isfahan, Iran, from April to September, 2011.
3 groups of 20 patients were studied and followed up
over 3 months.5 Demographic specifications showed
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Table 1: Clinical and demographic characteristics between 3 groups

Admission characteristic Progesterone
Males 16 (80%)
Females 4 (20%)
Glasgow Coma scale 3to 5 5 (25%)
Mechanism of injury
Motor vehicle 8 (40%)
Fall 3 (15%)
Assault 1 (5%)
Car accident 6 (30%)
Others 2 (10%)
Surgical procedure 6 (30%)
Mean (standard deviation) age 28 (7.43)
Mean qualifying Glasgow coma scale score 6 (1.07)
Mean time injury to admission (hours) 3.9(1.88)

Table 2: Comparison of Glasgow outcome Scale scores between
the progesterone, progesterone -Vitamin D, and placebo groups
at 3 months later

Glasgow Outcome Progesterone Vitamin D and Placebo
Scale Score (%) progesterone (%)
(%)

Good recovery 5(25) 7(35) 3(15)
Moderate disability 4(20) 5(25) 2(10)
Severe disability 4(20) 3(15) 3(15)
Vegetative 3(15) 3(15) 4(20)
Death 4(20) 2(10) 8 (40)

no significant difference among the 3 groups, i.e., the
patients were matched in this regard [Table 1].

Before intervention, GCS mean of the placebo,
progesterone, and progesterone-vitamin D groups
comprised 6.3 +0.88, 6.31 +£0.87, and 6 =+ 0.88,
respectively, which 3 months after intervention,
increased to 9.16 = 1.11, 10.25 + 1.34, and 11.27
+ 2.27, respectively. There was a significant
difference among GCS means ofthe 3 groups (P-value
=0.001) [Figure 1].

GOS values ofthe patients, 3 months after trauma, are
shown in Table 2. Recovery rate in the group receiving
progesterone and vitamin D together was higher than
that of other groups; consequently, mortality rate in
this group was less than that of others (P-value =0.03).

Favorable responses in placebo, progesterone, and
progesterone-vitamin D comprised 25%, 45%, and
60%, respectively which showed a statistical significant
difference among the groups (P-value =0.03) [Figure 2],

In this study, mean mortality rate was 23.3% (14
patients) as the mortality rate in the placebo,
progesterone-vitamin D, and progesterone groups
was 40% (8 patients), 10% (2 patients), and 20%
(4 patients), respectively. These rates showed a
significant difference among groups (P-value =0.000).
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Vitamin D and progesterone Placebo Pvalue
16 (80%) 12 (60%) 0.25
4 (20%) 8 (40%) 0.25
7 (35%) 8 (40%) 0.6
0.9
7 (35%) 8 (40%)
3 (15%) 2 (10%)
4 (20%) 3 (15%)
4 (20%) 5 (25%)
2 (10%) 2 (10%)
8 (40%) 9 (45%) 0.7
28.3(8.84) 31.45 (8.17) 0.3
5.8(1.15) 5.8(1.19) 0.8
4.7 (6.39) 3.5(1.73) 0.6
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Figure 1: Comparison of GCS at administration and 3 month later
between 3 groups
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Figure 2: Comparison of dichotomized Glasgow Outcome scale score
for patients receiving placebo or progesterone or progesterone and
vitamin D after 3 month

DISCUSSION

Numerous studies have been done on TBI treatment.
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However, most ofthem were conducted under in vitro
and in vivo conditions. There have been also few
studies on TBI treatment with combined progesterone
and vitamin D, especially on human samples. In this
study, progesterone and progesterone-vitamin Dwere
found to improve the patients’ outcome as the recovery
rate in the group with combination therapy was
significantly more than that in other groups. Moreover,
GCS variations and mortality rate in the group with
combination therapy were significantly less than those
in other groups. Favorable outcome ofthe group with
combination therapy was significantly more than those
in other groups. A similar study performed under
in vitro condition1t showed that low dose PROG (0.01,
0.1, and 1.5 umol/1) did not reduce glutamate-induced
cell death, whereas with higher doses (10, 24, 40, and
80 pmol/1), PROG significantly reduced LDH and MTT
as the optimum dose of PROG was reported as 20
pnol/L. Furthermore, therapeutic responses to vitamin
D were found to have a U-shaped pattern as the most
favorable response was found in low doses (0.001 - 0.5
pmol/1), and the least neuroprotective effect was found
in higher doses (1 - 10 pmo]/1).[]] In the above stpdy,
the combination of vitamin D (0.1 pmol/1) and PROG
(20 pmol/1) showed no significant preventive effect
than the other group, and this was contrary to the
U-shaped pattern of response to vitamin D; however,
the combined PROG (20 pmol/1) and VDH (20 umol/1)
significantly reduced cell death and was more effective
than any ofthe drugs alone.

Another study on the effect of progesterone alone
showed more favorable outcome and much less
mortality rate for the patients in progesterone
group/a

The effect of progesterone on ol receptor acts as a
competitive inhibitor and may reduce N-methyl-D-
aspartate (NMDA) glutamate signaling.1415.Moreover,
PROG affects nicotinic acetylcholine receptor
(nAChR/18.and stimulates gamma-aminobutyric acid
(GABA) as the most important inhibition transmitter
in brain. All the above 3 mechanisms are responsible
for the positive neuroprotective effects of PROG as
they inhibit the excitotoxic responses in injuries.13l

Vitamin D belongs to the secosteroid class, which
directly causes the expression of more than 100
genes.t7l This neuroactive steroid can be dispersed
in CNS since it is the final activator of enzymes and
has an intracellular receptor. The primary effects of
vitamin D are the inhibition of cell proliferation and
stimulation of cellular differentiation, especially in

immune system.[1819 It has been found that vitamin D
deviates all the dimensions of immune performance,
which is near the immune response type 2 and
generally is anti-inflammatory and regulatory.u3l
Similar to progesterone, vitamin D reduces the pro-
inflammatory level of THL cytokines suchas IL6, 1L12,
IL1B, and TNFa.11 Furthermore, vitamin D maintains
the intracellular surface of calcium through following
ways: 1. Maintenance of PTH at an appropriate level,
2. Adjustment of L-type voltage-sensitive calcium
channels, and 3. Control ofintracellular Ca2touffering.

The progesterone activity through GABAergic system
to inhibit extracellular activity and the performance
of vitamin D to increase intracellular Caz~binding
proteins together affect the calcium metabolism
through sub-pathways.

Other reasons for the use of combined PROG and

vitamin D in TBI treatment are as follows:

» Reduction ofthe effects of glutamate release and
calcium inflex
Protection against toxic effects ofheme breakdown
products

m Enhancement of free radical scavenging

e Modulation ofthe renin-angiotensin system

» Protection of the axonal and cytoskeleton
infrastructure

CONCLUSION

As mentioned before, vitamin D and progesterone
are pleiotropic hormones with a lot of common
pathways, which consequently reduce the CNS injury
and increase recovery rate of nervous system after
TBI. Many studies performed on mice and humans
have reported significant favorable outcome after
TBI.121r23 Recently, progesterone has been found
to reduce inflammatory response and oxidative
stress.14X Moreover, progesterone activates the
protective pathways and increases the expression
of genes and proteins related to neuroprotection
after TBlL.u3 There are also reports about the
neuroprotective effect ofvitamin D under in vitro and
in vivo conditions and cortical infarcts.2& Furthermore,
studies have shown thatvitamin D deficiency disrupts
the processes associated with CNS health such as
mitosis, mitogenesis, neurite outgrowth, possibly adult
neurogenesis in hippocampal cells, and mitochondria
function.z

Regarding the foregoing, the use of combined PROG
and vitamin D is reasonable in that vitamin D in
combination with PROG improves repair mechanisms
of CNS considering their common pathways, and
also compensates other mechanisms, which are not
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Aninarnsour, etal.. Bfet of progesterone and vitanin Dinbraininjury
system injury and disease. Neurcendocrinolagy 2009,30:158-72

performed by PROG. This reduces the heterogeneity X o
Bergeron R de Montigny G Debondl G Pregrancy reduces brainsigma

of TBI and the probable failure of a single treatment.
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the incidence of d
over 20 conditions can be sig-
nificantly reduced with vitamin

D serum levels above 40 ng/ml.

> Cancer

> Diabetes

> Arthritis
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PASSES VITAMIN D AWARENESS RESOLUTION

VITAMIN D-HCR 5

MOVING TOWARD A
PREVENTION OF DISEASE
MODEL FOR HEALTH CARE

The House and the Senate of the Alaska State Legislature unanimously
passed HCR 5 this session, a resolution supporting prevention of disease
as a priority for the State and encouraging supplementation of vitamin D for
its longterm preventative health benefits. Hundreds of peer reviewed sci-
entific studies show the health benefits of having vitamin D serum levels
above 40 nanograms per milliliter. Although we make vitamin D naturally,
Alaskans don't get enough vitamin D due to our northern latitude and mod-
ern diet. Supplements are a cheap way to get adequate vitamin D. Every-
one processes vitamin D differently, so itis important to have a blood test

to determine your levels. Doctors recommend levels between 40-80 ng/ml.
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Read moreaboutvitamin D atgrassrootshealth.netorvitamindcouncil.org



CS FORHOUSE CONCURRENT RESOLUTION NO.5(HSS)
IN THE LEGISLATURE OF THE STATE OF ALASKA
TWENTY-SEVENTH LEGISLATURE - FIRST SESSION
BY THE HOUSE HEALTH AND SOCIAL SERVICES COMMITTEE

Go to housemaioritv.org/seaton m
select “Vitamin D Studies" and !
t
A RESOLUTION the journal article. i

O ffered: 3/16/11

Relating to prevention of disease and to vitamin D.
BE IT RESOLVED BY THE LEGISLATURE OF THE STATE OFALASKA:

WHEREAS the nutrient and pre-hormone vitamin D is manufactured in the skin
during exposure to ultraviolet B light from high-angle sunshine; and

WHEREAS, for seven months a year, the angle ofthe sun's rays is too low for
adequate ultraviolet B exposure in the state; and

WHEREAS Alaskans have one ofthe lowest levels of vitamin D blood serum in the na-
tion because ofthe state's northern latitude; and

WHEREAS the state has a high incidence of preventable diseases that numerous
studies indicate may be correlated with insufficient blood serum levels ofvitamin D; and

WHEREAS a 2008 study by the Ketchikan Indian Community Tribal Health Clinic
found that blood serum levels of vitamin D ofAlaska Natives tested in Ketchikan averaged be-
tween 6 and 17 ng/ml; and

WHEREAS a 1986 study by the University of Alaska Fairbanks found the bloods
Serum levels of vitamin D of Caucasian males averaged 27 ng/ml; and

WHEREAS a 2007 article published in the American Journal of Clinical N utrition
reported that a study that compared cancer rates of a group of postmenopausal women taking
1,100 IU ofvitamin D supplements in combination with calcium to cancer rates ofa group tak-
ing a placebo found the risk ofdeveloping any cancer after four years was 60 percentlower in
the group taking vitamin D supplements; and

WHEREAS a study presented at the 2008 annual meeting ofthe American

Association for Cancer Research found that blood serum levels ofvitamin D of at least 50 ng/
ml were associated with an 83 percentreduction in the incidence of breast cancer

compared to blood serum levels of vitamin D of25 ng/ml; and

WHEREAS a 2007 article published in the American Journal of Preventative



M edicine reported that a study found thata group with blood serum levels ofvitamin D ofat
least 42 ng/ml had a 60 percentreduction in the incidence of colorectal cancer compared to a
group with blood serum levels ofvitamin D of 25 ng/ml; and

WHEREAS a2010 study by the University of San Diego showed that incidence of
bladder cancer increases as latitude increases and that the incidence ofbladder cancer
decreased by 40 percent with adequate blood serum levels ofvitamin D; and

WHEREAS astudy referenced by Michael F. Holick, Ph.D., M.D., in The Vitamin D
Solution found that men with prostate cancer who received 2,000 IU ofvitamin D a day for
two years had a 50 percentreduction in the rise of prostate-specific antigen, an indicator of
prostate cancer activity; and

WHEREAS a2001 study published in The Lancet found thata group with blood
serum levels ofvitamin D of52 ng/mlhad a 66 percentreduction in the incidence oftype 1
diabetes compared to a group with blood serum levels of vitamin D of25 ng/ml; and

WHEREAS a 2001 study published in the Lancet found that children in Finland who
received 2,000 IU a day ofvitamin D for the firstyear of life were 80 percent less likely to de-
velop type 1 diabetes by age 30 compared to children receiving 400 IU a day ofvitamin D; and

WHEREAS a2006 study published in Diabetes Care found that taking 800 IU of
vitamin D in combination with calcium resulted in a 33 percentreduction in the risk oftype 2
diabetes; and

WHEREAS a 1998 study published in the Journal ofthe American College of
Cardiology found that the incidence of heart attacks is 53 percent higher during the sun 27- de-
prived winter months than during the summer months; and

WHEREAS agrowing body ofresearch from around the world indicates that deficiency
in vitamin D correlates with a broad spectrum ofconditions, such as high blood pressure, poor
insulin sensitivity, inflammation, and other conditions related to heart disease; and

WHEREAS numerous studies have found that vitamin D suppresses the inflammation
that plays arole in rheumatoid arthritis, chronic muscle pain, metabolic syndrome, congestive
heart failure, and stroke; and

WHEREAS a 2008 study published in the Archives of Internal Medicine showed that
the risk for heart attack in men with vitamin D blood serum levels ator below 15 ng/mlis 2.4
times greater than that for men whose vitamin D levels are at or above 30 ng/ml; and

WHEREAS a 1999 study published in the Journal of Nutrition, Health and Aging
13 found that patients with seasonal affective disorder treated with a single dose of 100,000 IU



ofvitamin D showed significant improvement after one month; and

WHEREAS a 2004 study published in the American Journal of Clinical Nutrition
found that low blood serum levels ofvitamin D were associated with periodontal disease; and

WHEREAS a 2005 study published in the American Journal of Public Health found that
the rate of oral disease among Alaska Natives is disproportionately high; and

WHEREAS a 2010 study published in the Journal of Laryngology and Otology found
that low levels ofvitamin D are associated with an increased incidence ofupper respiratory
tract infections; and

WHEREAS the Centers for Disease Control and Prevention reportthat influenza
vaccine effectiveness varies greatly; and

WHEREAS in 2010, the Department of Health and Social Services, reported that the
state is no longer subsidizing universal vaccinations for influenza because ofa seven-fold in-
crease in cost over 10 years and a decrease in federal funding; and

WHEREAS a 2010 article published in the American Journal of Clinical Nutrition
28 reported that a study ofa group oflJapanese school children who received 1,200 IU ofvita-
min D a day showed a 50 percent reduction in the incidence ofinfluenza compared to other
school children; and

WHEREAS vitamin D has been shown to influence the immune response to
tuberculosis, and studies have shown that vitamin D deficiency is associated with increased
risk ofacquiring tuberculosis; and

WHEREAS a 2010 article in The Lancetreported that the risk of multiple sclerosis in-
creases with latitude and with low blood serum levels ofvitamin D; and

WHEREAS a 2006 article published in the Journal of American M edical Association
reported that a study examining blood samples of more than 7,000,000 army recruits from
1992 - 2004 found that higher blood serum levels of vitamin D were associated with a signifi-
cantly lower risk of developing multiple sclerosis; and

WHEREAS a 2005 article published in the Journal ofthe American Medical
Association reported that elderly persons who had blood serum levels of vitamin D of at least
45 ng/ml experienced a 50 percent reduction of fractures, and a 2007 article published in the
Journal ofthe American Geriatric Society reported that elderly persons who had blood serum
levels of vitamin D ofat least 30 ng/ml experienced a 72 percentreduction in falls compared to
those who had blood serum levels of vitamin D below 25 ng/ml; and
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WHEREAS the elderly are at high risk for vitamin D deficiency because ofindoor
lifestyle and the reduced ability ofaging skin to manufacture vitamin D; and

WHEREAS a2009 article published in the Journal of Alzheimer's Disease reported that
vitamin D reduces the risk of several types of diseases that have been identified as risk factors
for or precursors to dementia; and

WHEREAS a2010 article published in The Journal of Alternative and
Complementary Medicine reported that a study in Egypt found that children without autism
had blood serum levels ofvitamin D averaging 40.1 ng/ml, and children with autism had sig-
nificantly lower blood serum levels ofvitamin D, averaging 28.5 ng/ml; and

WHEREAS SaraB. Amaud, M.D., found that infants and children with blood serum
levels of vitamin D ofat least 18 ng/ml have a 99 percent prevention rate ofthe bone disease
rickets; and

WHEREAS a 2007 study published in the Journal of Clinical Endocrinology and
Metabolism found that females who received regular vitamin D supplementation during the
first year of life are 50 percent less likely to develop preeclampsia in their first pregnancy; and

WHEREAS a 2009 article published in The Journal of Clinical Endocrinology and
M etabolism found that pregnantwomen with low blood serum levels ofvitamin D were
nearly four times more likely to deliver by cesarean section than women with blood serum lev-
els ofvitamin D of at least 15 ng/ml; and

WHEREAS a 2009 study atthe Medical University of South Carolina found that

pregnantwomen who took 4,000 IU a day ofvitamin D during pregnancy had a 50 per-
cent reduction in the rate of premature birth and delivered fewer babies with low birth weight
than women who took 400 IU a day ofvitamin D; and

WHEREAS a2010 study atthe Rebecca SieffHospital in Israel found thatwhen
patients with hepatitis C were given 1,000 IU a day ofvitamin D, the blood of44 percentof
the participants was virus-free after a month oftreatment, and the blood of 96 percent of the
participants was virus-free after three months; and

WHEREAS, although the Institute of Medicine ofthe National Academy of Sciences,
in 2010, recommended 600 IU a day ofvitamin D, levels above 2,000 IU a day and an upper
level intake 0f4,000 IU a day may be more appropriate for those who live in the northern lati-
tude; and

WHEREAS a 2007 study published in the American Journal of Clinical N utrition
found vitamin D toxicity only above 30,000 IU a day; and



WHEREAS a 2007 article published in the Journal of Photochem istry and
Photobiology estimated that the United States economic burden due to vitamin D deficiency
from inadequate exposure to ultraviolet B light, inadequate diet, and lack of supplements was
estimated at $40,000,000,000 - 56,000,000,000 in 2004; and

WHEREAS a 2010 article published in Molecular Nutrition and Food Research
regarding the rate of premature death and the economic burden in Canada found that annual
deaths could be reduced by 37,000 and the economic burden reduced by 6.9 percentor
$14,400,000,000 if blood serum levels of vitamin D ofthe population were adequate; and

WHEREAS partofthe budget ofthe Department of Health and Social Services is
used to treat illnesses that could potentially be prevented with adequate blood serum levels of
vitamin D; and

WHEREAS the above-referenced studies and findings taken in aggregate provide
significant evidence for the benefits of vitamin D supplements; and

WHEREAS vitamin D supplements are inexpensive;

BE IT RESOLVED thatthe Alaska State Legislature respectfully requests the
Governor to establish prevention of disease as a primary model of health care in Alaska; and be
it

FURTHER RESOLVED thatthe Alaska State Legislature encourages the Alaska
Department of Health and Social Services and health care providers to increase attention to vi-
tamin D deficiency and vitamin D blood testing and to promote awareness ofthe potential long
-term health benefits of and increased chances of cancer survival with sufficient levels ofvita-
min D; and be it

FURTHER RESOLVED thatthe Alaska State Legislature urges the Departmentof
Health and Social Services to

(1) promote vitamin D supplements for the elderly potentially to prevent bone loss, falls,
fractures, and other age-related health problems;

(2) determine the relative effectiveness of influenza vaccination as compared
with vitamin D supplementation, using the comparative treatment effectiveness analysis;

(3) investigate substituting vitamin D supplementation as a cost-effective method for
preventing influenza in the adult population not identified as high risk; and

(4) promote vitamin D supplements for pregnantwomen and infants to prevent
pregnancy complications, preterm births, type 1 diabetes, and rickets.
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Dosage Recommendations
from medical experts

“The body needs at least
4000 IU/day in order to
maintain a healthy concen-
tration ofvitamin D in

the blood.”- Robert P.
Heany, MD Creighton Uni-
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For more information on
recommendations and
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Crassrootshealth.net
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Science shows that vitamin
D sufficient populations
have reduced relative risk

50% less Breast Cancer
50% less Colorectal Cancer
40%| dder Cancer
33% less Type 2 Diabetes
24 times fewer HeartAttacks
50% less Influenza & Upper
Respiratory Disease
70% fewer Falls in Elderly
50% fewer Bone Fractures

All for less
than $7 per
person per

year!
(500 soft gels at 5000
IU ea for $8.99)



