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Vitamin D deficiency is a global health problem that increases risk for metabolic bone diseases in children

and adults as well as many chronic illnesses including autoimmune diseases, type 2 diabetes, cardiovascular

disease, infectious disease, and cancer. This has raised important questions concerning the physiological and

clinical impact of low vitamin D levels during pregnancy, with implications for functions of vitamin D. The

review describes the pathways that are required for metabolism and function of vitamin D, the various clinical

complications that have been linked to impaired vitamin D status during pregnancy, and effects of vitamin D

supplementation on maternal and neonatal outcomes.

Key Words: Vitamin D deficiency, Preeclampsia, Gestational diabetes, Perinatal outcome, Vitamin D

supplementation

R R L= M L e g e R R
WA 9] AL 5 AFE] 2§74 9] wst FAlefl whet ulEk D
F5o] AMAARN AFEAZ o =L Qlek v]=e]
7ol «10} A Q1] 25%0lAwke] vlek D7F F2-et
Efo]aL 359 73 Aol whet 37.4-67.3%7F Hlekd
D7} -5 Aeel] igatslek? el AR E ko 2
g Al M 8%1A HIER D A A, 70%14
= 2elE Btk ek D2 247 o]9] thE 7oA
o] jgo] qivgar 31z, vlekel D Ao Ap7he] A4,

O

Received: 9 September 2015

Revised: 29 September 2015

Accepted: 30 September 2015

Correspondence to: Geum Joon Cho, M.D,, Ph.D

Department of Obstetrics and Gynecology, Korea University Guro
Hospital, Korea University College of Medicine, 148, Gurodong-ro,
Guro-gu, Seoul 08308, Korea

Tel: +82-2-2626-3145, Fax: +82-2-838-1560

E-mail: md_cho@hanmail.net

Copyright(© 2015 by The Korean Society of Perinatology

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/license/
by-nc/3.0/), which permits unrestricted non-commercial use, distribution, and

reproductioninany medium, provided that the original workis properly cited.
The Korean Journal of Perinatology - pISSN 1229-2605 elSSN 2289-0432 - e-kjp.org

FEE e

=3} 2], jof Bl Algote] o -9ke] leiAdo] Bals 1
ATt whebA] HIER Do #-570] Q141 Bl ejol, Al4goke] A
Zdoll vl gl thal Awlxa vkl DE HEdhe
2o 53t gl Aol G744 4= Gl Aol via|A]
L S LR T

e

rhu

1. HIEFZ! DQ| CHAR} 7|5

Ao 2 9522 A wIEk D A4 (Vitamin Ds,

cholecalcitriol) & §d3}ar HIEF] D -4l =

— 174 —

L 7}o

T U

2]



au]-25% « — vlEtul D Ag It YAlo] F47] o

Fto] 7M1z 9J3ll A 25(OH)D (25—hydroxyvitamin
D)E ¥k 1 F 4o % olste] 1,25(0H),DE
A o] F 2 o] 7 Ao o] F3to] H]EF D
9] 715& s Ak AgA 27} FAd sk v e w9
HJER DO E|, 5 1,25(0H),DE &3 vletyl D}
31 stk E/9% HlER] DE EH Fol viehy A% T
(vitamin D—binding protein, DBP) ¥} A g}t 3 A1}
= F¥eto] AE HE olsatal AE e AlEAelA u
el A% gt fe]wo] vkl D 84 (vitamin D
receptor, VDR) ¢l 233817t

kA o 7 29 ekl D= A el 2Hg-ato]

ER D o] g olFehiid o) A 2ddto 24 7
%3} 919 45 fuksit) Al vEk D7F A9
739, Aol skl Z+4520] 10-15% A ERo] 45 A vk
vlebe] D7} F 53k 4

N
)
of\
N
)
i,
v
o
)
rot

FEAIZEA 23 (fibroblast growth factor 23)°ll 2]l
/do] E Ak vlER D 8l ) gjofl wE -, o

A3, HET 50 o A EE HRS QA o2 Aol A

2l 23PN 24l FEsto] Aol whet 2439 wiEkd
DE AP |%= stk o]t shgol M E4de wiehl D=

AL F4, ), AP, W] G B 47 ol
714 gt wheta) wek D W gt 3 71
olSlel % AL 4 Ak, 4% W BF Tl Y2

o

o] kel G 71918k AP e O vy s =
(estradiol), EPWHFAA=% =& (placental lactogen),
H5 2% (prolactin) 59 2A1A}of| o3| wAYst} v]El
2D A 5 25(0H)D ghe] eihs: F3tabm Al o)
25(0H)D 4= 2A d3 559 °F80-100% %=
Ak

o

3. Y4l F Vitamin D £FL| UME

201151 Endocrine society A= WEFT D A2 &
% 250D #% 20 ng/mL (50 nmol/L) |3t 2 49|
aFol om B2 21-29 ng/ml (52.5-72.5 nmol/L) &
Aol vEk D A A5 53] o T2 w54
& 71 el A Stk Ag T wo] o3 7he ) vl
ato] Al vl A At v)= ) A {90 5
opAloF P M Al F 2 HIER] D A i F-50)
B EWEA QaReL -5 lEb D A9 1P

o7 BE3lalrg s

= d
o} wheba] BlEb D= 33 calciotropic hormones
2 9tk o4 AU 2T

\__%Loﬂ}ﬁ ?:1)\\_]_ 37],14*16 %7],17'18

o{r
N
>
a
2
o
"
e
rd
o
i)
o
o
o
o
=
1-4}:
‘
it
o

i
2
)
R
N
=
=
o,
=
W)
1o
X
AN
)
N
rlo

o] ujepd D w58 9] vd ek iy
o] Aol it ol vel £ 77 BoaE Tk



Hye-Mi Ji, Geum Joon Cho : - The Association between Vitamin D Deficiency and Perinatal Outcomes of Pregnancy —

ol
N
o,
o
v
ofy
sy
0,
M
1%
rlo
mO
p

1744991 2342 wolA) ook

b B
£k 58] @ Aol E HlE D7 rieke 9 1E
2] 9949:% SFA BUT B s

o
Al nEd} ARl Pald Fa gk viek D Al

A

o,
=)
[
e, o
02
rII
e
)
K
mlﬂ
i
oy [
i

HIERI D 28-S 2t 749 Al e 3 9lgle]
S718FATHOR 1.02, 95% CT 1.00, 1.04).% W

ot Mg EE ATl 5.1 S
O 2 74%9) QA P BAES 5'_&21 o] 9} AktE
o, BAL] Yo, o] Qalef| A 183, G, FAL Al Al
A9 AAA e 2SSl QA 142719 vlERI D

A9 QA Fats B E ol gk

o} g o] Qo ¥ Ank s o B ‘3“;?"1]"1 K
16-20°ll % wlekl D7}

A5 7Pk B skl a”
Hossain &% Z=4toke] Alid of vlekwl D 557} vh4}
ofefA] B} @318 =rhal B 1 3F3ITHGS5 nmol/L vs 40
nmol/L, P=0.009)." *F &A= wlebl D A3lo]
Ake] QS SRk &F9lal o] AT oA At
S 355 olatE 2Bkt ! wkel| gk A E A 9]8)
a1 HIERI D 2333} 222 3 7F glokar 8 2 <l
oA FARS 37 ko = A oatol on theF et wik
T2 B o {7t Aol P wA= Ao w Az

4) 7|t

F ol Qa2 vlErl

2
tlo
e
Ml
BN
>,
0o
Hir
rlo
=

=

Wy

w)
off

SCERREE

fEs =

M
e

Wi BAE Asol Frkska glont ofx #A7E
wo] Q1A gtk Al Aol A THE WRATE BT S
5 Al 7] HIER D w57 S-S5 ANl ost
Wikl Y1840l F7hehkaL Bk 0! kel o)
&7 ATelME 9 Al 1 AHE719] HIERL D s =gk
o] s& Bastgh™ © ak el dist nlelw D
A ] kel vigh Brh= AN Al A} AA
sto] e stofof Stk Savvidou 52 ATl E &5 Al
A e] flel thsf ejoldul7FA} (fetal distress)i} Zl

&5 (failure to progress) &= Wil 5+ I
oAl Al 2719] 25(0H)D EE+= AR AFRL 9} iM
7} A3k
HIEF D 2373} Alf255 (bacterial vaginosis) ¥-9] ¢
FHdol| Fsto] $F Aol A A Al 142719 vER D 4

ol 9al T AedT A ADYE ST A T

HJER D Ae] Al Ze) 9187k 5 glrka v
sotet
5. A1 Z HIEIR! D ZE} EfOF X A} 05

3

Z7] 549 (rickets) % T2 o] Q= Aol A7
w45 HlER D A3 Abeol M ejoft AlAjotoll A B a1
wjo} gk’ g} o] ANEL2 WMol AR oM E v

CEA B s o 8 9 AlE 71x] Aol A HlEk
2 D Ao] 9= B9+ E5p veRdth glote] 34
Al G- BA| Q] Zrgre]l el o]tk vIERI D9} Zhgro]
Efote] 3w} wio) whdke] FoskA|gk o} BAlo] BEQ
He] arel| thali A= ghei A4 ekorek

1) MH|Sot Waimto] Haty

ole] A-ellA BAle] eI D s 59t 8A T A
H9& B sik 3 Aol A nlekl D s EAA
w9lshs o) AL Baskgleh s g
ol A= HIER D A ARl A ot AlAjote] &4
AZe] 200 g mwm Eié}"ﬂ\:‘r.n =] eloto]]
A= e D o] Sl JaliellA o] 9137
go] 2.49) kil Bkl E}F" THE Ao A= AbRLS)]
HIER] D %7} Y 9-(<37.5 nmol/L) #3747t
7.54) Z7Feckar J ik wbd o el Al 9

Z
Sl

— 176 —



Zgu]-2g3 0 — vlERRl D gt YAl 4] o5 —

2l 2719] AbRLe] HIERY D w57 2R S AxkAo] e Aol = Az o] QI AlAoke] EAelA
&S Bausgt” B 0] D Ago] Q™

2) 2EA7AIte| Sty Al F A|e) w2 nER Do) AH = Ao Azt

Al F AAFES] HER] D e o} eo} LA A e Ao gtk B 7k QIoh® Aldid vlehn e D =7t
] Axhgo] BaE 1 Qlrk. gt Aol Al F FF | vhE o ol A Z1AS) B 57) 7] AEe]
ERl D 57} B Qalioll Az Akl 250k Blote] o S7Fabe 0 Algol7] €] vk MiEkl D Fieis ok 79
B 590 g Rkl o Aol giEE A0 2 AAHE™ ™ A 9] vleby) D9} ejoke] o
Fhek B3-S B aEkglek” W opg7]e] dE|Z7]9ke] Aol gk A7t o FQ

7179] 3=t AlAJolS thAFO 2 3 Aol M= E4 A aft.
Alggt 41 Z 5714 % (bone mineral content)©] o1&
6-99)oIM A& (1-32) B} 6% 1 =hch* v W=t 6. X = HIEITI DO| EX0] 0|25t 22t FAt
oA e TU AgAte] gk Aol A= o Fofl Hlo] 7| GIEE A2 = USI?
o A AJolel| A F7|AREe] 8—129% 2 W A7E Kol F ke 2] vz A gl gk wel A el A =
CE% o]@] gt Ay} 2jo o] 21l o Zi= w]=o A A 1AM Al ZF HER DE RS A @5 vlef DO w50t

71| HEF] D BZo] 2 o] Fojx|A] ¢hom wheba A& 7V 218 Baslglnk” ek njell DE e 1%
off Al 115 Bl 5 1 o R o5 Hojuhe oA BAA & FolsHAl F AT FAANEE Bl
2Aoke] F77140] ZhAg AS HolA = whd b= ok A A T8, A S, FE Rl AAlE
M= 9l A71Zkel A wlel D A AEE HolH of, ZAke] Wbk A AJFY of o] QlotA= AfelE
B3k HjE] D BFo] A9 glof Aol ol Al dote] RolA] Rkt whebA of A7 = Tk 9l H
A A R D S5 aEe] Jal F57)do] Hadt & =017l fl8l Al F Wk DO BE-& Aashs A
ARE wolA @ Aoz Azd B} Weiler 52 941 717] & L O|BA AV B-E3 Zlo] ‘-’I‘i*‘ol‘ﬂr. aHA Rk o] gt
ZFEQHHIER DE A § Jaltel A 8 RE 49714 A3 s Aets dolls 27k Fo5 etk ¢4 23
ejofit 2l gote] AtiE of iR D $E7F sE A5 7] ¥ A-Ertek ek Do) g%t *}9—7] h BA B Al
7be 23 FART B askgivt 2eu i 37]E S Aotell A A FRAIR Fol vhErk= 2l wegh A, ¢
wjo] QA ekokar Al Bl thE =] FFT kS FAA A F AT 7L AF 9N 5 o] wEe] e
23} v)asto] frelahAl Sorek” TPF e Y= Aok

3) 7IEt H5 A ) QA dhie WAl FhAe]] st v]

AlAJol IR D] w5t AR vEM D] F5 BRI D B30 g3 QIS EA] ARt de) 1A
Agko] Qirk. whebA] BIER D A o] Qli= JAaly-el|A] E AL v A= @3hE AAeHE 2 S BauE otk
ok AlotellA] oAl HIER] D A3 <] 1] F7ha gk AT A HIER] Do} ZH50] B & F57] o|9] E
Ch! g Aol A JAal-2] 15%0l 4] HlER D Ao 9l o s Bastglon Hle D v &3] glse] &
aL, AlAJote] 1197} IR D Ze] gl.em Hlekl D L3t Ao ok Bgk Qe A A Al o] A

Ago] Sl Gl Agotell A vleR D A3 9] 9194 7} Qdont obA Advkd AvpE BolA] ZHhT uhEkA

o] Z7FE Ak B aick! vlebl D A2 Ao} A U] 352 A0 tigfe F29] thx Aol A Q3 Aol
Zhr abato] 05 1otk o Ao A A4 bt A 92 F vlEr] BFaR e o] 5ef vt Hetel 3
o] A Algore] Aol 4] ulER D A o] 85%% 27 A FE3B) SNk Al T AR EC] HlER D 443
Az Bato] QI AAote] BAlel Al 50%3 T & 7F 55 Aol Aol widd &1 600 [US] AFE A

— 177 —



Hye-Mi Ji, Geum Joon Cho : - The Association between Vitamin D Deficiency and Perinatal Outcomes of Pregnancy —

Ep Zlol)”

ol
ol
ol
rlr
)
rlo

7. ¥4 F H|EH D 230f Cht 7to|=2}2!

20111 American College of Obstetrians and Gyne-
cologists (ACOG)eIA = BIEF] D 43S €% 25(0H)D
57} 32 ng/mL (80 nmol/L) "|RES. 2 A 2J51e] 01 ]
BRI D A0] 9= 45 vid 1,000-2,000 TUS] HIEFR]
DE BT Zls BRsISiTt shARE s JAlF-oll 4] Bt
WD Aol thgk A3 A (screening) & HiL 3k A
ot

20119 Endocrine Society?] clinical practice guide-
lineell= 25(0H)D 578 thgh A EHAL 455 qhel Ak
RO} A 7E 3E o] §lrk Bk wEkl D ARE <20
ng/mL, ¥%-& 21-29 nL/mL2 & A 2J3k¢ick nlEeb
A o] tig BF QWO E 14-18A] AFRejA] Wl 600~
1,000 1U, 19=50A] Akl A wid 1,500-2,000 [U A1
afar ok’

20143 Royal College of Obstetricians & Gynae-
cologist (RCOG)XNA BE JAalFollA AddALE A1
aFA] ekom] )R- HivA T QA Eske] Y134, H

4

B D] 5 Algtsk= s18a7 dH 52 A8

=
o
5\
ofo

> O b
O_>L jud} l
T N
@ E T
R g 2 o
o e
Ho o-t)lv _Il'E a
) ‘:o
fo
g
tg o =
2 g
X rn
2 oo
e >
s
e =
— 1
(S
==
Z e
T e
RS
U —
&
. oo

=
o
e
2
i
2
Bl
=
et
l—‘
)
S
S
()
4
rhu o
o,
£l
39,
=

r_‘q{_:‘
2L
o,
I S 2
30 ofy
RN
= L
Kas
= Y
o e
lo
- on
2 ol
o
1L =
g
2o
o
N
o
82

).
1 o
>
>
Ao
of
ko
ro
12
)
Mz
2=}
(o3
o
i
U
N
off W& -
=
=)
12
=
o
1o
oFE 12 my

D

2)

3)

4

5)

6)

7)

8)

9

10)

11)

References

Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL,
Picciano MF, Yetley EA. Serum 25-hydroxyvitamin D
status of the US population: 1988-1994 compared with 2000-
2004. AmJ Clin Nutr2008;88:1519-27.

van der Mei IA, Ponsonby AL, Engelsen O, Pasco JA,
McGrath JJ, Eyles DW, et al. The high prevalence of vitamin
D insufficiency across Australian populations is only partly
explained by season and latitude. Environ Health Perspect
2007;115:1132-9.

Na BM, No SJ, Kim MJ, Han HS, Jeong EH, Han YH, et al.
Nutritional Status of Vitamin D in Korean Mothers and their
Newborn Infants. Korean J perinatol 2007;18: 399-406.
Holick MF. Vitamin D deficiency. N Engl J Med 2007;
357:266-81.

LiuNQ, Hewison M. Vitamin D, the placenta and pregnancy.
Arch Biochem Biophys 2012;523:37-47.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon
CM, Hanley DA, Heaney RP, et al. Evaluation, treatment,
and prevention of vitamin D deficiency: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab
2011;96:1911-30.

Ginde AA, Sullivan AF, Mansbach JM, Camargo CA Jr.
Vitamin D insufficiency in pregnant and nonpregnant
women of childbearing age in the United States. Am J Obstet
Gynecol 2010;202:436 ¢1-8.

Johnson DD, Wagner CL, Hulsey TC, McNeil RB, Ebeling
M, Hollis BW. Vitamin D deficiency and insufficiency is
common during pregnancy. Am J Perinatol 2011;28:7-12.
Sloka S, Stokes J, Randell E, Newhook LA. Seasonal varia-
tion of maternal serum vitamin D in Newfoundland and
Labrador. ] Obstet Gynaecol Can2009;31:313-21.

Holmes VA, Barnes MS, Alexander HD, McFaul P, Wallace
JM. Vitamin D deficiency and insufficiency in pregnant
women: a longitudinal study. Br J Nutr 2009;102:876-81.
Bowyer L, Catling-Paull C, Diamond T, Homer C, Davis
G, Craig ME. Vitamin D, PTH and calcium levels in
pregnant women and their neonates. Clin Endocrinol (Oxf)
2009;70:372-7.

12) Madar AA, Stene LC, Meyer HE. Vitamin D status among

— 178 —



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Aau]- 25 1 — vlEgl D 273t YAilo] F4H7] o

immigrant mothers from Pakistan, Turkey and Somalia and
their infants attending child health clinics in Norway. Br J
Nutr 2009;101:1052-8.

Hofmeyr GJ, Lawrie TA, Atallah AN, Duley L, Torloni MR.
Calcium supplementation during pregnancy for preventing
hypertensive disorders and related problems. Cochrane
Database Syst Rev 2014;6:CD001059.

Bodnar LM, Catov JM, Simhan HN, Holick MF, Powers
RW, Roberts JM. Maternal vitamin D deficiency increases
the risk of preeclampsia. J Clin Endocrinol Metab 2007;
92:3517-22.

Baker AM, Haeri S, Camargo CA Jr, Espinola JA, Stuebe
AM. A nested case-control study of midgestation vitamin D
deficiency and risk of severe preeclampsia. J Clin Endocrinol
Metab 2010;95:5105-9.

Bodnar LM, Simhan HN, Catov JM, Roberts JM, Platt RW,
Diesel JC, et al. Maternal vitamin D status and the risk of
mild and severe preeclampsia. Epidemiology 2014;25:207-
14.

Wei SQ, Audibert F, Hidiroglou N, Sarafin K, Julien P, Wu
Y, et al. Longitudinal vitamin D status in pregnancy and the
risk of pre-eclampsia. BJOG 2012;119:832-9.

Robinson CJ, Alanis MC, Wagner CL, Hollis BW, Johnson
DD. Plasma 25-hydroxyvitamin D levels in early-onset
severe preeclampsia. Am J Obstet Gynecol 2010;203:366 el-
6.

Xu L, Lee M, Jeyabalan A, Roberts JM. The relationship of
hypovitaminosis D and IL-6 in preeclampsia. Am J Obstet
Gynecol 2014;210:149 el-7.

Abedi P, Mohaghegh Z, Afshary P, Latifi M. The relation-
ship of serum vitamin D with pre-eclampsia in the Iranian
women. Matern Child Nutr2014;10:206-12.

Haugen M, Brantsaeter AL, Trogstad L, Alexander J, Roth
C, Magnus P, et al. Vitamin D supplementation and reduced
risk of preeclampsia in nulliparous women. Epidemiology
2009;20:720-6.

Harvey NC, Holroyd C, Ntani G, Javaid K, Cooper P,
Moon R, et al. Vitamin D supplementation in pregnancy: a
systematic review. Health Technol Assess 2014;18:1-190.
Hypponen E, Cavadino A, Williams D, Fraser A, Vereczkey
A, Fraser WD, et al. Vitamin D and pre-eclampsia: original
data, systematic review and meta-analysis. Ann Nutr Metab
2013;63:331-40.

Thorne-Lyman A, Fawzi WW. Vitamin D during pregnancy
and maternal, neonatal and infant health outcomes: a
systematic review and meta-analysis. Paediatr Perinat
Epidemiol 2012;6 Suppl 1:75-90.

Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC,

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

— 179 —

o

O'Beirne M, Rabi DM. Association between maternal
serum 25-hydroxyvitamin D level and pregnancy and
neonatal outcomes: systematic review and meta-analysis of
observational studies. BMJ 2013;346:f1169.

Tabesh M, Salehi-Abargouei A, Tabesh M, Esmaillzadeh
A. Maternal vitamin D status and risk of pre-eclampsia:
a systematic review and meta-analysis. J Clin Endocrinol
Metab 2013;98:3165-73.

Wei SQ, Qi HP, Luo ZC, Fraser WD. Maternal vitamin
D status and adverse pregnancy outcomes: a systematic
review and meta-analysis. ] Matern Fetal Neonatal Med
2013;26:889-99.

Schneuer FJ, Roberts CL, Guilbert C, Simpson JM, Algert
CS, Khambalia AZ, et al. Effects of maternal serum
25-hydroxyvitamin D concentrations in the first trimester
on subsequent pregnancy outcomes in an Australian
population. Am J Clin Nutr 2014;99:287-95.

Maghbooli Z, Hossein-Nezhad A, Karimi F, Shafaei AR,
Larijani B. Correlation between vitamin D3 deficiency and
insulin resistance in pregnancy. Diabetes Metab Res Rev
2008;24:27-32.

Clifton-Bligh RJ, McElduff P, McElduff A. Maternal
vitamin D deficiency, ethnicity and gestational diabetes.
Diabet Med 2008;25:678-84.

Lacroix M, Battista MC, Doyon M, Houde G, Ménard J,
Ardilouze JL, et al. Lower vitamin D levels at first trimester
are associated with higher risk of developing gestational
diabetes mellitus. Acta Diabetol 2014;51:609-16.

McManus R, Summers K, de Vrijer B, Cohen N, Thompson
A, Giroux I. Maternal, umbilical arterial and umbilical
venous 25-hydroxyvitamin D and adipocytokine
concentrations in pregnancies with and without gestational
diabetes. Clin Endocrinol (Oxf) 2014;80:635-41.

Cho GJ, Hong SC, Oh MJ, Kim HJ. Vitamin D deficiency in
gestational diabetes mellitus and the role of the placenta. Am
J Obstet Gynecol 2013;209:560 el-8.

Wang O, Nie M, Hu YY, Zhang K, Li W, Ping F, et al.
Association between vitamin D insufficiency and the risk for
gestational diabetes mellitus in pregnant Chinese women.
Biomed Environ Sci 2012;25:399-406.

Farrant HJ, Krishnaveni GV, Hill JC, Boucher BJ, Fisher
DJ, Noonan K, et al. Vitamin D insufficiency is common in
Indian mothers but is not associated with gestational diabetes
or variation in newborn size. Eur J Clin Nutr 2009;63:646-
52.

Whitelaw DC, Scally AJ, Tuffnell DJ, Davies TJ, Fraser
WD, Bhopal RS, et al. Associations of circulating calcium

and 25-hydroxyvitamin D with glucose metabolism in



37)

38)

39)

40)

41)

42)

83)

44)

45)

46)

47)

Hye-Mi Ji, Geum Joon Cho : - The Association between Vitamin D Deficiency and Perinatal Outcomes of Pregnancy —

pregnancy: a cross-sectional study in European and South
Asian women. J Clin Endocrinol Metab 2014;99:938-46.
Perez-Ferre N, Torrejon MJ, Fuentes M, Fernandez MD,
Ramos A, Bordiu E, et al. Association of low serum 25-
hydroxyvitamin D levels in pregnancy with glucose
homeostasis and obstetric and newborn outcomes. Endocr
Pract 2012;18:676-84.

Poel YH, Hummel P, Lips P, Stam F, van der Ploeg T, Simsek
S. Vitamin D and gestational diabetes: a systematic review
and meta-analysis. Eur J Intern Med 2012;23:465-9.

ZhouJ, SuL, Liu M, Liu Y, Cao X, Wang Z, et al. Associa-
tions between 25-hydroxyvitamin D levels and pregnancy
outcomes: a prospective observational study in southern
China. Eur J Clin Nutr 2014;68:925-30.

Bodnar LM, Rouse DJ, Momirova V, Peaceman AM,
Sciscione A, Spong CY, et al. Maternal 25-hydroxyvitamin
dand preterm birth in twin gestations. Obstet Gynecol 2013;
122:91-8.

Bodnar LM, Klebanoff MA, Gernand AD, Platt RW,
Parks WT, Catov JM, et al. Maternal vitamin D status
and spontaneous preterm birth by placental histology in
the US Collaborative Perinatal Project. Am J Epidemiol
2014;179:168-76.

Shand AW, Nassar N, Von Dadelszen P, Innis SM, Green
TJ. Maternal vitamin D status in pregnancy and adverse
pregnancy outcomes in a group at high risk for pre-
eclampsia. BIOG 2010;117:1593-8.

Fernandez-Alonso AM, Dionis-Sanchez EC, Chedraui
P, Gonzalez-Salmerén MD, Pérez-Lopez FR; Spanish
Vitamin D and Women's Health Research Group. First-
trimester maternal serum 25-hydroxyvitamin D(3) status
and pregnancy outcome. Int J Gynaecol Obstet 2012;116:6-9.
Dunlop AL, Taylor RN, Tangpricha V, Fortunato S, Menon
R. Maternal micronutrient status and preterm versus term
birth for black and white US women. Reprod Sci 2012;
19:939-48.

Mehta S, Hunter DJ, Mugusi FM, Spiegelman D, Manji
KP, Giovannucci EL, et al. Perinatal outcomes, including
mother-to-child transmission of HIV, and child mortality
and their association with maternal vitamin D status in
Tanzania. J Infect Dis 2009;200:1022-30.

Delmas PD, Glorieux FH, Delvin EE, Salle BL, Melki I.
Perinatal serum bone Gla-protein and vitamin D metabolites
in preterm and fullterm neonates. J Clin Endocrinol Metab
1987;65:588-91.

Thorp JM, Camargo CA, McGee PL, Harper M, Klebanoff
MA, Sorokin Y, et al:Eunice Kennedy Shriver National
Institute of Child Health and Human Development Ma-

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

— 180 —

ternal-Fetal Medicine Units Network. Vitamin D status and
recurrent preterm birth: a nested case-control study in high-
risk women. BJOG 2012;119:1617-23.

Baker AM, Haeri S, Camargo CA Jr, Stuebe AM, Boggess
KA. A nested case-control study of first-trimester maternal
vitamin D status and risk for spontaneous preterm birth. Am
J Perinatol 2011;28:667-72.

Hossain N, Khanani R, Hussain-Kanani F, Shah T, Arif
S, Pal L. High prevalence of vitamin D deficiency in
Pakistani mothers and their newborns. Int J Gynaecol Obstet
2011;112:229-33.

Merewood A, Mehta SD, Chen TC, Bauchner H, Holick
ME. Association between vitamin D deficiency and primary
cesarean section. J Clin Endocrinol Metab 2009;94:940-5.
Scholl TO, Chen X, Stein P. Maternal vitamin D status and
delivery by cesarean. Nutrients 2012;4:319-30.

Savvidou MD, Makgoba M, Castro PT, Akolekar R,
Nicolaides KH. First-trimester maternal serum vitamin D
and mode of delivery. BrJ Nutr2012;108:1972-5.

Folayan MO, Haire B, Harrison A, Fatusi O, Brown B.
Beyond informed consent: ethical considerations in the
design and implementation of sexual and reproductive
health research among adolescents. Afr J Reprod Health
2014;18:118-26.

Innes AM, Seshia MM, Prasad C, Al Saif' S, Friesen FR,
Chudley AE, et al. Congenital rickets caused by maternal
vitamin D deficiency. Paediatr Child Health 2002;7:455-8.
Anatoliotaki M, Tsilimigaki A, Tsekoura T, Schinaki A,
Stefanaki S, Nicolaidou P. Congenital rickets due to maternal
vitamin D deficiency in a sunny island of Greece. Acta
Paediatr 2003;92:389-91.

Orbak Z, Karacan M, Doneray H, Karakelleoglu C.
Congenital rickets presenting with hypocalcaemic seizures.
West Indian Med J 2007;56:364-7.

Curtis EM, Moon RJ, Dennison EM, Harvey NC. Prenatal
calcium and vitamin D intake, and bone mass in later life.
Curr Osteoporos Rep 2014;12:194-204.

Robinson CJ, Wagner CL, Hollis BW, Baatz JE, Johnson
DD. Maternal vitamin D and fetal growth in early-onset
severe preeclampsia. Am J Obstet Gynecol 2011;204:556 el-
4.

Leffelaar ER, Vrijkotte TG, van Eijsden M. Maternal
early pregnancy vitamin D status in relation to fetal and
neonatal growth: results of the multi-ethnic Amsterdam
Born Children and their Development cohort. Br J Nutr
2010;104:108-17.

Bodnar LM, Catov JM, Zmuda JM, Cooper ME, Parrott
MS, Roberts JM, et al. Maternal serum 25-hydroxyvitamin



61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

Aau]- 25 1 — vlEgl D 273t YAilo] F4H7] o

D concentrations are associated with small-for-gestational
age births in white women. J Nutr 2010;140:999-1006.
Morley R, Carlin JB, Pasco JA, Wark JD. Maternal 25-
hydroxyvitamin D and parathyroid hormone concentrations
and offspring birth size. J Clin Endocrinol Metab 2006;
91:906-12.

Ioannou C, Javaid MK, Mahon P, Yaqub MK, Harvey
NC, Godfrey KM, et al. The effect of maternal vitamin D
concentration on fetal bone. J Clin Endocrinol Metab 2012;
97:E2070-7.

Mahon P, Harvey N, Crozier S, Inskip H, Robinson S, Arden
N, et al. Low maternal vitamin D status and fetal bone
development: cohort study. ] Bone Miner Res 2010; 25:14-9.
Namgung R, Tsang RC, Lee C, Han DG, Ho ML, Sierra
RI. Low total body bone mineral content and high bone
resorption in Korean winter-born versus summer-born
newborn infants. J Pediatr 1998;132:421-5.

Namgung R, Tsang RC. Factors affecting newborn bone
mineral content: in utero effects on newborn bone minerali-
zation. Proc Nutr Soc 2000;59:55-63.

Weiler H, Fitzpatrick-Wong S, Veitch R, Kovacs H,
Schellenberg J, McCloy U, et al. Vitamin D deficiency
and whole-body and femur bone mass relative to weight in
healthy newborns. CMAJ 2005;172:757-61.

Mehrotra P, Marwaha RK, Aneja S, Seth A, Singla BM,
Ashraf G, et al. Hypovitaminosis d and hypocalcemic
seizures in infancy. Indian Pediatr 2010;47:581-6.

Salama MM, El-Sakka AS. Hypocalcemic seizures in
breastfed infants with rickets secondary to severe maternal
vitamin D deficiency. Pak J Biol Sci 2010;13:437-42.
Camargo CA Jr, Rifas-Shiman SL, Litonjua AA, Rich-
Edwards JW, Weiss ST, Gold DR, et al. Maternal intake of
vitamin D during pregnancy and risk of recurrent wheeze in
childrenat 3 y ofage. Am J Clin Nutr 2007;85:788-95.
Belderbos ME, Houben ML, Wilbrink B, Lentjes E,
Bloemen EM, Kimpen JL, et al. Cord blood vitamin D
deficiency is associated with respiratory syncytial virus

1)

7)

73)

74)

75)

76)

77)

78)

79)

— 181 —

o

bronchiolitis. Pediatrics 2011;127:e1513-20.

Camargo CA Jr, Ingham T, Wickens K, Thadhani R, Silvers
KM, Epton MJ, et al. Cord-blood 25-hydroxyvitamin D
levels and risk of respiratory infection, wheezing, and
asthma. Pediatrics 2011;127:e180-7.

Walker VP, Zhang X, Rastegar [, Liu PT, Hollis BW, Adams
JS, etal. Cord blood vitamin D status impacts innate immune
responses. J Clin Endocrinol Metab 2011;96:1835-43.
Pérez-Lopez FR, Pasupuleti V, Mezones-Holguin E,
Benites-Zapata VA, Thota P, Deshpande A, et al. Effect of
vitamin D supplementation during pregnancy on maternal
and neonatal outcomes: a systematic review and meta-
analysis of randomized controlled trials. Fertil Steril 2015;
103:1278-88e4.

Marya RK, Rathee S, Manrow M. Effect of calcium and
vitamin D supplementation on toxaemia of pregnancy.
Gynecol Obstet Invest 1987;24:38-42.

Yap C, Cheung NW, Gunton JE, Athayde N, Munns CF,
Duke A, et al. Vitamin D supplementation and the effects
on glucose metabolism during pregnancy: a randomized
controlled trial. Diabetes Care 2014;37:1837-44.
Soheilykhah S, Mojibian M, Moghadam MJ, Shojaoddiny-
Ardekani A. The effect of different doses of vitamin D
supplementation on insulin resistance during pregnancy.
Gynecol Endocrinol 2013;29:396-9.

Asemi Z, Hashemi T, Karamali M, Samimi M, Esmaillza-
deh A. Effects of vitamin D supplementation on glucose
metabolism, lipid concentrations, inflammation, and
oxidative stress in gestational diabetes: a double-blind
randomized controlled clinical trial. Am J Clin Nutr 2013;98:
1425-32.

ACOG Committee on Obstetric Practice. ACOG Com-
mittee Opinion No. 495: Vitamin D: Screening and supple-
mentation during pregnancy. Obstet Gynecol 2011;118:197-
8.

Royal College of Obstetricians & Gynaecologist. Scientific
Impact Paper No. 43 : Vitamin D in Pregnancy. 2014.



Hye-Mi Ji, Geum Joon Cho : - The Association between Vitamin D Deficiency and Perinatal Outcomes of Pregnancy —

T EEEE

22 HlE D 7o) AR AR o 513 9lek vlEp D) 2AAo)A) ofdat Be] ule D 2
o] Ajeie] Agk TS N@J& A%, P, o 59 2 Y DS Aol R aERA olel Hig Y 3
54 0.2 ML D o S AL 3710k ek el kol 94 il DSk sl 43
& APl B QA F B ool IR D7 P 210 el QAL olelat 94 e wehe D ¥
© <1213 e 5 Aol o] & A Sk Wk Do) ] 941 % Pl 2 2 vk 2okl A
4ol A el el A3 141 % HIER] D ngao] o8 Qale) F47] el el dekant gk

S To: e DAY, il 2Eek il e, T4 el 5 wiEk D 2584

— 182 —



