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Abstract

Vitamin D, an essential fat-soluble vitamin for the human body, possesses extensive and crucial
physiological functions. It effectively maintains the stability of serum calcium and phosphorus con-
centrations, plays a central role in promoting the intestinal absorption of calcium and phosphorus
as well as the deposition of calcium in bones, thereby safeguarding the normal development and
health of the skeletal system. Vitamin D also exhibits significant activity in immune system regula-
tion, which can enhance the body’s immunity and resist pathogen invasion. Consequently, vitamin
D exerts positive effects on maternal and infant health. Sufficient vitamin D helps improve insulin
sensitivity in pregnant women and reduce the risk of gestational diabetes mellitus; its immunomod-
ulatory properties can decrease the incidence of severe pregnancy-related complications such as
preeclampsia. In terms of fetal development, it promotes the sound formation of fetal bones and
teeth. For breastfed infants, adequate vitamin D in maternal breast milk can improve neonatal neu-
rocognitive function and enhance their immune defense capabilities. However, epidemiological
studies have shown that vitamin D deficiency is relatively prevalent among pregnant women, and
this deficient state exerts numerous adverse impacts on maternal and infant health outcomes. For
pregnant women themselves, vitamin D deficiency significantly increases the risk of pregnancy
complications such as gestational diabetes mellitus and preeclampsia, and may also lead to bone
loss and osteoporosis during pregnancy, affecting their quality of life and physical health. From the
fetal perspective, maternal vitamin D deficiency during pregnancy hinders the normal development
of fetal bones, increases the incidence of neonatal hypocalcemia and congenital rickets, and even
exerts negative effects on the development of fetal neurocognitive function, which is detrimental to
the long-term health of newborns. This review summarizes the physiological functions of vitamin
D, the epidemiology of vitamin D deficiency in pregnant women, its impacts on maternal and infant
health, and corresponding supplementation strategies, aiming to provide more comprehensive the-
oretical guidance for clinical practice and promote the sustainable development of maternal and
infant health undertakings.
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YR D &M EABEEERRIRE R4 2R, g B TS A A 4R 4 5% 48 BRI D) BE
MR SRTH, IEHAWEEREE, 4E2E% D BMERE A IE T I ——HZ R (VDR) 2 /A Tiadt . i
YA JRAR g ANNAE 2 M, SORHAEMEIR G T 6 )UK E AR AT e R A SRR
ERREREN, Z2E4E4 R D B A R IR R, Fral R R RPER T E . BE. BR), ZE
ik Z R Eik 70%~100% [1]. L@ — At Fo s, BRfsisE HER O 600 1U 4E4E 2 D (IOM H#EFE5fIE), 1)
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A T6%HIZ AR 81%IH L JIAAAEAEAE R D S = [2]. X — IR 5L BRIFIRE RM L, ME4E4EKD
FSN R 72 I 2 AT AT 8 R o Ak, 4EAE 3R D AN 2 A e BB BT SR TR 1 J L3R R RERG I =ik 5 A
[FIRES A JLANHT A L SEm [FIRE 45 32 550 . 4E2E R D AlEI G Fah s 20 L, HILMCR 2/ k44
# DREWERR W, M™HEBRZ TR SEUR LSBT, G058 R A 255 KU .

2. #EE R D RIS EIEINEE
2.1. {Xig

YR D EERETEE RS, . 0. A9ES. 44K D 5IRNR. Hil—BsSEE
FCFLBEORL, 24 sy Bk Nl b e 4, PRtk RGN G . iR D EA NS, %
TERF AR AV I 47 P90 B AL R . B, TEREH, FAEBRRICRA R ) CYP2RY (3= ZLRG) AN
CYP27AL {44 R D ik 25-¥ 244 K D [25(0OH)D], 25(0H)D J& 44 2 D 78 MR AEFR A 1) 3 A
P, RN 2~3 &, RBLPNIRMESEE R D M EWEh RN 4EA R D 2D, kK H
HME RV 44 3% D ARAS . 285, 25(0H)D #iiz = E AL, 7E la-AAEF(CYP27BL)MIfEH T AN
HAESYEER 1,25- 3454 2 D [1,25(0H)2D]. K& T HFIEAIE IE, HADHSna R . HAZgnie. ik
MRS EA la-F2A00G, 7ERFEIHOL T A JRE & ik 1,25(0H)2D F K #EEH . 4i4E % D M=)
FEGR IR S iE AR, F AT AR E R, R ARE TR R R 4EAE R Dy KA
WP (A4S —BERR) nT 4 B /N ERIES , BEJRMHEH, H 5 A Z 5% [3].

2.2. HEE D ETETHEE

221 BEE

(e HE B A5/ A2 3% D RS (Lt Jl 0 X 875 AL PO IR AL, S5 I Y b F 5 198 K P (R R A 3 S
Bl AT G AT I % 5 AR 5 e b e P R S5 IR D RETCE o 4R 3R D AN, Joddxd 495 g Wi e sl i 2
TRE, DT YRR IR RS AT, FUR S R 0 WA 2 B IR ST RGR R i R B R R v
KT L2 FEE BB, s,

HH AL 4E43 D IS PEIE A 1,25(0H)2Ds w1 AL RIS 40 ML %, 484 568 HL A A 23 A1 28 5
REZT. [N, EIEAERR RAFIOPSBERRAS, NBREEREACO 7R B B P DT R B B0 1, (Rt Ak m™ 1k
WA, HEORE R R AT ek = 4R D AT EOH A LIRS MR AN A R, (HR ) L
AR L0 Se SR, B B AL IR 4]

2.2.2. REIRT

Je R 4ErE R D RS RPTR IR RIE . PR oe NE s RGN EZH G5y, o EAEAEH
TFRIEAR, BRI REE S AL, T SR SR A AR KR . BRI E N e R e I AN, 1
Y2 D ERT, FLmgns ks AR 1 Be A3 208 T, SEA R ACA A U B R

ENPE R — 7T, 4EAEE D T LAMH] Thl 4088916 & IFN-y. 1L-2 433, 40 Thi7 gufer=E
IL-17 A1 IL-21, [RINR3E Th2 B3t 1L-4, 53 %5 N )40 8 77 a2 [5]. Thl 4l £ 22 541/
T[N, Th17 AHI 5 20 s B3 DA 5C . i BEVE BRI ThUTh17 20l e 5| K A 5 e I, ThidE
A2 D WATER A BT RAR A S Bl R R H—TH, 4843 D sefei Treg Z0MEM0 701k
Treg 402 — R BAT G IIHI TIRE M A0HE, RERS R i RA MG, HERFRIEm 52, Bk fE /gt
FETEAL, BT [ B I A4 A G i

IGIRCEE: IRIRITTFURIN, 4% D SR M AR 5 KA NPIRGE Gy, Ry H e RS ReAH 0T
BE, MELABARPURE . SR ERIRE. EE SRR, 1 ARRRE SRR D =7
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FERME, ZAWIRERYEAE R D SR, 7 HIEE 1 AU Rm RS vl BERg N, X W Re 5 4EE 3 D £ RE R
g H AR AR A R [6] -

2.2.3. X SITIR

e Thee: CYP2R1 & N FEM4EE 3 D25-#210 1, 1E% CYP2R1 nl b4k E 2 Ds Al D2 1Y 25-
A7), ERREH, 443 D ZIR(VDR)M'E 1a-FALEE(CYP27BL) Rl mRIANE. 4ER D@L
VDR %54, IR E AR N1R 268 DA IR i i S A o 5% 2 4L 1) IF 5 42 2850 T IR IR B IR
FRELI IR R B R REE, a0 1) R4 E A ARG L3RS 78 L 108 = MASHER, AR L
AR KR B O R4 5% 18]

URYREE &y - AW TR B, 4R 4R 2 D AN 2 TR 2 0 R R AT AN TR I L3R  if il CYP27B1/VDR
B R 4EAE R D VEAL, P B O R N, 4EAE R D Gk Z SR BB G T 3 BB AR R R T O,
BN GRS AORE R [9] o [RIRT, Iy H 78 2 M 4EAE 2R D KPR B T B 5 UK [10], T REALA G 3
VAT E UV . dERR IR R R TS, RIRLERMER NI IE R AR KR B B AL A i 4t
IR R

224, R5LMERE

Ji i U 4EE &K D W AEIEIE S B 4N B0 VDR 54, AT BO4E SaEEg, TR B 4
MIThRE[11]. B AUAEES 7> WM B 25, EFF MR IE AR, ShZ i), B8 =5 5@ 2 (U IRS-1 B
BRIk D), SEIN A RS FHCP. 4843 D A B T OCEIE R R IAIER, B mbL iAo 19 5 2% i flusk
P, ST T RN B PR LA B . GUN 20 TR 7T(16,515 B1) ) Meta i, 4E4ER D AL
(25(0OH)D < 20 ng/mL)fdi GDM JX[%: 4 11 45% (RR = 1.45, 95% Cl: 1.15~1.83), JuHAE KL . JERAFHE
6 I AR B A R 2 (R F 9 P BB O (R 25 [12]

TRPLOIE: FhgedE R D rREdMH T &= - B KE RA(RAS) S LI FE M . RAS i BE#E
RFBUMEWSE . MEF &, 442 D eI/ R, FHWT RAS B BEVEM, ARSI E .
I H., 1,25(0H),D 3 it i i i B A K IR (VEGF) R B B 2 13280, o0 N I ThRg, /b i &
KEFIEALRIR[13]. RIS, 443 D Refocla s A e ohie, (et — SRR, — 8 M E R
AEFIKILE AR SR AR RS SR, A B T4 Re MU (1 IE W £7 5K DhRe . SR it 7Lk
BR4EA: 38 D = 50 U8 RS B R AR E ST TH 5 0k, (RO R MARIESE, H5 0 MU0 IR AH S AT
B FH AL G0 AU IR TR A BN THERRAE 22 52 S 8. IUA IR A SCHFR4E2E R D PO I KRG B R E
2 i R U — P [14].

3. ZPYEER D REZWRITHRE

MAFRTEERE, Za4eE R DGR 274 . AFRMX ETHEAREE ., AmrR. Ra>H
AR SR R R I 22 5, 204 3 D B Z IRAT R DU A BT AN IR o w2 5 1 X PR 44 2 H R[]
fEHBREETY, ZioxXE LR A e gl R D, SEGZ X 2 04E4E R D S RMEIRHEGE, hn
ERRRIMBEMARER, 24, 86%I1{EFE AFEMIE 25(0OH)D < 30 ng/mL, X ZEN|[% % 68%.
ETE R AR SR B e R X, Lk DR R BH Y T o/ P A 2y, =442 3% D /KPRl ge s fIk[1]. =15
SHAEYEAE R D AKCEA R, SR X a4k R D KRR S), £FHBEAL T
EERZHHX 4EE R D KPR, ZAE AN S, Sz RSB Ak, Ze i R 2R
WA K E NS, HRBEAL, SHYEAER D Akl . HEEBEUTR. /5 &
PAL BRI 2D KM B 35 R BRIk, FEAS K AN IR, th Al i 25 BRI R4k R D A e
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BEAE U, R E RAEAE R D MBES TR, ZAEANGEER D KT EREAR. 40, P4
AR D FORIGIN LTINS BRI, 4EAEE D sk = KU T S [15]

GEpmg, AR D shZ R MERTN, WEFT. Fik. HIREE. P ANESIH L LZ
BANEYEER D 5. TR IOYEER D SRZRGRUTIRARFE, 12 FO0 kR TR AT B T, X T e
ZIA G LI HEIR DR AT BB

4. EEFR D MITREG B
4.1, X EHERIRNT

4.1.1. FREnTHA

ez D sh = alidlad DLR AR e b i A B, 4EAER D KA R 4] — E AL E(NO) & AL
BN R -1 (ET-DR, SRS REMEME. Hk, HE = GEmEb A ) S LB (SOD) g, 14
TG AL IE S (ROS)AE K, MR 4 L N B2 . Meta 73 i i, 4E4E 3 D A 22 d i f CYP27B1 (lo-
FRAURE) RIAB MG, 5T AT ™ S AR 1EAH G [16].

4.1.2. SEYREABEPRIR

YR D B = A REIG I A 0 R AR R ITRE R AR [17]0 Forp, R I R B B AN MR AR A A
TR B 3R WARORLRE R D s 1 AT R I (R I T A S WA SRR AR R, 0 R S B AR, ATHE T
W R, 22514 25(0OH)D 47+ & 10 nmol/L, GDM JXU%; F#1EK 15% [18].

4.1.3. REThEERE

UFREREBA L : HEA R D = ST Z M VDR Rk, I8/ 570 4 )8 5 F B (MMPs) 733,
SEURRIBIE K EIBRERG, BEREIR, 51R PR AG ) LAEKZR(FGR) [19].

faA I A g . dkAE R D BT VEGF Faf At fms REER S BRI (SFIt-1) P45, 43 IG 7
MAEIERKE . SZB sFIt-1 ThaE, i £k, SRR E[20].

4.2. FBR)LR T LS R ARG

421 BWERELXE

B LIEBS R B WO T BHARIAS I 4E R 5 D R, 4E4: 3K D Sh= i@ sl iG ) LE By . Tk
A, SEHEIUTE A EEERR, ERRIN)LE SRR [21]. TERZ 4R D AT EGH
A2 LIS IR AR e R VEA 0%, R B fasm AR08 BRSO - 99N 14 T RCT (1) Meta 43471 &
N, PR RYEAE R D (EHTE LI I 25(0H)D WREE RSt E, P ZESR N 22.48 nmol/L (95% Cl:
15.90~29.06 nmol/L), FEANFE4EAE 2R D Al A ASCERR ) L4EAE &= D it [22].

422 BRIVEKZRSNFEIRIL

HATHE AR, BHA4EAER D /KPS HARER G EA DS, HALGy, W EaMRIEae T
B, JE LI A il R (SFIt-L/VEGF LU BT R), SBURILEFRMENAE s BEARMIESSRIOE D, PTH FF
ECEE RS R, IRILE B 2. BN RS R, ZR4EER D B 5 IUREKE. BT Y
i B PR A 9C[23]

4.3. M KERROE R

43.1. REHER
ZAHRZEAE R D s = AT RERZMBG LA R AR, N S ACTE AR S5 AR . B PRI A 0 R X
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Bro WnZErE3R D sh= Al TR fE PPARy & K AL /K-FThim, SEUR LRI AL 0 4 3, 18 )L 2 3]
FERE RS . ZhAses ], 4EAE 3R D b= 2 B AU 5 B I B T i1 22%,  JB & 3K 70 Wby 2> 30%,  H.
M HAE TR, SRR Bk R AL KU R N [24] .

4.32. RBHEXKER

HEE R D MR ARG IR, Mz AG )L Treg 4 ML 4EH5 e 52 . L, 2= 4k
A D 2 FEOH AL AR Treg M LLEIREAS, Th1/Th2 4Hff s, B Bk sem A [25]. H =,
YR D sz ] el o m i R AR I A, SN ARAROR & 1 BEREIRIN[26] 2R MEREAL[27]55 B B Sk
T B4 AR

4.3.3. HWERGKER

AR, 44 R D 6= o ge 5 5B 0 20 . H HPESEH 4 R0 1) RS AT %
HIHAFIRF AR, Z24E4 R D = ol gext 518 4 2 DL FIIZ sh AL 2338 i fe 1K 8 72 AE A
[28].

5. $E4FE D HhFEEWN
5.1. #4R D ®RMIKISHT

5.1.1. KAHEHR
1375 25-F23E4E 4 3 D (25(0H)-D) 2 P 4EA 3 DR A hnitl, HAP3ElIEHK (4 2~3 J), REfmr
IR R D BN AN Bk A AR O o

5.1.2. iSHknifE
HATEPRR. E N 2B L AN [29]:
7oA. i 25(0H)-D >30 ng/mL.
AR 20 < I 25(0H)-D < 30 ng/mL.
= : 10 nmol/L < IfiiE 25 (OH)-D < 20 ng/mL.
JEEEZ . IiiE 25(0H)-D < 10 ng/mL.

52. #EEDIFESE

5.2.1. —ZHENFERD HPRFR

HORUFE : T IE R B = KU 1 21, T 25 2 B0 AR H 400 1U, H i 57 A4 H 2000
IU [30].

HIB 5B S HED 1/ HIBOUIL B 10 500), FE8nE S484 % D ManiE
W BT s FLEA).

5.22. #ER D RZFAMNMREAR

BRI R I 25(0H)-D 7K, 454 BMIL HIRES K PR 45 25 XU IR 2K il e Mk 6
MFOEFYER D L2/ RHE, BRADRBEMHIAARA IERZ/ABRE, TEMAYEER D
7R

TR A 4EAE R D AN BB Z B, NSRgs T4EAE R D FfuiiiE (2000 1U/d), fEILIE 25(0H)-D
WRPEIA BN FE LK P 5 (>30 ng/ml),  Fi4A T 48 I677[31].

MRAE4EAE 2 D B = 20 i #b 78 S T LA Lo
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Table 1. Summary of supplementation strategies for gestational Vitamin D deficiency

=1 OEIREIMEAE R D BRZANFERIESL R

1% 25(OH)D Bk = 73 2% TEUR I AP TSN

TEMIMNTE, AW, S BN, #FE BG4 K D 400
U, 38 4id BN (<2000 1U/K) [30].

fFHANRYEE R D 400~800 1U, fiuik 44 = DafilFl; #h7e 4~8 B/ E & 1
15 25(0H)D, ikkrG HE4EHRr 7 400 IU/K[32].

HAh 78 4E4E & D 800~20001U, JIBJE. IR (R IRZ2 AT G % 1000~2000 1U; 4 4
AL, I 25(0H)D JHE>30ng/mL J&, A 400~800 IU/R4ERF[33] [34].

Sedh TR A E 2000~4000 UK, FELANTE 2~4 i, EBWiEiE, BE
800~1000 IU/ R 2:RE; SFEMEMMAS . JRAS, 8% =45 M IE[35] .

% 2. >30 ng/mL

NHE: 20~30 ng/mL

B=: 10~20 ng/mL

FEEGRZ: <10 ng/mL

5.2.3. BRFANEE

JEMEZAGE . R4EE R D ERITAHSA TR ER, wRHEEmAE, FRERHmAREE, TEE0E
PRFIWT -

SRR H A RS BT RRE R4 D 66 N, @R Jeie R K5E T R H 2000
IU), {H 5 B ) s 600,000 1U LARH 45 i JiE [36]

6. FWESF/RMY
6.1. SHIEHTHREMFIN

HAT, R4 D Ah A BRI = B MR TE R R —br i, A FTE M R E 2 R RO, &RlE
WL MO A . 4R DIENIREHEAEE R, SERASERNR, SiERHME
K, BIREASIMGE, SEUMEMALESL, HEOREAER, XthERmFENRRFEENZEEE.
WHO 3R 58 B, M FE4EA 2 D 5505 45 A A A1 i 475 IR PR XK A 7 T 1 S 6, ELIEFE 45 2R [ 371
FEW TN, KIARE HAN S 4000 1U, wIREMEINE 45 A K, TEIL S FIBHE, K& &dt—25 7t
o (EEIERE A E) MERE, K 4000 UK, B 4540 KA THE 17% [38]. Btah, 4k
K D ERMTAAER LN 15 K, KL EH7S SEAENEHERR, MRARSEHER
1t 40,000 1U BIAT 5] m s e, UK ARk, O R 2 Hh 3R R [39].

MHTF LI CRENE” 5 CReREY PPERAE: —J0H, SR,
HEER TS E A, KRG H 400~800 1U)#h 78 A AP A B 78 2 /KT, 75id 24 5w T Ak
TR S — 7, mREAN R K e R B, R IR L M RFE A K RCT
Wiy, L SRR (R H AR > 4000 WU)#h 725 BEART B IRE BB LB 88 R B KR, Hok
BIRAAN [F) 28 25(OH)D /KF N2 5= BE. thah, T8R4 78 (WifE 60,000 1U) 1) 22 4 Pt sk
ZRBGUEYE SCHE, To e AR RN E M . W N 2 b S 7T o, IfLiE 25(0H)D FF4E>150
nmol/L (£34H 47 H ik 4000~5000 1U)I, & 47 MU AN S T, 3Kty e 70 B kb 78 1) 22 PR WU 4L 138
(A IE[40]

6.2. FRIAFXHTER MR R

TEURIA LM AR ZE R BOR, AR 4EE R D AMR IR NAFE B3 e, S BURIE 4 7
Ja, By A REPUEIE B 78 A, TR A R AR AR T B B AR, IR R R4S B 78 )
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H, R RE R ERAN RS, FR DUIERE . AN [F RO 2 0 1 5 o M d oy B

AEREZ I R 4R 3 D = e A, O 4E2E 3R D AN RN R 55 T IR AR E 2 . 0L
TET 4R 2R D R RVETER, JEREZ AR K EMRITHA 7442 R D, SEUEHH 25(0H)D 7KFF%
i, B “PEEmimestni” , ULAEREZ2E A e A & D i, IARR BT 7 & AT AN IE AR E 22 1E 1 2~3 %
[34]. {H 4R AR R ) R, = AR AR PRE R FE (BMIL 20 J2) 58 AN EAL 7 EHE . TV AN R BMI
LA B EAN R RN, REG IR A 44 R D R RS S E IER . (b g & 5% 2
FHRLVARE, ik = AHOCH SO S . Ak, IEREZ b m R = 4EE R D I, AR S & T IE
WAREZE, 7RSSR,

AFEIFRZA A 4 2R D Ah R RN ZE R, FEGERERIUEREMR. REERKRAANBER
TR, SIHRIMEUVB)X A R 4EE R D ER, SECLIEL 25(0H)D /K5I T3 o
JkZatE, HAh 7RSSR E4E4E 2 D J5, 25(0H)D 7KV [ 7 il BEAN ik € Je JBk 2230 1) 50%~70% . IIff R 5k
BRI, R R TR B K 50%01) H RIS [R] A Be & 5 iR R RN 4 4R R D, X A%
EIE 7 e 22 S5 R P D 78 S N S S MR [41] o HLE BT, BT AS R R R 2 4 R R S D R R A U A T2
FURAS , R MR TR €0 B JR 2 10 (1 B A A 0 77 s RIS, R DR 2 5 M (n 4k 4= R D %24k VDR, Qi CYP27B1)
XA RN R R A H 78 SR LR RGN, M RAF B8 /A 9T, Ok B B R R A S M R R, A DS
LT 5 DR U (0 K v D 72 [42] o

BRACRE. B2 SAN, ZRRUETR. REE . SRR WIEEE R B S R rERm)mzE, xf
Y% D AR S AMAEAE S P, (EAHDCHE i, FHHLH S AN SR i A e ik — P R R . X T
REHFEMS, HTRARGEAER D FERFE TN, e mER, HECHARZ, fhnkpnT
RELIERAHEAALELER, MEKIRBF N EESEGHEREMENRTE LR D bk, (A4
KA FE A TR [ = [43]

6.3. MEMMRS RCT ERF—HHNEER ST

HAl, ST ariRIZ4EAE R D S = 54 REFIRES 5 10 GG #hAadE2E 3 D 172, MM 7L 5 RCT
M5 R B ATAEA—E, XFP 7 JE 1 5 B AR 5 A2 78 1) 72 *h 70 SR B Xk AT e — N, tHsemm 1 Fie R e
TEMBOENE, HAZOREEEST R ABRER. T REH MM ZETMER, BT H90N R
ILIpE

H—, WA ISR o LR FT (U BAFUBIE FE o a1 % R ) a0 W 4% | RS R 48
AEE 2 D BRI SR IRES R ORHE, SRR AR 3 T8, “f R ABEmfe " ——iE S22 E 7.
BN AR D W%, A R B RRAETE  N(nEE 3 . IR E), X {g AT AR S
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¥, MIESTHRAKKZER. 248 RCT #7L#h 787 & WS (5 H 1000~2000 1U). B KA 2
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