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ABSTRACT The purpose of this study was to investigate the folate status of pregnant women in
Taipei. Eighty-one pregnant women who received prenatal follow-up at Geng-Xin or Ya-Dong Hospital,
aged 20 to 35 years and who did not have anemia ( hemoglobin >11 g/dL )} were recruited as study
subjects. Fasting blood samples were collected from subjects during the early stage (<18 weeks),
late stage (19~36 weeks ), at delivery, and the postpartum stage (6 weeks after delivery ) to me-
asure folate. The results showed that the average plasma folate level dropped to the lowest point
during late pregnancy (11.6 + 8.2 ng/mL ) and at delivery (11.8 £ 7.2 ng/mL ), and was significantly
higher at 6 weeks postpartum ( 14.8 = 7.6 ng/mL ). The average red blood cell folate was the lowest
during early pregnancy (478 + 255 ng/mL ), slightly increased during late pregnancy (558 £ 311 ng/
mL ) and at delivery (677 & 358 ng/mL ), and were significantly higher during the postpartum period
(805 + 267 ng/mL ). There were 13.6% pregnant women in the early stage with marginal folate
deficiency ( plasma folate of 3~6 ng/mL ), and 10% with folate deficiency ( plasma folate <3 ng/
mL ) and 21% with marginal folate deficiency during late pregnancy. When evaluated by RBC folate,
there were 12.1% of women with folate insufficiency during early pregnancy, including 3.7% with
folate deficiency ( RBC folate of< 160 ng/mL ) and 7.4% with marginal folate deficiency ( RBC folate
of 160~200 ng/mL ). Although most pregnant women with a poor RBC folate status had recovered
by 6 weeks after delivery, 11% of the postpartum women still had a poor plasma folate status at
that time. Our study indicates that one-tenth of pregnant women had a poor folate status during early
pregnancy, and up to one-third during late pregnancy. Therefore, folate nutrition still needs be em-
phasized during pregnancy to avoid any possible fetal and maternal health problems.
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BeEhZ HIERER 4 o

R » R REER » B BB Z BR
WHER » B S ERRRVEBSERATR » M
HERREE o 2001 F£—FEEES T IR B2
WHIRFFEIE H o 1E18 % 28 JERFAYAT M BRIERS IR A B
FARBERIEL ) o —LEHE DAL MBRIERS IR R
160 ng/mL Y7L » FF 4R E MAYEZ R LN
EREBRIRN » FBHFEIERAF 43.8% » BIHAHL
BE 47% 0 IR BERFIIR Z ENE AT 36%5E0
EMHZ > BrHETRRNVERBL » EBRRZ
BIEER Y o MR KEZEFLERSZER
W 0 F5 DA PE SERR 18 B 5 1 Bl RIS 23% A9 ZEBR B
28O o Hiff THRERBHERUEERE (NA-
HSIT1993~1996 ) | HUAESREER » 19~44 55 Z28hiE
LM AEER RS » (B MRS 2 3~6ng/
mL BYBEEG G Z 2K 5% 0 ALMEREREZ /T 1%
(0 o RTTDHELZ IR AIHRE RIS » JI,
B ZFENEREE R » EBEE o

IR 226 20~ 28 RIYZERS B EIN W » W RE
BPEBHCIRREE » SR ANHKRE - FEE
HEE WS ARE RERE - BEAR » B
EEBF L RREE » IEESMRERIE (neural
tube defects, NTD ) o #HiKEFIERE KB ENHE
RERE RNERE — » B4 ZRm s B MER
B FERELBHAZZART D « EERE
R 2500 HEFMRERE » BELBEMHRE
g s R R HEE AREITLC () o P
R R IR » PR ABERGHERZ B & ER
BYIHIRIE » FTERMRERBNBERSTHZ
NI HE SRR ERERE » HERRER
RIFB AR » FrERMRERIEGNEEESTHE
— B o EEANE—THFERY  HRE—FB
BARERE  ERRERTEBAWEAE
R E R ERITRRS 2 B iZ Wik ERARIE ) o

THAR B B B = R A BOPT DATEBE 9 — 8 Sa R M
B FLERTHE - BRHRIBHBERRT CER
BERT AR ERIEHE LD EEEAE®
(1s16) o I FEEERE H OB 0.4 mg (400 pg) ZE
B > MTEZERERTIFINZIFGEE T MREHREHE
REyB A (D) o EEAILM AR (U.S. Public
Health Service ) 7F 1992 3@ 5582 R R =R Al 54
R ER R B A RNBREER » ERTERD
ERARLIETEZAEH R 0.4 mg BERE » HEf

AR S0% BB R IER R AT Y o« EMRZ
A REER MR E BAFEARE (0 - (ER BIEREM R T
EHE - FHRIEHARERERANER » MK
FPPIERIRE RSP ERRRORER &  fEH
Feie IR MR C TR - W DA {5 I 5% F) P B RE R
RE ™ BTERERHRENERRL

B T B 2205 9 SE R 8 2 K UL AE B R I
% ARRENFE GEREECRHEBREMEY
SA(CEWMERERHER  PRTREHZRRN
ZWEE BRI ZE I - WEERSE -’
BRMER AR » EREIERERFELERE
HRERNSEEREBRNNABL - DTHREZE
HIRBAER CERINT -
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— AR REBIRINE

FFERH ML E R EEARELRIBEBRE
MAEYEE LR EEEBBIEWEHEMSM
% BRBE/\+—E8/ » P& R R K&
FHEEPTZ ERNIFIR 2 - EREHO R 16 BHY)
PREEMBESR (MAFHE> 11 gm/dL) # 20~35 3
UG RIATREIR » £ 81 (i o MEREER » £5%
FTRBBREZVH (<18 #B) RIEZHBH
(19~3638) ~ EERRER 6 Bl » HE &
REHA 2 AR AL IMEREEBRIB AT » AT A R Ak
B FREBRERIRN

HIF9Re LA S HIBEEI I SR e E MR MK > L
ARG 0 DABE L 1000 rpm B 8~10 538 » 55
B R YEVEAOIMAE o A0 TS AUALIIE o 4% M4E RAL M
Bk SR ERE L E RER-10°CI BREEE » PEIE
TETR I B H PR BE o DASMAE P 1k I 8 I AR
B > T DM BB R H S M BRER R o

—~ BRISE
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28 Lin & (1999) Ak ' » (SRR RE
Lactobacillus casei ( L. casei ) $£f&Z Bacto-Lactoba-
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PR R AR 18 /N » B 1 mL $E 3 -
B LG _E¥ETEIFE » B0 1mL 0.9% NaCliEi 7
SRER  BEED » WERNRIIERIBE 252
BEFVER » HBINA 1mL0.9% NaCl AR5
[ » RIS ERECRRRE B A 96-well plate < |
TE o AWFFRHRF 96 IR » RRRIM AR SHE L
BEER SRR VS IR RIS » ERE N AR EE 150 ul ~
FR1EVR 40 pL ~ ZEFIEERE B MARFH R 100 uL &
L. casei B HEE 10 uL o 96 BB E R 37°C
B2 24 /NS 0 ] OD 630 nm IR EfE » B RAEIS
EFERE AR > RIGMEEREE o

(=) fes stk

ALMRERAERBZEEH S o E (In-
mulite H 2405, Diagnostic Products Corporation, Los
Angeles, USA ) » DI HREERFEER&WE
FERESHT o MBI LEERESED

( folate binding protein, FBP ) EE#k$iEE » |, FBP %}
EREFH R SEE o E7 alkaline phospha-
tase FEERAVEERSSEIY) ( lignand-labeled folate ana-
logue ) - ErEARFEIRS PRYZERL B AHRRF FBP BUfE
GIE o FEERIE 30 538858 » iAW KBIZE ad-
amantyl dioxetane f + ZZERSME LY LIEZRAY alka-
line phosphatase 7} fZ MR LE F » BHEGEHREE
BFEECBINEE - RIREE RS 2R
B o
=~ ENRERST

Hat o TR SAS R FGET BRSO T o MEE K
ALMBREERR AL LA 25 fE+iE e % (Mean+SD ) 3R
o o EATEIBZI ~ BB - A ERNRER 6
BHERBEECNEZRYE  NERFSEEREY
4317 (One-Way MANOVA ) » Duncan's multiple com-
parison ETHEE © At » ARFRELURMEEEF ( linear
regression ) TS FTHUMEE » LA Pearson's cor-
relation FEITHHBAME ST o Bp < 0.05 8 » RBEH
et ERER o

wm R

—> ZERER 6 B MTRALMIRE
BRE

MAFIERIE R 5 5250 HERBBBUR AT 2 »
B RELH R B ERBIUAT | AL MEREE RS
BERFIERBEE  TRRENER ZEBRRM
() o ABFF R FT 15 1 SR BEBL VR 1 SR AT M BRBERR 8
EEEZEEMER (r=0.3018 » p<0.0001) » BE R
AR EERIR S & A 220 » HALIMBRER BB IR E 8L
BRI o

81 (IR ERELRER 6 BRI KA
MERER B E R ET R E— » MAEREE - =
I~ BRI R A ERRE  ER 6 BrvMag
EMBEEERPZRER (p<0.05) ° ALMIKAZF
HERBE » QIR NBZHAREREIARE - AL
MEREFR IR REE Z I A LA - B2 6 38
FAL IMERERIB R SR ZER (p<0.05) o

HEZEHARAHEERANERIEE RS
LR » BiFEBEAG A ERNIMAERE
& s MR ERK A EEK 1.0 ng/mL » JRENTTFRERY
7.1~8.7% o MEER/SEIFIY M EREE » S
Zagl] B R B 2 B 1538 b0 2.1~3.2 ng/mL » 7REN
EAT 16.5~27.6% o BERFPIFIEER MTERZE
ERILE RSB o ALIMEREREE L > B
B - SERUKRER/E - §2EInm
g o LEHRERNENAIMRERRE R
EA¥EHN 327 ng/mL » JRENZFHY L 68.4% » FIRERE A
FIFEEREMKENEIE  FRPRATHERNE
R BN

"~ BENRER 6 BRUEREEIRR

BFMbZ IR ZERR B B AR » 43 5 DA A% Fe AL
MERIERL IR VR YIRE » ANSR S (kiR 1987 & Herbert
5 1961 4 Waters and Mollin fy 2 2 091EHE o DIIMER
EEREE /N 3 ng/mL (6.75 nmol/L ) EERERE
Bz > ) 3~6 ng/mL (6.75~13.5 nmol/L. ) B ¥
BEELZ ~ K 6ng/mL (13.5 nmol/L) BEH o [6
B > ALIUBRIERRIR /NG 160 ng/ml 2 285 ZEMA ik
Z 1 2 160~200 ng/mL B HERHLZ ~ A7 200 ng/
mL FIEHE 0 » FEREZ EEERZ RSB E
EMTE o B EEERPIE2E I RER 6 BiFE
TZERERIRND » BRIIPR=KERM o

&AM ERL IR B RS EIR » Attt
BEFVHNEL BERRZNER (R2) - H
A 13.6% I MARFEMR PR ZEE > TERBHR - H
EEZRIEE 10%NEFEERZ - 21%EH B
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Table 1. Plasma and red blood cell folate levels in early, late, at delivery, and postpartum stages of pregnant women' 2

B ZEH MARZERR R R ALIBREERR R
n=_81 ng/mL ng/mL
B2 (<1658) 12.7+ 5.9 478 + 255¢
EZteHl (19~3638) 11.6 +8.2° 558 +311°
EEH 11.8+7.20 677 + 358°
ERNE 148+ 7.5 805 + 2672

VR RERE -

24 one- way MANOVA AT AR E M EBURE R 2 M 5 & —Flef TRLFAXFS  ATLARFHUER (p<005) -

R RIRARBEI ~ AR KRNI f e b o FRE BB Y B

Table 2. Changes of the plasma and red blood cell folate levels during early, late, at delivery, and postpartum stages of pregnant

women
AR BERG VB R OB L AL M BR EERL VR AT iR L
Mean ( ng/mL ) % Mean ( ng/mL ) %
B2 vs B! - 1.1 -8.7 80 16.7
B vs [EZRYIHE 2 -0.9 -7.1 199 41.6
FER N vs BRI 2.1 16.5 327 68.4
BB vs [BZefh A 3.2 27.6 247 443
BERAE vs EERS ' 3.0 25.4 128 18.9

VREEA vs RBAMERREGRA Y% = (BB ERRE - M NERREL) /MR TR -
PEER vs WBMMERIRAGRI %= (LEAMERRE MR MERRE ) / WRENERRE -
SERNA vs WREMMERREGRY% = (ERNAETRBE -2 MERRE ) /MBI ERRE -
CEBAE vs MBEMEBBAN R %= (ERABERRE —WPRMELRE) / MBRINERRE -
SEBNE v A EMERRAARM Y= (BAAERRE S BMERRL) EEMERBE -

A= RIFWEBE o HE - AENRAERSAZ hEERSEKR

Table 3. The folate status of pregnant women during early, late, at delivery, and postpartum stages evaluated by plasma folate

levels

M HEFERL & B AR
BEm Bz iliot7ed EH
(<3 ng/mL ) (3~6ng/mlL ) (>6 ng/mL )
n= 81 3% ( A8)
I (<16 38 ) 0(0) 13.6 (11) 86.4 (70)
Bz (19~3638) 9.9 (8) 21.0 (17) 69.1 (56)
A ER 74 (6) 222 (18) 70.4 (57)
ERRHE 1.2 (1) 9.9 (8) 88.9 (72)

" RERA <3.0ng/mL RABEEBGHZ e REBRK I~OongmL LRABBHL e FIRIREA>6.0ngmL ELEEF o

BRRZARE » TR =02 —WRBRERER
TR AERDERE=E0—EBAE o T &
BRANBNERNREFERDS T » BT KNS PHE
EREREBANEUASHRE - BURAKRBARE
TR VT RIAL I BRZERL I A AR N ZE R BT
WRTFrR » REGIEIRIE 3. T%RIERRZ » 7.4%

R Z - TN ZIEERFVHENE %GR
B o EIRERIEAEER - (5 6~T%2HH
NEMTNRZE » ERER o« Tl > B 68 &
FRETALMRER R Z AR FEHERZEERE » K
ER 6B mIBENEREERILRLE o
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Table 4. The folate status of pregnant women during early, late, at delivery, and postpartum stages evaluated by red blood

cell folate levels

. ALIMERZERL 25 F IR !
%ﬁ%@ Rz B Z EE
(<160 ng/mL ) ( 160~200 ng/mL ) (>200 ng/mL )
A% (A8
Bz (<1638) 3.7(3) 74 (6) 88.9 (72)
E%E (19~3638) 12 (1) 49 (4) 93.8 (76)
A EERE 62 (5) 12 (1) 92.6 (75)
FER/NHE 0(0) 0(0) 100 (81)

Verfe R EERRE <160 ng/mL R R A ¥EHIZ ;5 o RFEBIEE 160~200 ng/mL 2 K AHFES L ; b IREREE> 200 ng/mlL

EEBEF -

= BESIESREREEINR &

BN ZRBEYVHNER SRR » TR
BRI ~ AERURERERSERN » 1§
1B 2 HA 2 & I A% BT I BREERR IR RS Ik U 45 i1 53>
B(RA) o BRER  ZEH M MERIER
BE  BEEIHERE  ARERSERNKE
B fE Bzt B A4 E R M S MR ER B E
B o TRENEZ2 ] HARY M AR BERR B BE 55 Bl SR 2 £
HI (r=03459, p=0.0016) ~ YU REER (r=
0.2263,p=0.0422 ) Wy A¥EERGIE & 2 R IEFRRA o
BERYANAMKEREELHREZEBH (r=
0.4068, p = 0.0002) ~ PIR4ER (r=03507,p=
0.0013) > EFEZIEMHR - ERBEVIIARIEETE
BERRNNEE » W ER BRI REERY
ERSERN > HRRRBRENRE s TRER %
ZEIR L ENNER SRR +0EE o

TN FEEE H RS BB R SRR AL M Bk 2E
TRIRE » BEFRESERE ) AmMBRERERE KB
400 ng/mL ZBEZIFL » BTk 5 4 MR B BRIEH
fERtE TR 27 o /WL » FRADLMBRERIEE K
12 400 ng/mL {EREMRZBINNARL » BRIBEZRE
THENEREERNEDEERERALERETN
YIES o FERBERALIMEREERIRE E S 400 ng/mL #
bezE s FRBEZEYIHRAE 58.0% » % HT 60.5% ~
EERR 71.6% ~ ER 6 BFIKEZE 91.4% o R
Bt ERRE L BN ERSZ RN A RN
98 DHBREZH > ERZREEEEEERY
T ©

E

ST LA & b R HR R B Br AR 2 B Y 2 1
FieZmae BN KB FEARERHHEERIEE
EREEARTL » 5 R » Zim AL IMEREERR B A L
BRI R ABRIE - BB 2 E 2 LA a0 8
2 MREN B IERIRI » HREANEREEE W
Moo AT MRERBEEEZBIAREERK
B > B W RE S B 2o 1A B A 7 RN Bt IR pR B 38
IO E R TEE o 22 - MRERRERIE > 7
FHRAR » BREREARERBERNEE » &
MR E PR E EA o MIMAERREE T [
20 o B IR KE T R S E RS B AR SR Y FR 0
VU EERE R EES ( methylene tetrahydrofolate reducta-
se, MTHFR ) S HF] ) » (BEEF £ HoeiE iR
BT E Y A R R TR R E R A
> fIIN > SHBAEEIEER (4000 pg) - 7R
1K 70% 2 B AR AE BRIE () o BHIFREE 800 g
ERMcEEHER » Wl FRIBEY KRB
EEBRIERME OO o ZEETERELBURRE
REE 19%MiRERIER B EE OV o BHREER
HER B OE R N IR 2 B AR DU 2R TH A R S M AR A ik
f& > RIERERNERRE o THRESE CHERRY
FEEIEI » Bt AER T RERFEIE B MU
ZIEEMWEER T 8RB IIEER
RALMBREERR IR T 2 o

ERBEZYIANERRZE > AR MRERR
REIGH » $MARERRE & JERZIET - (E210
RKIE 14%Z G R RER B Z HIARRE o 10 UKL M Ek
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Table 5. Plasma and RBC average folate concentration during late pregnancy, at delivery and postpartum of pregnant women

grouped by quartile of the folate levels in early pregnancy’

BREYHMRZERRE (ng/mL )

<8.5 8.5~12.2 12.2~15.9 >15.9 p trend
(n=20) (n=22) (n=19) (n=20)
IMARZER (ng/mL )
EBBH 8.6+5.0 9.4+6.8 13.4+09.1 155+7.3 0.0022
AR 9.4+6.5 113+6.4 13.1+ 8.4 13.6+7.0 0.0459
E%SE 140+ 7.6 17.8+8.6 12.6£5.7 145+6.9 0.5951
B2 MARERG B (ng/mL )
<270 270~435 435~640 > 640 ptrend
(n=20) (n=21) (n=20) (n=20)
FLIMMBREERE (ng/mL )
EZ e A 480 + 300 469 +274 559 + 256 730 +375 0.0062
AR 592 + 353 657 + 335 689 = 381 874 + 311 0.0271
ERE 817 +252 774 + 267 707 +292 923 + 224 0.3343
L s ARG £

23242 1 B 5% (linear regression ) iEATFAEE A o

EN RIFRFM - B AEHRERSHE

8 4 o SR I B IR JE 57 400 ng/ml &y phE

Table 6. The percentage of pregnant women with red blood cell folate lower than 400 ng/mlL during early, late, at delivery,

and postpartum stages of pregnancy

B AL M ERBERL 28 E AR
n =238l < 400 ng/mL > 400 ng/mL
3% (AE)
BZYIH (<1658) 42.0 (34) 58.0 (47)
Bz EA (19~36 38 ) 39.5 (32) 60.5 (49)
EREH 284 (23) 71.6 (58)
EHRNE 8.6 (7) 91.4 (74)
REREAERRIIEERE > BIF 3.7%ZERRZ » 7T4%ZE EHWSERET R EEENSEEY S E S

BT » ETRARFEENZE » BB E
DRI 12~ 14%ERER T R AEY » EEIEE -
TR TE 1 2 1 6 A RS A BE TR 5 3 R0 » I A
B E 31% T2 » ALIMBREEM IS 7% R
BERTENRE - BREENECERETE
KA AEMBIE > THEAREIERHNEE
%o
BRI 4BE EHNERE
BY o SRR S MR S HI B B A EEE © 1993 & 1995
EFERB AR L ~ WD RIT B AT — A AH

75 400 pg TERE » HIIHTA: 5B A MR S IR AR ES >

FIALE TR 80% 5 WAL RILERE T G 40% ) o f&
AL LT ATAT - BRI E EEMEN
BRSEETH - Jo B MBI EUA IS IR IR IR 2 =2 FE
HEEN > EORERENEANERSETEL
HERARBRENT  EREISCREREHET
IOLARETE » RUBR R ATRE G R EIRE o IR B
1 B2 2 M UGB e h B IR FERRRE
EIRZFPIH S B BB R DR A E R AR EN
B - BT REONREEREIIEEREENR



- 14 - B ERE MER

NERE » FEREZBERRIEREER > EREE
ERPBERT o A » 2R ZENERESE
ARYL s BIFRABBEHEE » THRR

X > @E WL R E BE R R AL
BREEFEE - BRI R K » MALMIKERLR R
B KR 400 ng/mL Z1REEL » 4 REEMRE
BRIEHEE T R ) o BERARZEFENF AL
IREEMIR Y F 1S 400 ng/ml » {HIEZFEAR T
fE7R R 478 +255 ng/mL » &3z 42%HYZ2EHAL MLk
BERKF 400 ng/mL » 7E 8204 B g8 4 EE R0 43 B1)
KI5 40%F0 28% (B ILE - FERMEPIREMRE &
BENEERERTINEE » RLEBERTKESR
P AR AR BERR 7T DA R0 R B L 8 A AR (151729900 o
ERMNRRERERCN » Bl FMEEZERE
55 > MILAE IR » FTE Zim L AT E
W HNSEEERR AU HERY o

el B M 52 Y B SR IR » DAEETR
6 JERY M AFZEEL IR B EHAT PR EMIR B TR ©
HERPIRAEERE 10%MRER RN ENER » 1
fEInGE > TEATIMERIERR & R » B 200 ng/
mL » DL ERERERER 6 BRI EREIUR T K
BEERNEBNE - BNTHZ RN RIEER 6 8
HUZERL 2 B AR DU R B R o] SRR » B B UE
BANENRIEBE RS RZNE » KFENEILH
BERANEZ 20~35 BRI > DEREBE B HER
SE{LIEHEER T 20~ 39 Bk R 220 20 WY I 42 SEAT I BREE
BE¥EE (12.3 ng/mL and 264 ng/mL ) ©*) o #EHITT
REHPHHEREX L REBRRE » B 6 BHEE
EBRANSEFEG  fEERLATFHHRER
RESERNIFREABEERY » PER 6 BAE
HEXBEREBERN KBANEREERN &7
R HIE o

RIREERE -+ AEN S LR ERF
AUZERR & B IR » BRI E 14%IN 5 3R
TR » PR UWSALIMBKIER T2 » SR B EIVE
- BEBEREDESEER o RS BT HER
Bl 2R S BRI GRS - BSZEER
RIFERRP AR — KB » MERRINERLZ
NEREEARN » BEFREZEE - AMEITEA
ZIFHER SR E R EMEBEER TS » SULE
HREFHEEN - MERATVRNAELEEERE
Ry - BRI 2R RS R » (EE—
FERE o BRI AR AR IFEITE ARG » U

TEREEBEEARELEBORNESE -

=44

ARAERFRTEREEEBM A ARRETE
(DOHB84-TD-077 ) #&E#HE) - M EAHSHAE R
E - URERR/MIZEZARLERRERS
#r o
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The Folate Status of Pre-natal Follow up Pregnant Women
at Hospital in Taipei
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