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The protective role of folic acid taken during thericonceptual period in reducing the occurrencaeafral
tube defects (NTD) has been well documented byegpiological evidence, randomized controlled triatel
intervention studies. Much of the evidence is \dstifrom western populations while similar dataAsian
subjects is relatively nascent. Baseline data aatd status of Malaysian women is lacking, whil&@N
prevalence is estimated as 10 per 10,000 birthgs Study was conducted with the objective of deteing the
dietary and blood folate status of Malaysian worogahildbearing age. A total of 399 women commgsL40
Malay, 131 Chinese and 128 Indian subjects weraiitedr from universities and worksites in the sulsuob
Kuala Lumpur. Inclusion criteria were that the jsgbs were not pregnant or breastfeeding, not tpkatic
acid supplements, not habitual drinkers or smokdBased on a 24-hour recall, the median intakel lgore
folate was 20244g (59.4-491.819), which amounts to 50.6% of the Malaysian RecondedrNutrient Intakes
level. The median (5-85percentiles) values for plasma and red cell fo{®BC) concentrations were 11
(4-33) nmol/L and 633 (303-1209) nmol/L respectjvel Overall, nearly 15.1% showed plasma folate
deficiency (< 6.8 nmol/L), with Indian subjects Iray the highest prevalence (21.5%). Overall preved of
RBC folate deficiency (< 363 nmol/L) was 9.3%, andaémost similar level prevailed for each ethnic grou
Only 15.2% had RBC concentration exceeding 906 nmalHlich is associated with a very low risk of NTD.
The result of this study point to the need foriméstion strategies to improve the blood folatéustaf women
of childbearing age, so that they have adequategtion against the occurrence of NTD at birth.
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Introduction
Folic acid or pteroylglutamic acid was synthesimed 945 closes by approximately the 2&lay of gestation, and so
at the Lederle Laboratories in United Sates two ya#ies any potential exposures suspected to have causddBn
pteroyl-triglutamate was isolated in the same latwy! would have to have occurred within the first momth
While folic acid is in the form of a monoglutamatapst gestation. Since the 1980s, definitive evidenoenfran-
naturally occurring folates including those in foade a domized controlled trials and intervention studiesve
mixture of mono- and polyglutamates. Good foodrsesi demonstrated that folic acid taken during the pergeptual
of folate include legumes, green leafy vegetalppesnuts period substantially reduces the risk of neuraktdbfects
and broccoli. It is recognized that the bioavaiigbof (NTD) at birth?
food folate is less than that of folic acid whemsomed as In the latter study in United Kingdom, 1817m&n who
part of a mixed diet. had a history of NTD pregnhancy, consumed 4 mg fadticl
Folate functions as a co-enzyme in severath@mical daily during the periconceptual period resulting awer
reactions and is essential for growth and repradiuct 70% reduction in the recurrence of NTDs. In Chican-
Deficiency of folate leads to inability to synthmsithy- sumption of 40Qug of folic acid daily reduced the risk of
midine, resulting in decreased DNA synthesis amliced NTD-affected pregnancy by 79% in Hebei provincegereh
production of rapidly dividing cells such as eryitytes. A the incidence of NTD was high at 50-60 per 10,000.
serious consequence of severe folate deficiendyraak-

neural tube defects (NTD8). NTDs are a group of birth \tition and Health Sciences, Faculty of Medicimed Health
defects presumed to have a common origin in faitdrtie  SciencesUniversiti Putra Malaysia, 43400 Serdang, Malaysia
neural tube to develop properly during the embryathge. Tel: 603-89468487; Fax: 603-89455075

Spina bifida is a form of NTD that has a defectesure E-mail: khorgl@medic.upm.edu.my
of the bony encasement of the spinal cord. Theahéue #\ccePted 20th September 2005
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In the latter study in United Kingdom, 1817 men

Blood collection and preparation for determination of

who had a history of NTD pregnancy, consumed 4 mdolate and ferritin concentrations

folic acid daily during the periconceptual periasulting
in over 70% reduction in the recurrence of NTD:
China, consumption of 400g of folic acid daily reduced
the risk of NTD-affected pregnancy by 79% in Hebei
province, where the incidence of NTD was high atb0-
per 10,000.

There are ethnic differences in risk for NTDis. the

United States, NTD prevalence is highest among His3.

panics followed in descending order by non-Hispsnic
whites, African-Americans and Asiafis.A study in Ca-
nada involving five ethnic groups, women of Firsa-N
tions origin were at markedly increased risk of Ndd@m-
pared with white as the referéntDifferences in ethnic
rates may be due to genetic susceptibility to NTddes, or
other factors.

Data on folate intake and blood folate statuslalay-
sian women are lacking. Prevalence of NTD is satmgke
to be approximately 10 per 10,000 according to halsp
based data on the prevalence of congenital malfivma
diagnosed in the first week of bifthin light of important
public health implications arising from folate deéincy,
this study was conducted to assess folate intaétdkmod
folate status of Malaysian women of childbearing.ag

Subjectsand Methods
This study is part of a multi-centre research piofbat
included Indonesia. A common protocol was follovesd
far as feasible. In Malaysia, the three main etlynoups
namely, Malay, Chinese and Indians were includeéryi
their distinctive dietary and lifestyle practiceghe inclu-
sion criteria were:

- aged 18-40 years

- not pregnant or breastfeeding

- not taking folate supplements regularly

- not consuming alcohol habitually

- not a habitual smoker

- without a history of diabetes, hypertension,

liver, heart or gastrointestinal problems
The study was undertaken in Jan-March, 2005 afte+ et
cal approval was obtained from the Ethics Committee
the Faculty of Medicine and Health Sciences, Ursiier
Putra Malaysia in Dec, 2004. As in the case obhwsia,
owing to the absence of local data on folate deficy,
this study also used the estimation of folate dkficy

among women aged 35-64 years in Shanghai, China.

Applying 95% confidence level, expected range pro
portion of 10% and 19% allowance for incompleteadat
the minimum sample size computed for each ethraamr
was 125 women. Recruitment was carried out in uni
versities and other work sites located in the Sobuof
Kuala Lumpur. Brochures about the study were idistr
buted in purposively chosen locations. Interegiadi-
cipants were first screened to ensure that thdjiddl the
inclusion criteria. For those who qualified, thesxere
given a two-page information sheet about the stutfy.
they agreed to participate, they were asked to sigan-
sent form, which included their email or telephapatact
for their blood result to be sent to them. A tafl0 ml
blood (non-fasting) was taken from each subjectaby
doctor or qualified laboratory technologist.

1. From each subject, 10 ml of blood was drawn, out of

which 3 ml was placed into a 3ml EDTA vacutainer

tube, while the remaining 7ml was placed into a

plain 10ml vacutainer tube

The EDTA sample was mixed well, following which

full blood count was undertaken immediately and

the hematocrit value noted.

The plain sample was centrifuged at 3,000 rpm for

10 minutes to separate the serum.

The serum was then added into two 2ml plastic

tubes with lid as follows:

a. Tube 1: 0.5-1.0 ml serum was transferred for
serum ferritin

b. Tube 2: 1.0 ml serum was transferred for serum
folate. Ascorbic acid was added immediately at
a concentration of 5 mg/ml of serum. Lid was
closed and the content mixed well.

Tube 3: 1.9 ml of freshly prepared 1% aqueous

solution of ascorbic acid was added followed by 0.1

ml of the well-mixed whole blood from the EDTA

sample. Lid was closed and mixed well.

2.

4,

All three tubes were immediately stored at minus’@0
until air freighted to New Zealand. The frozen blood
samples were air freighted to the University of dotan
Dunedin, New Zealand for the determinations of blood
folate (plasma and red cell) and iron (ferritin dmma-
tocrit). The microtiter technique as described BBroin
and Kellecheéf with chloramphenicol resistant Lacto-
bacillus casei as the test microorganism was usddter-
mine whole-blood and plasma folate concentratioAs-
moglobin concentrations were determined in Unitersi
Putra Malaysia.

Body weight of the women was taken using atalig
weighing scale (SECA Alpha Model 770, Germany).
Height was measured by means of the body meter (SECA
Model 208, Germany). Body mass index was computed
and categorized according to WHDAIl subjects were
interviewed for demographic and socio-economic back
ground. Dietary intake was assessed by the use2df
hour dietary recall. The interview was conductedhby
tritionists or trained enumerators. Dietary datsvana-
lyzed using the program Nutritionist Pro, versiorb 2
(First Databank, California,USA).

Descriptive and statistical analyses were quaréd
sing the Statistical Package for Social Scien&SE)
version 11.0 (SPSS Inc, Chicago, U.S.A)). Mediad a
5".95" percentile values are included for variables that
did not have a normal distribution.

u

Results

Demographic and socio-economic background

A total of 399 women comprising 140 Malay, 131 Chi-
nese and 128 Indians who fulfilled the inclusioitetia
gave consent to participate in the study. The aredge

of the subjects was 23 years with 82.2% in the @8-3
years age category (Table 1). Majority of them were
single (75.7%). The married women had a median-num
ber of 2 children. Education attainment was quitghh
(16 years), owing to a high proportion of thebjects,
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Table1. Demographic and socio-economic description ofesiib.

Malay Chinese Indian Total
(N=135) (N=130) (N=124) (N = 389}
N (%)
Age (years)
18-30 107 (79.3) 121 (93.1) 91 (74) 319 (82.2)
31-40 28 (20.7) 9(6.9) 33 (26.0) 70 (17.8)
Median (years) 25 22 24 23
5-98" percentiles (years) 20-38 20-33 20-39 20-38
Marital status
Single 83 (61.9) 124 (96.1) 86 (69.4) 293(75.7)
Married 48 (35.8) 5 (3.9) 36 (29.0) 89 (23.0)
Divorced/widowed 3(2.2) - 2(1.6) 5(.3)
Number of children
N 51 5 38 94
Median 2 2 3 2
5-98" percentiles 0-4 2-3 0-7 0.6
Education
< 6yrs (primary) 3(2.2) - 7(5.7) 10 (2.6)
7-11 yrs (secondary) 35 (25.9) 3(2.3) 24 9 (9.5) 62 (16.0)
Form 6/matriculation 23 (17.0) 15 (11.6) 14 (11.4) 52 (13.4)
College/University 74 (54.8) 111 (86.0) 78 (63.4) 263 (68.0)
Median (yrs) 16 16 16 16
5-98" percentiles (yrs) 11-16 13-16 7-16 11-16
Occupation
Working 77 (58.8) 12 (9.4) 37 (30.6) 126 (33.2)
Students 50 (38.2) 116 (90.6) 75 (62.0) 241 (63.4)
Housewives 4 (3.1) - 9(7.4) 13 (3.4)
Monthly income
N 77 12 N=37 N=126
Median (RM) 1500 1680 900 1400
5-95" percentiles (RM) 600-3,900 200-4,000 465-3,730 420-4,000

! 399 subjects gave blood samples but only 389 ipmestires were obtained; the number for some questdded up to slightly less than
389 due to incomplete information.

(60.3%) being university students. The working wome poorly in achieving 35.9% or 52%, depending upas di
were employed in a variety of positions includirigrks  tary iron bioavailability, of the RNI. Other nugrits with
bank executives, factory operators, laboratory ieeh median intake levels below 50% of their respecRiMs
logists and nurses. Their median monthly income wasvere calcium, vitamin C, anditamin By,. Overall, the
RM1, 400 with a wide range from RM420 to RM4,000 energy and nutrient consumption of the subjects was
(5-95" percentile). unsatisfactory.

Nutritional status
Overall, the mean body mass index (BMI) was witthie

Table2. Body mass index of subjects

normal range (22#84.5 kg/nf) (Table 2). The Malay Malay — Chinese — Indian Total
subjects had a significantly lower height and healibdy (N=135) (N=128) (N=115) (N=368)
weight than the Chinese and Indians. Hence, thayda : Mean+ SD
had on average a significantly higher BMI than ¢ieer ~ Weight(kg) ~ 58.6%  53.9+ 5572  56.16+
ethnic groups. With a mean BMI that verges onktbe Hei 12.4 10.0 11.2 11.4
. . eight (cm) 156+ 159+ 159+ 158+
der of overweight (24#4.7 kg/nf), the Malay subjects 51 5.5 6.5 58
showed the highest prevalence of overweight andigoe g (kg/m?) 24 1+ 212 2234+ 22 6+
(20.0% and 12.6% respectively). In contrast,Ghinese 4.7 +3.8 4.8 45
group had a relatively higher proportion of unddghié N (%)
(22.7%), and less overweight (4.7%) and obese sishje Underweight 10 29 24 63
(3.9%). The Indian subjects had as high a precalei <185 (7.4) (227)  (22.5) (17.1)
underweight (22.5%) as the Chinese, and also velsti N(kg/m?)'

. . - . ormal: 81 88 63 232
high proportpns of overweight and obesity (14.68@ a 18.5-24.9 (60.0) (22.7) (53.9) (63.1)
9.0% respectively). (kg/nf)

Overweight 27 6 7 40
Energy and nutrient intake 25.0-29.9 (2000 @47 (14.6) (10.9)
The mean intake levels for energy and nutrientshef t (kg/n)
subjects were below the Malaysian recommended éntak O>b§§% (11276) (359) (;%) (g?é)
levels (RNI}? (Table 3a). The median folate intake of (kg/n?) ' ' ' '

202'419, (69.4-491.89) amou'nted. to only _50'6% of the ANOVA post hoc test (Duncan) median values withghme
Malaysian RNI level. Median intake of irosalfared  gyperscript are not significantly different0.05 level.
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The Chinese subjects had on average the Idexsss

Among the supplement users, 41.9% were Chinese,

of consumption of energy and several nutrients @abl37.8% Malay and 20.3% Indian. Vitamins were popula

3b). Their intake of energy, protein, iron andamiin A
were significantly lower than those of the Malaysda
Indians. This could explain in part the comparativel
higher prevalence of underweight among the Chindse.
is also likely that the women in this study miglavha
under-reported their consumption levels.

Use of dietary supplements

Although the subjectdid not take folic acid supplement
by itself, a perceptible proportion of them (18.6%6}
ported taking dietary supplements regularly.

Table 3a. Energy and nutrient intake of subjedts=883)*

supplements being taken by nearly half of the users
(Table 4). Vitamin C by itself or combined with riul
vitamins were taken by 25.7%, while 10.8% consumed
multivitamins only. Vitamin B complex by itself avith
other supplements was taken by another 9.5% of the
users. Evening primrose oil and spirulina wer® gis-
pular, taken on their own or in combination wittawnins,
minerals and other non-nutrients. Overall, a widgety

of supplements were consumed and some subjects re-
ported taking multiple types of supplements on guler
basis.

Intake Median
(5-95" percentiles)

RNI Malaysia ** % RNI Median
(9-95" percentiles)

Energy (kcals) 1325.0 (711-2453) 2000 66.3 (35.5-122.7)
Protein (g) 55.0 (21-100) 55 100.0 (38.2-181.8)
Fat (9) 45.0 (10-94) 400 50.6 (14.9-123)
Folate (DFE) 202.4 (59.4-491.8) 29 (10% bioavailability) 35.9 (14-131.7)
Iron (mg) 10.4 (4.2-38.2) 20 (15% bioavailability) 52.0 (21-191)
Calcium (mg) 291.0 (88-939) 800 36.4 (11.0-117.4)
Vit A (RE)° 591.0 (120-2087) 500 118.0 (24-417)
Thiamin (mg) 0.6 (0.2-1.5) 11 54.5 (18.2-136.4)
Riboflavin (mg) 0.9 (0.3-2.6) 11 81.1(27.3-236.4)
Niacin equiv (mg) 8.0 (2.5-19.3) 14 57.1(17.9-137.9)
Vit B (MQ) 1.0 (0.4-2.6) 1.3 76.9 (30.8-200.0)
Vit C (mg) 28.9 (2.9-187.4) 70 41.3 (4.1-267.7)
Vit By, (MQ) 2.0 (0.2-14.4) 2. 83.3 (8.3-600)
Dietary fiber (g) 8.1(2.3-17.5) 20-30 -

* number of completed questionnaires; ** Recommehlatrient Intakes for Malaysia for ages 30-50 gEaF RE = Retinol equivalent;

¢ based on the US dietary Reference Intakes (DRIMJF

Table 3b. Energy and nutrient intake by ethnicity (Mea®Bb)

Malay Chinese Indian Total

(N=138) (N=126) (N=119) (N=383)
Energy (kcals) 1443 +525' 1251 +421° 1505 +563' 1402 +518
Protein (g) 56.8 +24.6' 50.0 +20.6 57.4+27.4 54.8 +24.5
Fat (g) 46.2 +22.4 41.6 +33.6 46.3 +26.8 45.0 +28.0
Folate (DFE) 227.9 +160.6 219.2 +135.F 196.3 +92.5 227.2+142.6
Calcium (mg) 372 +265' 338 +283 453 +402 386 +322
Iron (mg) 15.8 +11.0% 11.3+8.2 16.0 +11.4 14.4 +10.6
Vit A (RE) 1021 +1396' 614 +553 860 +625" 838 +970
Vit C (mg) 60.3 +73.5 52.7 +61.7 55.7 +59.6' 56.4 +65.4
Thiamin (mg) 0.7+0.3 0.6 +0.4 0.9+0.6’ 0.7+05
Riboflavin (mg) 1.0 +0.6" 1.1+0.7% 1.3+1.1° 1.1+0.8
Niacin equiv (mg) 9.2 +4.5 8.1+5.0° 9.7+6.3 9.0+5.3
Vit Bg (Mg) 1.4 +1.0° 1.1+0.6 0.9 +0.5 1.2+0.7
Vit By, (ug) 8.2+26.9 15.5.+95.4 7.1452.8 10.2.+64.2
Dietary fiber (g) 7.9+4.4 8.2+5.1° 8.3+5.0° 8.1+4.8

ANOVA post hoc test (Duncan): mean values withghme superscript are not significantly differerffat0.05 level
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Table 4. Types of dietary supplements consur
according to ethnicity.

Thus, on average, the blood folate status of theayal
subjects was the lowest among the ethnic groupss |
more appropriate to make comparisons using RBQGefola

Dietary Malay ~ Chinese Indian  Total  than plasma folate concentrations, because ther Rait-
supplements (N=28) (N=31) (N=15 (N=74) y,5tes according to recent intake and thus doeseflett
Vitamin C only 4 9 1 1184 gy body stores. In contrast, RBC folate concentratice:
Vitami (18.9) flect tissue content of folate throughout the bodyd a
itamin C + 2 3 0 5 . . . -
multivitamins (6.8) low level is explicit evidence of folate deficiendp
Multivitamins 4 2 2 8 consequence of a reduced supply of folate occunirey
only (10.8)  several months). In this respect, the mean RB@tdol
Vitamin B 0 5 2 7 concentration of Malaysian women (678382.4 nmo/L)
complex only (95 was about 200 nmol/L lower than that of the Indoaesi

or with other
vitamins/mineral
Evening primrose 9 4 2 15

study counterparts (876:219.4 nmol/ L)** Nonetheless,
the median folate intake for the Indonesian subjext

oil only or with (20.3) 131.5 (36.9-316.1)ug/day is lower than that of the
other dietary Malaysian subjects ap02.4 (59.4-491.8) ug/day. In
supplements Indonesia, wheat flour is fortified with folic acidt 2
Spirulina only or 7 1 4 12 mg/kg and flour is a constituent of many commonly
with other dietary (16-2)  consumed food items including noodles, local cakes
supplements . . .
Other§ 2 7 4 13 snacks. It is plausible that the folate intakeelsvof
(17.6)  Malaysians may have been over estimated. In tefms
Total 28 31 15 74 folate deficiency, 15.1% of the Malaysian subjects
N (%) (37.8) (41.9) (20.3) (100)  showed plasma folate deficiency (<6.8 nmol/L), with

2includes vitamins, minerals, fish iincludes vitamins, cod liver oil

Indian subjects having the highest prevalence {21.5

‘includes wheat grass, garlic, lecithin,slimmingltag zhi (ganoderma) The overall prevalence of RBC folate deficiency (336

Blood folate status

nmol/L) was 9.3%, and a similar level prevailed acle
of the ethnic groups. In contrast, none in theotrabian

The median (5-9% percentiles) values for plasma folate study showed plasma folate or RBC folate deficigficy

and red blood cell (RBC) folate of the subjects evii

Table 5 also shows that only 15.2% of the subjeats h

(4-33) nmol/L and 633 (303-1209) nmol/L respectivelyRBC folate concentration that exceeded 906 nmollL, a
(Table 5). On the basis of mearsD values, the Chinese |evel that is associated with very low risk of NTD.

subjects had a statistically higher plasma folantthe
Malays and Indians. The Malays also had a stadi$tic
lower mean RBC folate than either the Chineskdians.

Table5. Blood folate and iron status of subjects

Thus, by this criterion, it is deduced that thajority
of the subjects did not have the threshold leveRBIC
folate for full protection against a NTD risk. Iroro-
parison, the Indonesian study found 60.6% of itgestis

Malay Chinese Indian Total
Plasma folate (nmol/L) N =137 N =127 N =121 N =385
Meant SD 12.+8.7 17.1+10.7 13.+9.0° 14.0+9.7
Median (5-98' percentile) 10 (4-23) 14 (5-37) 11 (3-30) 11 (4-33)
N (%) < 6.8 nmol/L: 23 (16.8) 9(7.1) 26 (21.5) 58 (15.1)
Red cell folate (nmol/L) N =140 N =126 N =123 N = 389
Meant SD 622.9228.4 705.2 319.8 706.5:351.4 673.8:302.4
Median (5-9%' percentile) 599 (304-1093) 657 (294-1330) 632 (294-1410) 633 (303-1209)
% < 363 nmol/Z 13 (9.3) 12 (9.5) 11 (8.9) 36 (9.3)
% > 906 nmol/C 16 (11.4) 21 (16.7) 22 (17.9) 59 (15.2)
Hematocrit (%) N =140 N=131 N=124 N =395
Meant SD 35.1+2.9 34.4+:3.0° 34.7#3.9 34.8t3.3
Median (5-98' percentile) 35.3 (30.2-39.7) 34.4 (29.1-39.0) 35.0 (27.8-40.2) 35.0 (29.2-39.5)
% < 36.09%8 87 (62.1) 91 (69.5) 80 (64.5) 258 (65.3)
Hemoglobin (g/dl) N =140 N =131 N =117 N =388
Meant SD 12.# 1.8 12.8:1.2 12.4+1.6° 12.4#1.6
Median (5-98' percentile) 13.0 (10.6-14.6) 12.8 (10.6-14.6) 12.6 (9.2-14.7) 12.8 (10.2-14.7)
% < 12.0 g/df 23 (16.4) 27 (20.6) 31 (26.5) 81 (20.9)
Ferritin (ug/L) N=125 N=115 N=113 N =353
Meant SD 35.0:31.9 32.4:27. 7 20.1£20.2 29.3t27.8
Median (5-9%' percentile) 27.5 (4.5-101.2) 24.7 (3.3-82.5) 13.0 (2.4-65.8) 21.5 (2.9-85.1)
% < 15ug/L® 23 (18.4) 27 (23.5) 31 (27.4) 81 (23.0)

12 Folate deficiency (Choumenkovitehal., 2001}"; *associated with very low risk of neural tube def@sly et al., 1995}* *°presence of
anemia; antdepleted iron stores (WHO, 206%)ANOVA post hoc test (Duncan): mean values with $ame superscript are not significantly

different atP<0.05 level
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Table6. Comparison of blood folate and iron status betwesers and non-users of dietary supplements

Users Non-users
Malay Chinese Indian Total Malay Chinese Indian Tota
Folate
Plasma
N 29 30 13 72 103 93 105 301

MeantSD 14.49.3 19.6:14.7 19.914.P 17.6t12.6 10.55.2 16.4+9.3 12.0:7. 7 12.8+7.9*
RBC

N 29 30 14 73 106 93 106 305

MeartSD 694+275" 743383 854+428" 745t354 605206 691+303F 691+341° 661+290**
Iron

Hct

N 29 31 14 74 106 96 107 309

MeantSD 34.9:3.0° 34.6:2.F 1436.#2.7% 35.0:2.7 35.42.9F 34.4:3.12 34.5+4.0° 34.43.4
Hb

N 29 31 13 73 106 96 101 303

MeantSD 12.5:2.6° 12.#0.9 12.#0.9 12.#1.8 12.8:1.5 12.8:1.3 12.3:1.7 12.#1.5
Ferritin

N 29 26 12 64 95 85 98 278

MeantSD  32.6t19.6 34.4t19.8 16.911.8 30.4:19.4 36.4:34.9 32.530.00 20.9:21.2 29.8:29.8

ANOVA post hoc test (Duncan) among ethnic groupbiwiUsers and Non-users: mean values with the saiperscript are not significantly
different atP <0.05 level; T-test (2-tailed) between “Usersalband “Non-users Total” mean values: * significaifference aP < 0.05;
** at P <0.01

had RBC folate level <906 nmol/2. It appears that pregnancy. Achieving this amount could be cimajieg
while the flour fortification program has raisecethlood however. In this study, total folate intake amaheg
folate concentrations of Indonesian women in gdnéra  subjects was found to meet only 16.5% of the W&ism
benefit has yet to reach all segments of the womeRNI. Notwithstanding the limitation of a single -Béur
population. As for blood iron status, the mediatues  method used to assess dietary intake, and théhidosl of
for hemoglobin (Hb) and hematocrit concentratiorsev  under-reporting by the subjects, the median and'5-9
12.8 g/dl and 35% respectively (Table 5). Anerila €  percentiles values were low.

12.0 g/dl) was present in 20.9% of the subjectsale When comparing among the ethnic groups, the Ch
with the highest prevalence among the Indians 5.5 nese subjects were shown to have significantly fowe
The Indian subjects also showed a significantly &igh intake of folate. However, their blood folate cene
prevalence (27.4%) with depleted iron stores (ierkil5  trations were significantly higher than those & Malays
ug/L) than the Malays and Chinese. Poor iron statuand Indians. This may be due to more Chinese consu-
among Indian women is likely a consequence of roor ~ ming various types of dietary supplements, whiclghhi
intake, especially if they are vegetarians. Inneixéng  have contributed to their higher blood folate caonce
the potential influence of dietary supplements ¢opth  trations. Ethnic-specific methods of food preparatioay
folate and iron status, Table 6 shows that usetSedfiry  also be a factor here. Folate is easily lost mlpnged
supplements had a significantly higher averagenmas cooking. Chinese usually stir-fry over a short diora
folate and RBC folate concentrations than non-userdeafy green vegetables and legumes, which are fmwod
Among the users, their mean plasma folate and RBQate sources. Malays and Indians on the other hged
folate concentrations were 128.6 nmol/L and 74%  nerally prefer their vegetables to be well-cookedilso
354 nmol/L respectively, compared with the corresponthe bioavailability of dietary folate, especially ielations
ding values of 1287.9 and 6632290 nmol/L among the to the overall diet composition, might contribute the
non-users. It is likely that some of the dietanpsle-  different blood folate concentrations of the ethgioups.
ments used contained some folic acid. Users dhidie However, the influence of folate bioavailability bdood
supplements may also be more health consciousraie p folate status remains unclear presefly.

tice better food preparation and eating habits ttran The mean RBC folate concentration of the Msikay

non-users. subjects at 673.8 302.4 nmol/L is lower than that of wo-
men reported in other studies. Women aged 18-4fsye

Discussion in New Zealand had baseline RBC folate concentration

Epidemiological studies have demonstrated the ieversin a supplementation trial that ranged from 83291 to
relationships between folate nutritional status #redrisk 944+ 364 nmol/L*®

of cardiovascular disease, and the occurrence wfahe As pointed out previously, the Indonesian sotg
tube defect at birth. In light of important publealth  appear to have benefited from the wheat flourfiogiion
implications arising from folate deficiency, mangun-  program, as their RBC folate concentration was aB060
tries including Malaysia have recommended that wome nmol/L higher than the Malaysian counterparts. Ha t
of childbearing age consume 4Q@ folic acid/day to- United States too, there has been improvement i€ RB
wards decreasing the risk of having an NTD-affectedolate concentrations of the women in general, esinc
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cereal-grain products were fortified with folic dcin
early 1998. The amount of folic acid added toeatdéht
cereal-grain products ranges form 95 to p@9100 g of
product. At this range of fortification, it wasgpected
that folic acid intake in the general populatiotriatitable
to fortification would be approximately 10Qg/day’’

Caudill et al.,*® reported that Californian women of child-

improve ferritin-Hb status of Malaysian adolescéfits
Health promotion on good nutritional practice aedsl|
reliance on costly dietary supplements is desirableng
young female adults at work sites and the univiessit
There was also a noticeable prevalence of overweigtht
obese subjects in this sample, ranging from 8.8%hén
Chinese to 32.6% among the Malays. A study in €hin

bearing age from socio-economically-advantaged -backfound that being too thin (BMI <21 kgfinincreases the
ground had a mean RBC folate concentration of 1308dds of blood folate deficiency two folds, and lggin
nmol/L, four times higher than the level deemed pece overweight (BMI>27 kg/nf) also has a 1.3 times higher

table €362 nmol/L).

Asian women in this study had chance of having folate deficien€yThe relationship

RBC folate level of 1262 274 nmol/L and the Hispanics between nutritional status and folate deficiencyedse

1586417 nmol/L. These folate concentrations were 2-Further investigation.

times higher than pre-fortification red cell levelsThe

In Malaysia, the leadingusa of
mortality of adults is cardiovascular disease, #rd is

NHANES III data collected in 1988-91 reported meanoften attributed to lifestyle-related conditionsckuas
RBC folate concentration of 515.9 nmol/L for whites, diabetes, hypercholesterolemia and obesity. Théideip
455.7 nmol/L in Mexican Americans, and 415.4 nmol/Ltions of low folate and high homocysteine as cardio

among African American¥.

It appears that the subjects in this study R&BC
folate concentrations at about the pre-fortificatievels
of US women or slightly higher. More importantly,the
finding that the majority of the Malaysian subjettad
RBC folate concentration below the concentratio®@®

vascular risk in Malaysians should be studied.

In conclusion, there is a definite need torowe the
consumption of folate and blood folate status oflavia
sian women of childbearing age. The public heailttiho-
rity has to weigh the costs and benefits of varistra-
tegic interventions. Research is also needed nergée

nmol/L, which is deemed to confer maximum protectiondata on (a) the folate content of Malaysian foods,

against the occurrence of NTD at birth. There ésdfore
a need to improve the blood folate status of Madays
women of childbearing age.

One strategy is fortifying selected foods @od ingre-
dients with folic acid as practiced in countrideeliindo-
nesia, United States and Canada. In United St#tes,
birth prevalence of NTDs is estimated to have deaga
from pre-fortification level of 37.8 per 100,0004di births

(b) the bioavailability of folate in commonly comsad
foods, (c) dietary intake of folate and other Bawmiins of
adolescents and adults, and (d) dietary intake bhmaoid
folate of pregnant women and birth outcomes.
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fortification .
begun in late 1998 has also led to a decline (38%)e
prevalence of NTD in Ontarid. A study in New Zealand

in which women of childbearing age were given miIk1
fortified with 375ug folic acid daily over 12 weeks had

folate status raised by 51% compared to baselifke
mean RBC folate of the fortified group was 1262 timo

which is well above 906 nmol/L associated with the

greatest reduction of NTE.
Another strategy is to encourage all womerabbpof
becoming pregnant to take folic acid supplementbe

daily use of 40Qug of folic acid remains the most effec- 4.

tive practice to prevent NTD defects. Norsworthgl.,?®

demonstrated that, while once-a-week 38p®f folic
acid supplement resulted in 50% of the women aainjev

A similar fortification program in Canada

Fonterra Brands Limiteflinded the study.
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IR A B H e 10 L B A Y R IR

TAT I 2FUEYE < BEATU HE RS DA R - PV A 5 #0510 B 401 £ 70 B 22 33 1) i kB i J LR A IR
PER, BERS IR LML EELZ (NTD) RAERKMER . XEUEE 2k A5 AR, 1
FENE PN ACL PRI TR SR B 2 LA B 16 AE Do oRBESy, 4 10000 ASHTAE2 )L siE 10
AN NTD P, AR EIER D G F W A I FRZKT R 2R Bl o AT U6 B 1K I
SE DR BES B WA L R AR IR K Y. 3 399 ANMA LS AR TT, Hh R 140
AR, 131 MEANDUK 128 ANERZEZN, X AR B HBEW RS T . EREEE
(PR E 2 IR BE U L AT R A B AR A TR LI, AR I, VA BT R R R 1 ST . AR B
KR 24 N PVREFINZ, HIRFEATEEA 66ug (15, 7-207.8 pg), 7 T kR
ANHEREEF RN ED 16. 5%. MRFZ MR (RBC) H{E (5-95 H ) 5l 11
(4-33) nmol/L and 633 (303-1209) nmol/L. M IKHE, HUT 15. 1%RHE 8 A A G IR e 15
AR Z (< 6.8 nmol/L), MM RRERZ NES s A BN EE 22 NA 21, 5%, o R 2140 i R it
Ze 9.3 %, — XA E SO 2 BB AL AT Ao A 15, 2% A 204 it
PRI IS KT 906 nmol/L, XKL NTD KA AEFA I, AT Ryl 58«
IS SR 8 TP it R 5 S A7 1 oA I R i =2 TRIR 0L, DA b AT TR 4812 1~ B AR I £ NTD 11
JLE,

R MBI RIRIE . IR XK.



