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Background: Periconceptional folic acid reduces neural tube defect (NTD) risk. Red blood cell folate concentration is inversely associated with NTD risk. In many countries there is a lack of information on NTD rates. Red
cell folate status in women of childbearing age may be a surrogate for NTD rates and may be helpful in identifying countries or regions most likely to benefit from improved folate status.
Objective: To predict NTD rates using red cell folate concentrations in women of childbearing age living in
three Asian cities
Design: Cross-sectional convenience samples of non-pregnant women living in Beijing (n=220), Kuala Lumpur
(n=389), and Jakarta (n=129).
Results: Red cell folate concentrations were highest (p<0.001) in women from Jakarta at 872 nmol/L (95% CI;
833, 910) followed Kuala Lumpur at 674 nmol/L (95% CI: 644, 704) and lowest in Beijing at 563 nmol/L (95%
CI: 524, 601). Accordingly, predicted NTD rates were highest in Beijing at 30/10000 (95% CI: 27, 33), followed
by Kuala Lumpur at 24/10000 (95% CI: 22, 25), and lowest in Jakarta at 15/10000 (95% CI: 14,15).
Conclusion: Our red blood cell folate data suggests that of the three cities improving the folate status of women
in Beijing would have the greatest impact on NTD rates.
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Introduction
High folate status in women of childbearing age reduces
the risk of neural tube defects (NTDs). In a large cohort of
Irish women the risk of having an NTD-affected pregnancy
was lowest in women with red cell folate concentrations
above 905 nmol/L.1 Taking folic acid during the periconceptional period reduces individual risk and population
incidence of NTD.2-4 Any programme that increases folate
status is likely to have the greatest impact on NTD rates in
populations with low folate status. For example, in a southern region of China, the background NTD rate was approximately 10 per 10000 births and mean red cell folate
concentration in women aged 35 - 44 y was 911 nmol/L,
whereas, in a southern region where red cell folate status
was lower (508nmol/L), the background NTD rate was
much higher, 50 - 60 per 10000 births.5 Furthermore, the
NTD rate in these regions following a public health campaign that encouraged women to take a daily supplement
containing 400 µg folic acid per day was 6-7/10000 in
compliant women.6 Thus, despite large pre-supplementation differences in NTD rates between the northern and
southern regions, NTD rates post-supplementation were
similar. This is suggestive of a folate-responsive NTD

threshold, possibly around a rate of 5-6/10000 below which
the prevalence of NTD cannot be reduced further with folic
acid. This is consistent with NTD rates in North America
which have not fallen below 5/10000 since mandatory
fortification.2-4
In many countries, information on birth defects is lacking. In the absence of this information, it is possible that
red cell folate status in women of childbearing age may be
a surrogate for NTD rates and helpful in identifying countries or regions most likely to benefit from improved folate
status. Wald et al used this approach to compare predicted
and actual decline in NTD rates in North America.7 We
have used a similar approach to predict NTD rates using
red cell folate concentrations in women of childbearing age
living in three Asian cities, Kuala Lumpur, Jakarta, and
Beijing.
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Methods
Subjects
Non-pregnant women 18-40 y were recruited using convenience sampling from Beijing, Kuala Lumpur, and Jakarta. Recruitment was via mail, the posting of flyers, the
Internet, and word of mouth. Women were excluded if
they were breastfeeding or had breastfed within 12
months, or had a serious or chronic illness. In Beijing,
220 women 20-35 y were recruited between February and
June 2002. A total of 389 women 18-40 y comprising
approximately equal proportions of Malay, Chinese and
Indian ethnicities were recruited from worksites and universities in Kuala Lumpur and it’s suburbs between January and March 2005. In Jakarta, 129 women 18-40 y were
recruited in late 2004. Demographic details of the women
were collected using questionnaires. Approval to conduct
the studies was provided by Ethics Committees within
each of the study regions: The Peking Union Medical
College Hospital Ethics Committee, Beijing, China; the
Ethics Committee of the Faculty of Medicine and Health
Sciences, Universiti Putra, Malaysia; Ethical Committee
Faculty of Medicine, University of Indonesia, Jakarta.
Blood collection and laboratory analysis
Blood samples were taken by venipuncture into tubes
containing EDTA following an overnight fast. Blood was
processed and red cell folate concentrations measured as

described by O’Broin and Kelleher using a microtiter
technique with chloramphenicol-resistant Lactobacillus
casei as the test microorganism.8 Whole blood standard
(National Institute for Biological Standards and Control,
UK) with an assigned folate concentration of 29.4 nmol/L
was used to generate a standard curve. The intra-assay
coefficient of variation was 10.4% for whole blood based
upon repeated measurements of pooled samples.
Analysis
Predicted NTD risk was estimated based on each
woman’s red cell folate concentration using the predictive
equation of Daly et al [1.643-1.2193 x ln(red cell
folate)].1 ANOVA was used to test for differences between cities in red cell folate and predicted NTD rates,
with a Bonferroni correction for multiple comparisons.
Results
Demographic characteristics of the participants are shown
in Table 1. In Beijing, around half of the women were
single, whereas in Kuala Lumpur and Jakarta over two
thirds of the women were single. The majority of women
had received secondary education or higher. Mean red
cell folate concentrations and predicted NTD rates are
shown in Table 2. Red cell folate concentrations were
higher (p<0.001) in women from Jakarta than from Beijing or Kuala Lumpur by 198 (95%CI; 140 to 255) and

Table 1. Demographic and dietary characteristics
Descriptive
Number of women

Beijing
220

Ethnicity

Chinese

Age (y)
BMI (kg/m2)
Smokers n (%)
Oral contraceptive users
Ever been pregnant
Alcohol consumers
Multivitamin or B-complex supplement use

28 ± 8.1
20.9 ± 3.4
2 (1%)
94 (43%)
94 (43%)
11 (5%)
NA

Kuala Lumpur
389
Malay (27%)
Chinese (31%)
Indian (32%)
25 ± 5.5
22.6 ± 4.5
5 (1%)
NA
NA
20 (5%)
20 (5%)

Jakarta
129

30 ± 6.8
22.5 ± 4.3
9 (7%)
NA
90 (69.8%)
NA
20 (16%)

Marital status
Single
Married
Widowed/divorced

113 (51%)
104 (47%)
1 (<1%)

293 (76%)
89 (23%)
5 (1%)

96 (74%)
30 (23%)
3 (2%)

Highest Education
Primary
Secondary
Matriculation
Polytechnic/University

2 (1%)
23 (11%)
71 (32%)
122 (55%)

10 (2.6%)
62 (16%)
52 (13%)
263 (68%)

28 (21.7%)
20 (15.5%)
60 (46.5%)
21 (16.3%)

Table 2 Red cell folate concentrations1 and predicted NTD rate

Red cell folate (nmol/L)
Predicted NTD rate (/10000)
1

Beijing

Kuala Lumpur

Jakarta

563 (524 to 601)a

674 (644 to 704)b

872 (833 to 910)c

30 (27 to 33)a

24 (22 to 25)b

15 (14 to 15)c

n = 220, 389, and 129 women in Beijing, Kuala Lumpur and Jakarta, respectively; values are means (95%CI). Numbers not sharing a
common superscript are significantly different, P<0.001.
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Figure 1. Distribution of red blood cell folate concentrations among women in Kuala Lumpar (n=389), Beijing (n=220) and
Jakarta (n=129).

309 (254 to 365) nmol/L, respectively. Folate concentrations in Kuala Lumpur were 112 (58 to 166) nmol/L
higher than in Beijing. More details on the Malaysian
dietary and blood folate study will be published in the
Asia Pacific Journal of Clinical Nutrition (in press). Accordingly, predicted NTD rates were highest in Beijing,
followed by Kuala Lumpur and lowest in Jakarta. The
percentages of women falling into various categories of
red cell folate concentrations are shown in Figure 1. The
categories are the same as those used by Daly et al.1 in
developing the equation we used to predict NTD risk.
Women from Jakarta are distributed into the higher red
cell folate categories, whereas women from Beijing and
Kuala Lumpur are represented across a wider range of the
categories. Eighteen percent of the women in Beijing, 8%
in Kuala Lumpur and no women in Jakarta had red cell
folate concentrations below 305 nmol/L, a cut-off value
indicative of folate deficiency.9
Discussion
Our results have shown that red cell folate concentrations
in women living in three major Asian cities are markedly
different, with the highest concentrations in Jakarta and
lowest in Beijing. Indeed, eighteen percent of women in
Beijing had red cell folate concentrations that would
place them at increased risk of folate deficiency anaemia,
major health consequences of which would be fatigue and
suboptimal cognitive performance.10 Moreover, for
women who become pregnant, low maternal folate status
increases the risk of low birth weight11 and birth defects.6,
12

The most likely explanation for the higher folate status
in women in Jakarta is the implementation of mandatory
folic acid fortification in 2001 of domestic and imported
wheat, at a dose of 200 µg per 100 g;13 neither China nor
Malaysia have a mandatory fortification scheme. Mean
red cell folate concentrations in Jakarta (872 nmol/L) are
slightly higher than those reported in the United States
post-fortification (787 nmol/L), which suggests a higher
intake of total folate (naturally occurring and added) by
women in Jakarta.14, 15 If consumption of wheat flour is
similar between the two countries, the slightly higher red
cell folate concentrations in Jakarta are consistent with
the higher level of fortification in Jakarta than in the
United States (140 µg/100 g). In countries without mandatory fortification, such as Malaysia and China, the main

determinant of red cell folate is dietary folate intake.16
Although we did not assess folate intake, the differences
in red cell folate concentrations between Kuala Lumpur
and Beijing will reflect differences in the folate consumption of women in the cities.
We cannot generalize the results to all women living in
China, Indonesia, and Malaysia because convenience
samples of women living in the three urban centres were
recruited that may not be representative of the population.
Whether these women have higher or lower folate status
compared with other urban-dwelling or rural women is
not known. Nevertheless, our red cell folate concentrations in women living in Beijing are consistent with those
reported by Hao et al, where a representative sample of
Beijing women (n=205) living in urban or rural settings
had a mean red cell folate of 508 nmol/L; a difference of
55 nmol/L compared with women in our study.5
In many countries NTD incidence rates are unknown,
may not include pregnancy terminations, or may not be
based on complete ascertainment of all pregnancy outcomes. In the absence of NTD incidence data, it is possible to predict NTD rates using results from a case-control
study conducted in Ireland which quantified the relation
between red cell folate and the risk of NTDs.1 Though
applying the formula to predict NTD rates in other populations has limitations, because there are factors other
than folate status that determine NTD rates, this approach
was used by COMA17 when considering mandatory fortification in the United Kingdom. Furthermore, Wald et al.7
used this model to compare predicted and actual changes
in NTD rates from large randomized trials and mandatory
fortification in the United States. Applying the equation
of Daly et al.1 to our red cell folate data suggests that the
NTD rate in Beijing is twice that of Jakarta. The applicability of NTD risk estimates found in Irish women has not
been confirmed in an Asian setting; however, the totality
of evidence is unequivocal that implementing folic acid
fortification in areas with low folate status reduces NTD
rates.3, 5, 6, 18
Our results indicate low folate status amongst women
living in Beijing and suggest that of the three cities improving the folate status of women in Beijing would have
the greatest impact on NTD rates.

TJ Green, CM Skeaff, BJ Venn, JEP Rockell, J Todd, GL Khor, SP Loh, G Duraisamy, S Muslimatun, R Agustina, X Ling and X Xing

Acknowledgement
This work was supported by a research grant from Fonterra
Brands Limited, New Zealand.
References
1.
Daly LE, Kirke PN, Molloy A, Weir DG, Scott JM.
Folate levels and neural tube defects. Implications for
prevention. JAMA. 1995;274(21):1698-702.
2.
Honein MA, Paulozzi LJ, Mathews TJ, Erickson JD,
Wong LY. Impact of folic acid fortification of the US
food supply on the occurrence of neural tube defects.
JAMA. 2001;285(23):2981-6.
3.
Liu S, West R, Randell E, Longerich L, O'Connor K S,
Scott H, et al. A comprehensive evaluation of food fortification with folic acid for the primary prevention of
neural tube defects. BMC Pregnancy Childbirth. 2004
Sep 27;4(1):20.
4.
Ray JG, Meier C, Vermeulen MJ, Boss S, Wyatt PR,
Cole DE. Association of neural tube defects and folic
acid food fortification in Canada. Lancet. 2002 Dec 2128;360(9350):2047-8.
5.
Hao L, Ma J, Stampfer MJ, Ren A, Tian Y, Tang Y, et
al. Geographical, seasonal and gender differences in
folate status among Chinese adults. J Nutr. 2003
Nov;133(11):3630-5.
6.
Berry RJ, Li Z, Erickson JD, Li S, Moore CA, Wang H,
et al. Prevention of neural-tube defects with folic acid in
China. China-U.S. Collaborative Project for Neural
Tube Defect Prevention. N Engl J Med.
1999;341(20):1485-90.
7.
Wald NJ. Quantifying the effect of folic acid. The Lancet. 2001;358(9298):2069-73.
8.
O'Broin S, Kelleher B. Microbiological assay on microtitre plates of folate in serum and red cells. J Clin Pathol.
1992;45(4):344-7.
9.
Gibson RS. Principles of Nutritional Assessment. 2nd ed.
Auckland: Oxford University Press; 2005.

10.
11.

12.

13.
14.

15.

16.

17.

18.

Herbert V. Folic Acid. Annu Rev Med. 1965;16:359-70.
Relton CL, Pearce MS, Parker L. The influence of
erythrocyte folate and serum vitamin B12 status on birth
weight. Br J Nutr. 2005 May;93(5):593-9.
Canfield MA, Collins JS, Botto LD, Williams LJ, Mai
CT, Kirby RS, et al. Changes in the birth prevalence of
selected birth defects after grain fortification with folic
acid in the United States: findings from a multi-state
population-based study. Birth Defects Res A Clin Mol
Teratol. 2005 Oct;73(10):679-89.
Hardinsyah, Suroso. Micronutrient programs in Indonesia. Food and Nutrition Bulletin. 2004;25:82-3.
Erickson JD, Mulinare J, Yang Q, Johnson CL, Pfeiffer
C, Gunter EW, et al. Folate status in women of childbearing age, by race/ethnicity --- United States, 19992000. MMWR. 2002;51:80-810.
Wright JD, Bialostosky K, Gunter EW, Carroll MD,
Najjar MF, Bowman BA, et al. Blood folate and vitamin
B12 : United States, 1988–94. National Center for
Health Statistics. Vital Health Stat. 1998;11 (243).
Green TJ, Allen OB, O'Connor DL. A three-day
weighed food record and a semiquantitative foodfrequency questionnaire are valid measures for assessing
the folate and vitamin B-12 intakes of women aged 16
to 19 years. J Nutr. 1998 Oct;128(10):1665-71.
Committee on Medical Aspects of Food and Nutrition.
Folic acid and the prevention of disease. Report on
health and social subjects. No 50. London: The Stationary Office; 2000.
Lopez-Camelo JS, Orioli IM, da Graca Dutra M, NazerHerrera J, Rivera N, Ojeda ME, et al. Reduction of birth
prevalence rates of neural tube defects after folic acid
fortification in Chile. Am J Med Genet A. 2005 Jun
1;135(2):120-5.

273

Red cell folate & NTD in Asia

Original Article

Red cell folate and predicted neural tube defect rate in
three Asian cities
Timothy J Green PhD1, C Murray Skeaff PhD1, Bernard J Venn PhD1, Jennifer EP
Rockell MSc1, Joanne M Todd MSc2, Geok L Khor PhD3, Su Peng Loh PhD3,
G. Duraisamy MD3, Siti Muslimatun PhD4, Rina Agustina PhD4, Xu Ling MD5 and
Xiaoping Xing PhD5
1

Department of Human Nutrition, University of Otago, Dunedin, New Zealand
Fonterra Brands Ltd, Auckland, New Zealand
3
Department of Nutrition & Health Sciences, Faculty of Medicine & Health Sciences, Universiti Putra
Malaysia, Serdang, Malaysia
4
SEAMEO TROPMED Regional Center for Community Nutrition, University of Indonesia, Jakarta
5
Peking Union Medical College Hospital, Beijing, China
2

三大亚洲城市的红血球叶酸及神经管畸形的预测发生
率
背景：妊娠期间的叶酸摄取有效降低神经管畸形的风险。红血球的叶酸水平
及神经管畸形的风险是互为相比的。现今的很多国家都缺乏神经管畸形发生
率的相关资料。育龄妇女的红血球叶酸水平也许是可代替神经管畸形发生率
的另一种指标，并且可用于确认那一些从提高叶酸水平计划当中最可能受惠
的国家或区域。
目的：使用三大亚洲城市的育龄妇女之红血球的叶酸水平以预测神经管畸形
的发生。
方法：采用断面式方法以录取居于北京(人数：220)，吉隆坡(人数：389)及雅
加达(人数：129)的未孕妇女参与此项调查。
結果：雅加达的妇女拥有最高的(p<0.001)红血球叶酸水平，872 nmol/L (95%
CI; 833, 910)，其次是吉隆坡妇女，叶酸水平高达674 nmol/L (95% CI: 644,
704)。北京妇女的叶酸水平为之最低，只达563 nmol/L (95% CI: 524, 601)。有
鉴于此，预测北京的神经管畸形的发生率将是最高，达至30/10000 (95% CI:
27, 33)，接着是吉隆坡，24/10000 (95% CI: 22, 25)，而雅加达的发生率将是最
低，只是15/10000 (95% CI: 14,15)。
結論：根据我们的红血球叶酸研究结果显示，在这三大城市中，北京将是在
提高叶酸水平以降低神经管畸形的发生率的计划中最为受惠的城市，并拥有
最显着的效果。
關鍵詞：红血球叶酸，神经管畸形，食品强化，亚洲，妇女。

