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Abstract
The aim of the present study was to assess the prevalence of deficiency of folate and vitamin B12 and, simultaneously, the nutrient intake
adequacy of folate, vitamin B12, iron, vitamin A, vitamin C, vitamin B6 and calcium in 391 adolescent anaemic (Hb< 120 g/l) schoolgirls living
in the delta region of Myanmar (Burma). Dietary intakes were assessed using a 3 d estimated food record. The distribution of observed intakes
calculated from the food records were adjusted for usual intakes, and the prevalence of inadequacy was estimated using the estimated average
requirement cut-point method. Median (first, third quartile) serum folate and vitamin B12 concentrations were 6·5 (4·6, 8·5) nmol/l and
612·8 (443·2, 795·2) pmol/l, respectively. The prevalence of folate deficiency defined as <6·8 nmol/l was 54 %; however, vitamin B12

deficiency defined as <148 pmol/l was negligible (<1 %). The prevalence of inadequate intake of folate was high (100 %) as was the
prevalence of inadequate intakes of vitamin A, vitamin C, vitamin B6 and calcium, ranging from 60 to 100 %. Red meat or poultry was rarely
consumed, but fish was consumed on a daily basis. Green leafy vegetables were also consumed frequently but consumption of dairy products
was uncommon. Folate deficiency was high, and the prevalence of inadequate intake of folate among other key micronutrients was relatively
common in this sample of anaemic adolescent schoolgirls. Appropriate strategies such as food fortification and dietary diversification are
needed to improve the micronutrient status of these young women to ensure optimal health and future reproductive success.
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Folate and vitamin B12 are essential for optimal growth,
development and maintenance of health throughout all life stages.
Folate is involved in the synthesis and methylation of DNA, and
vitamin B12 is an important cofactor in folate metabolism(1).
Dietary inadequacies of these nutrients can lead to impaired
DNA synthesis and megaloblastic anaemia. During pregnancy,
deficiencies of folate and vitamin B12 are associated with a number
of negative health outcomes(1–4), including the well-established
link between inadequate folate intake during the periconceptional
period and increased risk of congenital neural tube defects.
Folate-rich food sources include leafy vegetables, legumes as

well as nuts, fruits and berries. With the exception of liver, meat

is not a good source of folate. In contrast, vitamin B12 is found
almost exclusively in animal source foods including red meat,
poultry, fish and dairy products. In developing countries, meet-
ing the recommended dietary requirement of folate and vitamin
B12 may be difficult to achieve by food consumption alone due
to the high cost and limited availability of folate-rich and/or
vitamin B12-rich foods. Daily iron and folic acid supplementation
for pregnant women is recommended as part of antenatal care(5);
however, these programmes reach women later in pregnancy
and compliance is often poor. Thus, additional cost-effective
interventions such as food fortification may be needed to prevent
the prevalence of inadequate intakes.
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The World Health Organization(6) recommends the collection of
food and nutrient intake data along with information on nutritional
status of the target population before planning and implementing
any fortification programme. In Myanmar, a country in South East
Asia, food fortification is non-existent with the exception of uni-
versal salt iodisation. Earlier evidence suggested that folate status
of the population may be poor(7), but little work has been carried
out recently to assess the nutrient intake of the population with no
data on the adequacy of folate and vitamin B12 intakes in women
of reproductive age. Recently, we reported a high prevalence of
anaemia (59%, Hb<120 g/l) and coexistence of iron deficiency
and suboptimal vitamin A status in a group of adolescent
schoolgirls in the delta region of Myanmar(8,9). In this study, we
provide additional information on the folate and vitamin B12 status
of the adolescent girls who were anaemic at the time. We also
investigated the prevalence of inadequate intake of folate, vitamin
B12 and other micronutrients including vitamin A, vitamin C,
vitamin B6 and calcium in the same girls.

Methods

This study used data collected at baseline of an interventional
study that investigated the role of inflammation on iron and vita-
min A levels during iron and vitamin A supplementation in
anaemic adolescent females (ClinicalTrials.gov ID: NCT
01198574). Details of data collection on socio-demographics,
growth and baseline iron and vitamin A levels were described
earlier(9). In brief, participants aged between 13 and 19 years were
recruited in July 2010 from Nyaung Done Township, a peri-urban
area in Ayeyarwady division, located in the delta region
of Myanmar. Post-menarcheal schoolgirls, with anaemia
(Hb<120 g/l), not suffering from any major illness or disease at
the time of data collection were recruited to the study. Those with
severe anaemia (Hb<70 g/l) were excluded and treated with iron
supplements. A total of 402 participants were recruited, and data
were complete for 391 participants. A socio-demographic ques-
tionnaire was administered to the mother or caregiver of each
schoolgirl, and anthropometric measurements including weight
and height were taken using standardised techniques with the
participant wearing light clothing and no shoes(10).
Ethical approval of the study protocol was obtained from the

Faculty of Medicine, University of Indonesia (128/PT 02.FK/
ETIK/2010), and from the Department of Medical Research,
Lower Myanmar (18/Ethics 2010 DMR-Lower Myanmar).
Written informed consent was obtained from the parents or
guardians of the adolescent girls who participated in the study.

Dietary assessment

Dietary intakes were calculated from estimated food records.
Participants were trained on how to record dietary intake for a
3 d non-consecutive period. They were provided with pictures
to assist them with estimating portion size in household
measure units, which were then converted into gram intakes.
Nutrisurvey software (www.nutrisurvey.de) was used to
calculate the usual energy and nutrient intakes from the food
using nutrient values derived from an existing Myanmar food

composition table supplemented, where necessary, with data
from Indonesia food composition tables(11–13). The missing
values for folate and B12 data were imputed from United States
Department of Agriculture food composition table, except for
manufactured foods(14).

Goldberg’s method was used to check under-reporting, and
under-reporters were not included in the results(15). Software of
Intake Distribution Estimation (PC-SIDE, Iowa State University)
was used to calculate the proportion of subjects with
inadequate intake using the estimated average requirement
(EAR) cut-point approach. EAR for nutrients were calculated
from the FAO/WHO requirement estimates using appropriate
recommended conversion factors(6). For the intake of iron, the
probability approach was used as the EAR approach was not
appropriate for menstruating girls(6).

Dietary patterns of the girls were also assessed by interview
using a fifty-item FFQ designed to assess usual intake of iron and
vitamin A. The FFQ was administered during the midline (sixth
week) of the study. For vitamin A from β-caroetene, a conversion
factor of 1/6 was used, whereas for other carotenoids a
conversion factor of 1/12 was used. The FFQ used in this study
was developed in order to include major food sources of iron
and vitamin A, which was aligned with the objective of the main
intervention study. The foods included in the FFQ were obtained
from the list of foods reported in 24 h dietary recalls of the same
subjects at baseline. Standard portions were assigned for each
food item and respondents reported their usual portion as a
proportion or multiple of their standard portion.

Biochemical assessment

Serum folate concentrations were measured using microbiological
assays according to the methods of O’Broin and Kelleher(16) and
Molloy and Scott(17) in a ninety-six-well plate (Costar; Corning Inc.)
using the chloramphenicol-resistant Lactobacillus rhamnosus
(ATCC 27773). The National Institute of Standards and Technology
Standard Reference Material 1955 (three levels) was included for
each plate run (n 8), with analysis yielding a folate content for
level 1 of 5·5 (SD 0·37) nmol/l (inter-assay CV of 6·9%) (certified
value 5·6 (SD 1·2) nmol/l), for level 2 of 14·3 (SD 1·3) nmol/l (CV of
9·1%) (certified value 14 (SD 3) nmol/l) and for level 3 of 44·4
(SD 4·5) nmol/l (CV of 4·5%) (certified value 44 (SD 11) nmol/l).
Cut-off values for the assessment of folate status were defined
using values proposed by the WHO, with deficiency defined as
serum folate concentrations <6·8 nmol/l, marginal as 6·8–13·4
nmol/l and normal folate status >13·4 nmol/l(18).

Serum vitamin B12 concentrations were assayed using the
Elecsys® 2010 (Roche Diagnostics) automated electro-
chemiluminescence immunoassay. The control samples provided
by the manufacturer were within the recommended range, and the
inter-assay CV based on pooled serum was 3·2% (n 9). Vitamin
B12 status was defined as normal (serum vitamin B12> 221 pmol/
l), marginal (148–221 pmol/l) or deficient (<148 pmol/l)(19).

Statistical analysis

Statistical analyses were performed using statistical software
package SPSS (SPSS) version 15.0 for windows. Normality of
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distribution of the variables was checked using the
Kolmogorov–Smirnov test. Differences between this study
group and the overall group from screening stage, in mean
socio-demographics and anthropometric measurements, were
examined using an independent sample t test. Dietary intakes of
the participants were expressed as median (first, third quartile)
for consistency because of non-normal distributions of some
nutrients. A P value <0·05 indicated statistical significance.

Results

Serum folate and vitamin B12 concentrations were available for
389 and 391 adolescent schoolgirls, respectively. For dietary
intake analyses, data were available for 391 participants.
The mean age of the girls was 15·9 (SD 1·2) years, with age at

menarche of 13·2 (SD 0·9) years. Overall, 31% of the girls were
stunted (HAZ< –2) and 16% were classified as thin (BAZ<–2).
There were no significant differences between the anaemic
adolescent females in this study and the overall group for socio-
demographic status and mean anthropometric measurements(8).
The proportion of females with normal, marginal and defi-

cient folate and vitamin B12 status is shown in Table 1. Overall,
153 (39·3 %) participants had folate deficiency with 211 (54·2 %)
having marginal folate status. In marked contrast, vitamin B12

concentrations were high among the adolescent schoolgirls,
with only one participant (0·3 %) classified as B12 deficient.

Table 2 shows the median (first, third quartiles) energy and
nutrient intakes of the adolescent schoolgirls per day, along
with the FAO/WHO EAR. The proportion of girls with intakes
less than the EAR are also reported. The median estimated
energy intakes of these adolescent schoolgirls 7154·6 kJ/d
(1710 kcal/d) were slightly lower than the energy requirement
for median physical activity level 7811·5 kJ/d (1867 kcal/d)(20).
Only 1·5 % of schoolgirls (n 6) were identified as under-
reporters of energy intake using the Goldberg method. Median
intake of folate was well below the EAR, with all the participants
having an intake less than the EAR. Likewise, the prevalence of
inadequate intakes for vitamin B6 (97·7 %) and calcium (99·7 %)
was very high. Dietary intake of vitamin A and vitamin C was
slightly better among participants, yet remained a concern with
the percentage of participants with intakes less than the EAR of
59 and 61 %, respectively.

Weekly consumption of relevant food groups and sub-groups
based on the qualitative food frequency assessment is shown in
Table 3. Red meat and organ meat were rarely consumed
among the girls. Fish consumption was common, with half of
the adolescent girls consuming fish on a daily basis. Nearly all
the participants consumed vitamin A-rich green leafy vegetables
and vitamin C-rich fruits on alternate days in a week, but dairy
product consumption was uncommon. Table 4 is based on the
food frequency assessment and depicts the food items most
frequently consumed, their average portion sizes and folate
content (μg/100 g). Water spinach, duck egg and rice were the
major contributors of folate to the diet of the adolescent girls
based on their weekly consumption. Similarly, Table 5 shows
the main sources of B12 from the diets of these adolescent girls.

Discussion

The dietary folate intakes of the anaemic adolescent girls of this
study were very poor, which was consistent with the high
prevalence of biochemical folate deficiency. Adequate folate
status among reproductive age women is critical, given the
important biological role of folate in gene expression, cell
division and reproduction. Moreover, this finding is a concern
given our earlier reports of iron deficiency and low vitamin A

Table 1. Biochemical indicators of folate and B12 status of participating
anaemic adolescent girls*
(numbers and percentages)

n %

Serum folate (nmol/l) 389
Normal (>13·5 nmol/l, %) 25 6·4
Marginal (6·8–13·4 nmol/l, %) 211 54·2
Deficient (<6·8 nmol, %) 153 39·3

Serum vitamin B12 (pmol/l) 391
Normal (>221) 370 94·6
Marginal (148–221) 20 5·1
Deficient (<148) 1 0·3

* To convert serum folate to ng/l, divide by 2·677.

Table 2. Nutrient intake of participants (n 391) assessed using a 3 d food record
(Median and 25th–75th percentile)

Intake

Median 25th–75th percentile EAR Proportion of girls with an inadequate intake

Energy (kcal) 1767 1540–2039
Energy (kJ/d) 7393·1 6443·4–8531·2
Protein (g) 53 45–63
Vitamin A (μg RE) 344 208–571 428·6 62·3
Folate (µg) 125 90–184 320·0 94·3
Vitamin B12 (µg) 2·4 1·5–3·7 2·0 36·7
Vitamin B6 (mg) 0·5 0·4–0·6 1·0 97·0
Vitamin C (mg) 40 22–61 54·2 68·5
Calcium (mg) 326 233–436 833·3 98·7
Iron (mg)* 11 8–15 66·8

EAR, estimated average requirement; μg RE, μg retinol equivalent.
* EAR should not be used for menstruating girls due to the high variability and the skewed nature of the distribution of the requirement for iron(6).
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status among these reproductive age study participants(9).
Anaemia is a significant public health problem in Myanmar(21).
However, little or no attempt has been made to investigate the
underlying causes for the high prevalence of anaemia in the
country. Folate is one of the key nutrients for haemopoiesis,
and the poor folate status among the population may contribute
to the high prevalence of anaemia in the country among
other factors including infection, genetic Hb disorders and
deficiencies of iron, vitamin A, zinc and riboflavin(8,9,22–24).
In addition, both folate deficiency and iron depletion have

shown to be associated with the severity of anaemia(25,26),
suggesting that the suboptimal intake of both nutrients needs to
be addressed concomitantly.

To our knowledge, our study is the first report on the folate
status of adolescent females in Myanmar. Published data on
folate status of any life-stage group in Myanmar are lacking,
with the exception of an earlier report in 1976 showing a fairly
low prevalence of folate deficiency (13 %) among a group
of pregnant women(7). Serum folate concentrations of the
girls in the present study were much lower than those of
reproductive age women from neighbouring countries such as
Thailand, Bangladesh and Malaysia(27–29). Low folate status
is likely to be attributable to a predominant rice-based diet
(which is low in folate) and a low intake of legumes and fruits
(which are high in folate). In addition, Burmese usually con-
sume well-cooked vegetables, and substantial amounts of
folate may be lost during food processing, preparation and
cooking(26,30–32).

Fortification of food with folic acid is considered to be one
of the most cost-effective strategies to prevent folate deficiency
with proven success in both developed and less-developed
countries, including neighbouring South East Asian
countries(33,34). For example, the government of Indonesia
mandated folic acid fortification of wheat flour nearly 15 years
ago in an effort to mitigate the prevalence of folate deficiency(33).
A post-fortification report of red blood folate status of
reproductive age women in Jakarta demonstrated the success
of the programme, showing relatively high blood folate levels
with no indication of deficiency(33,35).

Rice is a staple food in the delta region of Myanmar(36),
accounting for approximately 45 % of the energy consumed in

Table 3. Weekly frequency of consumption of relevant food groups and
sub-groups
(Median values and 10th, 90th percentiles)

Frequency/week

Food group/sub-group Median 10th, 90th percentiles

Grains and grain products
Rice 17 14, 21

Meat, fish, poultry
Red meats 0·25 0, 2
Fish 7 1·8, 14
Poultry 0·5 0, 4
Organ meat 0 0, 1
Eggs 2 0, 6

Vegetables
Vitamin A-rich dark green leafy

vegetables
2 0, 2·7

Fruits
Vitamin A-rich fruits 0 0, 1
Vitamin C-rich fruits 0 0, 2·7

Dairy products 0 0, 1

Table 4. Top contributing food sources of dietary folate and estimated daily intake among participating adolescent schoolgirls, determined using an FFQ

Food item Average times consumed/week Average portion size (g) Folate content (µg/100 g) Estimated folate intake (μg/d)

Cooked rice 16·6 250 2 11·8
Duck egg 1·9 50 80 10·8
Water spinach 2·0 50 73 10·4
Banana 1·4 113 20 4·6
Condensed fish paste 5·8 10 48 4·0
Guava 2·3 80 14 3·7
Cucumber 2·4 50 19 3·2
Fish 6·4 30 8 2·2
Apple 1·4 200 3 1·2
Fish sauce 1·7 10 29 0·7

Table 5. Top contributing food sources of vitamin B12 and estimated daily intake among participating adolescent schoolgirls, determined using an FFQ

Food item Average times consumed/week Average portion size (g) B12 content (µg/100 g) Estimated B12 intake (μg/d)

Duck egg 1·8 50 5·3 0·68
Fish 5·0 30 1 0·21
Prawn 1·2 35 1·3 0·08
Milk 0·4 200 0·4 0·05
Chicken egg 0·5 40 1·1 0·03
Fish sauce 1·5 10 1·4 0·03
Pork 0·6 30 1 0·03
Beef 0·3 30 1·8 0·02
Fish paste 3·7 10 0·4 0·02
Liver 0·3 30 0·9 0·01

Folate and B12 status in Myanmar girls S39

https://doi.org/10.1017/S0007114515001609  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515001609


our study participants (data not shown). Although fortification
of rice or other increasingly popular wheat-based foods such as
instant noodles can contribute to improving the intake of key
problem nutrients(37), the decision to fortify a widely consumed
food staple with folic acid is influenced by a number of factors
including the concern of adverse effects due to low vitamin B12

status(38,39). For example, the Pune Indian study revealed that
high folate intakes in vitamin B12-deficient mothers may
contribute to increased adiposity and insulin resistance in the
offspring(38,40). Remarkably, vitamin B12 deficiency in our
population of adolescent females was rare, occurring in
only one woman. According to the dietary data, frequent
consumption of eggs and fish are likely to have contributed to
the very low prevalence of biochemical vitamin B12 deficiency
(Table 5). Unlike western diets, milk is not commonly
consumed among the Burmese population, but fish was a
significant contributor. Fish, however, is not a good source of
iron, and red meat was not commonly consumed in this
predominantly Buddhist group of participants.
In addition to previous reports of poor iron intake in this

sample group(9), the present study revealed a widespread risk
of co-existing micronutrient dietary inadequacies in this sample
population of adolescent anaemic females. Food consumption
data indicated that a significant proportion of the girls did not
consume foods rich in iron, vitamin A and calcium such as liver,
milk and eggs. Although consumption of green leafy vegetables
was common – such as water spinach, which is available all
year-round – the amounts consumed were likely to be
insufficient to fulfil the recommended nutrient requirements
for folate. Fruits and dairy products were also not consumed
often, which is consistent with previous reports(41). Additional
work is needed to determine whether it is possible to formulate
a balanced diet using nutrient-dense locally available and
culturally acceptable foods in this age group. This can be
achieved using linear programming, a mathematical approach
designed to optimise the diet(42). In doing so, linear program-
ming takes into account the existing food selection pattern,
nutritional goals and cost constraints. If local foods are unable
to provide the desired key nutrient levels, linear programming
can be used to formulate new food products based on local
commodities and determine the need and potential impact of
food fortification or supplementation strategies.
This study had several limitations. First, this study was

conducted in one of the townships in the delta region of the
country, and thus cannot be generalised to the whole country.
However, the dietary patterns observed in our study
participants are typical of the dietary habits throughout rural
Myanmar, although they do not reflect seasonal variability in
intakes. Second, nutrient composition of food items was
acquired from different food composition tables, which may not
accurately reflect the nutrient composition of the food. It is
appreciated that there is variability in the composition of
foods between countries, likely due to differences in season,
cultivar or variety.
In summary, our study highlights the poor folate status and the

coexistence of multiple micronutrient inadequacies in the diet of
these anaemic adolescent schoolgirls, with the most common
deficits being folate, calcium and vitamin B6. Despite the very low

intake of meat and poultry, the prevalence of vitamin B12

deficiency was very low, demonstrating the valuable contribution
of fish in the diet with regard to dietary vitamin B12 intake in this
population group. Many of these young women will be married
and pregnant within the next few years. Given the high demands
for folate and iron during pregnancy, urgent survey work is
needed to inform recommendations to improve the micronutrient
health and the reproductive success of young Burmese women.

Acknowledgements

The authors acknowledge the invaluable contributions of the
schoolgirls and the support of all the teachers to conduct the
study successfully. The authors also thank Director General
Dr Myo Khin from the Department of Medical Research, Lower
Myanmar, Dr Theingi Thwin, Director and team from the
Nutrition Research Division, Department of Medical Research,
Lower Myanmar, for biochemical data collection and Dr Htin
Linn, Deputy Director, National Nutrition Center, for his advice
on dietary assessment.

This study was funded by DAAD scholarship and Nestle
Foundation. The funding sources had no influence in the design
of the study, analysis, writing of the manuscript and decision to
submit the paper for publication. DAAD and Nestle Foundation
had no role in the design, analysis or writing of this article. The
paper is published as part of a supplement to the British
Journal of Nutrition supported by PT Sarihusada Generasi
Mahardhika and PT Nutricia Indonesia Sejahtera.

M. K. H., A. A., B. U., U. F. and D. I. T. designed the research;
M. K. H. conducted the research; L. A. H. conducted the folate
and vitamin B12 analyses; M. K. H., U. F., L. A. H. and L. M. H.
analysed the data; M. K. H., U. F., L. A. H., L. M. H. and D. I. T.
wrote the paper and M. K. H. had the primary responsibility for
the final content. All the authors read and approved the final
version of the manuscript.

We also thank Dr. Drupadi Dillon for her contribution in the
initial stage of the study.

There are no conflicts of interest.

References

1. Molloy AM, Kirke PN, Brody LC, et al. (2008) Effects of folate
and vitamin B12 deficiencies during pregnancy on fetal,
infant, and child development. Food Nutr Bull 29, 101–111.

2. Bailey LB & Berry RJ (2005) Folic acid supplementation and the
occurrence of congenital heart defects, orofacial clefts, multiple
births, and miscarriage. Am J Clin Nutr 81, 1213S–1217S.

3. Bailey LB, Rampersaud GC & Kauwell GPA (2003) Folic acid
supplements and fortification affect the risk for neural tube
defects, vascular disease and cancer: evolving science. J Nutr
133, 1961S–1968S.

4. Scholl TO, Hediger ML, Schall JI, et al. (1996) Dietary and
serum folate: their influence on the outcome of pregnancy.
Am J Clin Nutr 63, 520–525.

5. WHO (2012) Guideline: Daily Iron and Folic Acid
Supplementation in Pregnant Women. Geneva: World Health
Organization.

6. Allen LH, de Benoist B, Dary O, et al. (2006) Guidelines
on Food Fortification With Micronutrients. Geneva: World
Health Organization.

S40 M. K. Htet et al.

https://doi.org/10.1017/S0007114515001609  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515001609


7. Batu AT, Toe T, Pe H, et al. (1976) A prophylactic trial of iron
and folic acid supplements in pregnant Burmese women.
Isr J Med Sci 12, 1410–1417.

8. Htet MK, Dillon D, Akib A, et al. (2012) Microcytic anaemia
predominates in adolescent school girls in the delta region of
Myanmar. Asia Pac J Clin Nutr 21, 411–415.

9. Htet MK, Fahmida U, Dillon D, et al. (2014) The influence of
vitamin A status on iron-deficiency anaemia in anaemic
adolescent schoolgirls in Myanmar. Public Health Nutr 17,
2325–2332.

10. Lohman TG, Roche AF & Martorell R (1988) Anthropometric
Standardization Reference Manual. Champaign, IL: Human
Kinetics Books.

11. Karmini M H, Komari EB, Apriyantono A, et al. (2001)
Nutrient Composition of Indonesian Foods. Jakarta: Ministry
of Health Indonesia.

12. Directorate of Health Service (1969) The Nutrient Values of
Burmese Foods. Rangoon: Central Press.

13. Ministry of Health Indonesia (1995) Food Composition Table.
Jakarta: Ministry of Health Indonesia.

14. Haytowitz D, Lemar L, Pehrsson P, et al. (2011) USDA. United
States National Nutrient Database for Standard Reference,
Release 24, 2012. Agriculture Research Service, Department of
Agriculture.

15. Goldberg GR, Black AE, Jebb SA, et al. (1991) Critical
evaluation of energy intake data using fundamental principles
of energy physiology: 1. Derivation of cut-off limits to identify
under-recording. Eur J Clin Nutr 45, 569–581.

16. O’Broin S & Kelleher B (1992) Microbiological assay on
microtitre plates of folate in serum and red cells. J Clin Pathol
45, 344–347.

17. Molloy AM & Scott JM (1997) Microbiological assay for serum,
plasma, and red cell folate using cryopreserved, micrometer
plate method. Methods Enzymol 281, 43–53.

18. WHO (2012) Serum and red blood cell folate concentrations for
assessing folate status in populations. Vitamin and Mineral
Nutrition Information System. Geneva: World Health Organiza-
tion; http://www.who.int/vmnis/indicators/serum_RBC_folate/
en/ (accessed 6 September 2014)

19. Jones KM, Ramirez-Zea M, Zuleta C, et al. (2007) Prevalent
vitamin B-12 deficiency in twelve-month-old Guatemalan
Infants is predicted by maternal B-12 deficiency and
infant diet. J Nutr 137, 1307–1313.

20. FAO/WHO/UNU (2004) Expert Consultation. Human Energy
Requirement. Rome: Italy Food and Agriculture Organization.

21. Ministry of Health (2013) Health in Myanmar. Nay Pyi Taw,
Myanmar: Ministry of Health.

22. Righetti AA, Koua A-YG, Adiossan LG, et al. (2012) Etiology of
anemia among infants, school-aged children, and young non-
pregnant women in different settings of South-Central Côte
d’Ivoire. Am J Trop Med Hyg 87, 425–434.

23. Gibson RS, Abebe Y, Stabler S, et al. (2008) Zinc, gravida,
infection, and iron, but not vitamin B-12 or folate status,
predict hemoglobin during pregnancy in Southern Ethiopia.
J Nutr 138, 581–586.

24. Kraemer K & Zimmermann MB (2007) Nutritional Anemia.
Basel, Switzerland: Sight and Life Press.

25. Arsenault JE, Mora-Plazas M, Forero Y, et al. (2008) Hemo-
globin concentration is inversely associated with erythrocyte
folate concentrations in Colombian school-age children,

especially among children with low vitamin B12 status.
Eur J Clin Nutr 63, 842–849.

26. Hund L, Northrop-Clewes CA, Nazario R, et al. (2013)
A novel approach to evaluating the iron and folate status of
women of reproductive age in Uzbekistan after 3 years of
flour fortification with micronutrients. PLOS ONE 8,
e79726.

27. Khambalia A, O’Connor DL & Zlotkin S (2009) Periconcep-
tional Iron and Folate Status Is Inadequate among Married,
Nulliparous Women in Rural Bangladesh. J Nutr 139, 1179–84.

28. Khor GL, Duraisamy G, Loh SP, et al. (2006) Dietary and
blood folate status of Malaysian women of childbearing age.
Asia Pac J Clin Nutr 15, 341–349.

29. Sirikulchayanonta C, Madjupa K, Chongsuwat R, et al. (2004)
Do Thai women of child bearing age need preconceptional
supplementation of dietary folate? Asia Pac J Clin Nutr 13,
69–73.

30. McKillop DJ, Pentieva K, Daly D, et al. (2002) The effect of
different cooking methods on folate retention in various foods
that are amongst the major contributors to folate intake in the
UK diet. Br J Nutr 88, 681–688.

31. McNulty H & Pentieva K (2004) Folate bioavailability.
Proc Nutr Soc 63, 529–36.

32. Bassett M & Sammán N (2010) Folate content and retention in
selected raw and processed foods. Arch Latinoam Nutr 60,
298–305.

33. Hardinsyah, Suroso (2004) Micronutrient programs in
Indonesia. 25, 82–83.

34. Pfeiffer CM, Hughes JP, Lacher DA, et al. (2012) Estimation of
trends in serum and RBC folate in the U.S. population from
pre- to postfortification using assay-adjusted data from the
NHANES 1988–2010. J Nutr 142, 886–893.

35. Green TJ, Skeaff CM, Venn BJ, et al. (2007) Red cell folate and
predicted neural tube defect rate in three Asian cities. Asia Pac
J Clin Nutr 16, 269–273.

36. Chastre C, Duffield A, Kindness H, et al. (2007) The Minimum
Cost of a Healthy Diet: Findings From Piloting a New Metho-
dology in Four Study Locations. London: Save the Children UK.

37. Piccoli NB, Grede N, de Pee S, et al. (2012) Rice fortification:
its potential for improving micronutrient intake and steps
required for implementation at scale. 33, 360S–372S.

38. Yajnik CS, Deshpande SS, Jackson AA, et al. (2008) Vitamin
B12 and folate concentrations during pregnancy and insulin
resistance in the offspring: the Pune Maternal Nutrition Study.
Diabetologia 51, 29–38.

39. Food and Nutrition Board, Institute of Medicine (1998) Dietary
Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin
B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and
Choline. Washington, DC: The National Academies Press.

40. Deshmukh U, Katre P & Yajnik CS (2013) Influence of
maternal vitamin B12 and folate on growth and insulin
resistance in the offspring. Nestle Nutr Inst Workshop Ser 74,
145–154; discussion 54-56.

41. Aung PP, Ohnmar M, Hlaing MM, et al. (2010) Calcium Intake
among Myanmar residing in Bago, Kayin, and Yangon Areas.
Malays J Nutr 16, 91–100.

42. Ferguson EL, Darmon N, Fahmida U, et al. (2006) Design of
optimal food-based complementary feeding recommenda-
tions and identification of key “problem nutrients” using goal
programming. J Nutr 136, 2399–2404.

Folate and B12 status in Myanmar girls S41

https://doi.org/10.1017/S0007114515001609  Published online by Cam
bridge U

niversity Press

http://www.who.int/vmnis/indicators/serum_RBC_folate/en/
http://www.who.int/vmnis/indicators/serum_RBC_folate/en/
https://doi.org/10.1017/S0007114515001609

	Folate and vitamin B12 status and dietary intake of anaemic adolescent schoolgirls in the delta region of Myanmar
	Methods
	Dietary assessment
	Biochemical assessment
	Statistical analysis

	Results
	Discussion
	Table 1Biochemical indicators of folate and B12 status of participating anaemic adolescent girls&#x002A;(numbers and percentages)
	Table 2Nutrient intake of participants (n 391) assessed using a 3�&#x2009;�d food record(Median and 25th&#x2013;75th percentile)
	Table 3Weekly frequency of consumption of relevant food groups and sub-groups(Median values and 10th, 90th percentiles)
	Table 4Top contributing food sources of dietary folate and estimated daily intake among participating adolescent schoolgirls, determined using�an�FFQ
	Table 5Top contributing food sources of vitamin B12 and estimated daily intake among participating adolescent schoolgirls, determined using�an�FFQ
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


