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Abstract

Background: Mothers must consume a nutrient-rich diet to ensure healthy neural tube 

development during early pregnancy. Neural tube defect risk can be reduced through folic acid 

fortification of grain products and taking folic acid supplements. Fortification of grain products 

with folic acid is not required in Bangladesh, and rates of maternal supplement use are low, in line 

with other countries globally. This study evaluates maternal dietary intake during pregnancy to 

identify possible nutritional interventions.

Methods: A food frequency questionnaire (FFQ) assessed maternal diet during pregnancy. The 

primary aim compared dietary intake (calories, fat, carbohydrate, protein, fiber, vitamins, and 

minerals) between mothers of infants with myelomeningocele (cases) and mothers of controls. 

Secondary aims included (i) comparing foods consumed and (ii) evaluating if increased rice 

exposure correlated with increased arsenic exposure. Statistical tests used included paired t-tests, 

Wilcoxon signed rank tests, McNemar’s chi-square test, and linear regression.

Results: This study included 110 matched mother-infant pairs (55 cases/55 controls). Mothers of 

cases and mothers of controls had similar caloric intake [median 2406 kcal/day vs. 2196 kcal/day 

(p=0.071)]. Mothers of cases and mothers of controls consumed less than half the daily 

recommended 600 µg of folate. Diets were potentially deficient in vitamins A, D, E, potassium, 

sodium, and iron. Steamed rice was the primary food consumed for both groups, with eggs, lentils, 

and milk other common dietary components. Neither group frequently consumed certain foods 

high in folate, such as spinach, okra, and cauliflower. Increased steamed rice intake was not 

associated with increased toenail arsenic concentrations.
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Conclusions: Dietary interventions should increase folate, vitamins A, D, E, potassium, sodium, 

and iron intake in Bangladeshi mothers. Folic acid fortification of grain products may be the only 

viable strategy to achieve adequate folate intake for mothers. Given the central role of rice to the 

Bangladeshi diet, folic acid fortification of rice may be a viable option.
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INTRODUCTION

Neural tube defects are debilitating birth defects characterized by high rates of mortality and 

lifelong disabilities in surviving children. Over the past 30 years, researchers have identified 

the importance of having adequate folate intake during pregnancy to reduce neural tube 

defect risk (Hewitt et al., 1992; Castilla et al., 2003; Yi et al., 2011; Williams et al., 2015). 

Currently, pregnant women are recommended to consume 600 µg/day of dietary folate 

equivalents, which is equal to 1 µg of food folate, 0.6 µg of folic acid from food or folic acid 

supplements, or 0.5 µg of folic acid on an empty stomach (Institute of Medicine, 1998; 

Office of Dietary Supplements, no date). Foods rich in folate include meats, beans, lentils, 

spinach, eggs, and lettuce (USDA, 2018).

Landmark studies include two large-scale randomized clinical trials showing the protective 

effect of folic acid supplementation in early pregnancy on reoccurrence and first occurrence 

of neural tube defects, respectively (Medical Research Council Vitamin Study Research 

Group, 1991; Czeizel and Dudas, 1992). In the U.S., a reduction in neural tube defect 

prevalence was reported between the pre- (1995–1996) and post-folic acid food fortification 

(1999–2011) period from 4.2 to 2.9 for anencephaly and from 6.5 to 4.0 for spina bifida per 

10,000 live births (Williams et al., 2015). Food fortification in Canada reduced the incidence 

of more rostral, and therefore more severe, spina bifida presentations (De Wals et al., 2008). 

These reductions have occurred in several other countries that adopted food fortification 

(Castillo-Lancellotti et al., 2012), and higher rates of spina bifida occur in countries without 

folic acid fortification (Atta et al., 2016).

The combination of folic acid food fortification and folic acid supplement use for pregnant 

women is intended to ensure women have sufficient blood folate levels. In the United States, 

food fortification increased serum and red blood cell folate levels in post-fortification time 

periods for all tested groups (Yetley and Johnson, 2011). If women avoid eating fortified 

grains, then these potential benefits from increased folic acid intake will not be realized 

(Desrosiers et al., 2018). Similarly, not all pregnant women report taking folic acid 

supplements. Globally summaries identified supplement usage rates varying between 1% 

and 50% (Ray et al., 2004) and 0% and 78% (Toivonen et al., 2018). Regional differences 

occur in folic acid supplement use rates. For example, in North America rates varied 

between 32 to 51% and in Asia rates varied between 21 and 46% (Toivonen et al., 2018).

The reported rates of supplement use in Bangladesh are similar to the rates reported in 

countries around the world. In rural, northern Bangladesh, women who recently delivered 
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reported taking iron and folic acid supplements at rates of 46% and 55% (Nguyen et al., 

2017a). A separate, national survey in Bangladesh found 12% of women reported taking 

iron tablets during pregnancy for 4 or more months, and 11% reported taking tablets for 3 

months (Bangladesh Bureau of Statistics, 2013). Assuming these iron tablets may have 

contained folic acid, these data indicate consistent, long-term supplement use rates are low. 

Recent analysis suggests 36 weeks of folic acid supplement use is needed to reach new, 

higher steady-state red blood cell folate concentrations (Crider et al, 2019).

Many nutrients other than folate are suspected of being essential to healthy neural tube 

development. Lower intakes of plant proteins, iron, magnesium, and niacin were all 

associated with increases in spina bifida risk of 2- to 5-fold in a Dutch population (Groenen 

et al., 2004b). In this same population, spina bifida risk was 3.5-fold higher in mothers with 

serum vitamin B12 values less than or equal to 185 pmol/L (Groenen et al., 2004a). In a 

Mexican-American cohort, higher choline and betaine intake tended to reduce neural tube 

defect risk. However, Lavery et al. (2014) noted the risk estimates included the null effect 

value of 1.0. Across the United States, findings from the National Birth Defects Prevention 

Study indicated higher overall diet quality scores were associated with 0.72 (0.54–0.95 95% 

confidence interval) lower odds of spina bifida when compared to lower diet quality scores. 

Diet quality scores were calculated by giving positive and negative scores to dietary 

components, including positive scores for vegetables, grains, folate, fruits, calcium, and iron, 

and negative scores for increasing percentages of fat- and sweet-derived calories. As overall 

diet quality increased, odds for other birth defects, such as orofacial clefts, decreased as well 

(Carmichael et al., 2012). Additionally, food insecurity, a broader measure of dietary intake 

that includes several socioeconomic factors, can be considered when evaluating birth defect 

risk (Carmichael et al., 2007).

Eating fortified foods or an overall high-quality diet does not eliminate all neural tube defect 

risk. Studies estimate that less than half of neural tube defects are explained by known 

factors, such as obesity, inadequate dietary folate intake, female infant sex, and not using 

folic acid supplements (Agopian et al., 2013). Combinations of genetic and environmental 

factors, along with folate’s role as a carbon donor in one-carbon metabolism, appear to be a 

key set of interactions that require further investigation (Copp et al., 2013). The MTHFR 
gene, specifically 677 (C→T) and 1298 (A→C) variants, has received attention due to its 

role in one-carbon metabolism as a possible explanatory variable for neural tube defects 

because these variants modify homocysteine (Nguyen et al., 2017b) and serum folate 

(Nishio et al., 2008) concentrations. However, complete absence of MTHFR in knockout 

mice did not directly lead to neural tube defects (Nguyen et al., 2017b).

Arsenic exposure is one environmental factor that interacts with folate and may enhance 

neural tube defect risk. Populations in Bangladesh may be exposed to high arsenic 

concentrations due to contaminated groundwater (British Geological Survey and Department 

of Public Health Engineering [Bangladesh], 2001). Diet could be a source of arsenic 

exposure as well. Rice is a primary food consumed in Bangladesh (Waid et al., 2018), and 

rice is known to bioaccumulate environmental arsenic (Halder et al., 2014). Multiple 

experimental animal model systems have documented arsenic’s ability to induce congenital 

malformations, including neural tube defects (Ferm and Carpenter, 1968; Hood and Bishop, 
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1972; Leonard and Lauwerys, 1980; Gilani and Alibhai, 1990; Machado et al., 1999; Carter 

et al., 2003).

Ingested arsenic compounds are methylated to less toxic forms via a one-carbon metabolism 

pathway that is dependent on folate for methyl group recruitment (Gamble et al., 2005a). 

The strongest evidence supporting the role of folate in arsenic metabolism comes from a 

double-blind, placebo-controlled, folic acid supplementation trial in Bangladesh. Compared 

to those who did not receive supplements, subjects who received folic acid-supplements had 

a greater proportion of urinary arsenic excreted as dimethylarsenic acid (DMA). Having a 

greater proportion of arsenic present as DMA, as opposed to inorganic arsenic, suggested 

that a greater amount of arsenic methylation occurred in the folic acid supplementation 

group (Gamble et al., 2006). Recent work continues to support this finding that folic acid 

supplementation can increase arsenic methylation (Bozack et al., 2018).

Developing effective supplement use and food fortification strategies for Bangladesh 

requires learning more about the types of foods currently consumed. The primary aim of our 

study compared the estimated dietary intake of several nutrients (calories, fat, carbohydrate, 

protein, fiber, vitamins [including folate], and minerals) between mothers of cases and 

mothers of controls using responses to food frequency questionnaires. Secondary aims 

included: (i) comparing food intake between mothers of cases and mothers of controls and 

(ii) analyzing if increased rice exposure correlated with increased arsenic exposure. The 

findings from this study provide implications for addressing neural tube defects in low- and 

middle-income countries and those countries with environmental arsenic exposure.

METHODS

Study Sample and Case Ascertainment

We used the same case-control study sample as Mazumdar et al. (2015a, 2015b) and 

Kancherla et al. (2017). We established a program between April and November 2013 for 

identifying cases of myelomeningocele in rural communities served by Dhaka Community 

Hospital, primarily in the Munshiganj and Pabna Districts of Bangladesh. Dhaka 

Community Hospital provides health care services to the communities throughout 

Bangladesh, many of which are high priorities for arsenic remediation by the Bangladeshi 

government and nongovernmental organizations. The primary aim of the original study was 

to investigate the association between environmental arsenic exposure during pregnancy and 

risk of neural tube defects (Mazumdar et al., 2015a).

As there is no active surveillance for birth defects in Bangladesh, our case ascertainment 

strategy relied on those who presented for clinical care or who were identified otherwise by 

midwives or other health officials. Eligible cases were infants who were 1 year old or 

younger with neural tube defects. Infants with any type of neural tube defect including 

anterior neural tube defects (e.g., anencephaly) were eligible for enrollment. However, our 

study did not capture any cases of anencephaly. Most deliveries in our study area occur at 

home. Infants with anencephaly are likely to die immediately after the delivery. Mothers 

with pregnancies affected by anencephaly were less likely to be identified and enrolled 

because the infant would not survive long enough to present at a clinic. A trained 

Obrycki et al. Page 4

Birth Defects Res. Author manuscript; available in PMC 2020 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



pediatrician with expertise in classifying neural tube defects confirmed all cases by 

performing a physical examination and medical record review. This examination included 

identifying the vertebral position of the defect and the presence of other congenital 

anomalies. The pediatrician collected information regarding chromosomal abnormalities 

when it was available.

Controls (live-born infants with no neural tube defects or other congenital anomalies) and 

their mothers were randomly enrolled from the pregnancy registries of Dhaka Community 

Hospital-affiliated clinics. Cases and controls were matched (1:1) by infant sex and age (age 

differences of ± 2 months). Matching by infant age was intended to provide a control for 

temporal aspects of the study. Assuming mothers were exposed to arsenic, matching by 

infant age sought to sample mothers who had exposures at similar times in the past. For 

example, as we assessed toenail arsenic, we sought to ensure the time since birth, and by 

extension the time since exposure to arsenic that could have affected the developing fetus, 

remained as similar as possible for each case and control matched pair. Informed consent 

was obtained from parents of infants. The study was approved by the Human Research 

Committees at Boston Children’s Hospital and Dhaka Community Hospital.

Maternal Nutrient Intake During Pregnancy

Trained interviewers administered a 39-item semi-quantitative food frequency questionnaire 

(FFQ) to measure a broad array of nutrient intake of mothers throughout pregnancy. Mothers 

were asked to retrospectively estimate their dietary intake during pregnancy. The FFQ was 

conducted when infants were enrolled in the study. We used an instrument that was 

previously developed for use in rural Bangladeshi populations and validated by comparison 

to 7-day food diaries (Chen et al., 2004). This instrument has been used in epidemiological 

studies in Bangladesh in settings similar to that of our population (Chen et al., 2006; Chen et 

al., 2007; Argos et al., 2010; Pierce et al., 2011; Chen et al., 2013). When participants 

completed the FFQ, the amount of food consumed was expressed in either cups (i.e. eggs, 

rice, tomato) or pieces (i.e. fish, meat, bread). Participants indicated the amount they ate per 

meal, the number of times per day they ate this amount, and the number of times per year 

they ate this meal. Another variable collected by the FFQ was the number of times per week 

the food was consumed. As the FFQ included data on the number of times per day and 

number of times per year a food was consumed, the collected week variable was not used in 

the presented analysis.

Environmental Arsenic Exposure

Environmental arsenic exposure was assessed using water samples from the mother’s 

primary drinking source during pregnancy and mother’s toenail samples (Mazumdar et al., 

2015a; Mazumdar et al., 2015b; Tauheed et al., 2017). Trained field staff collected a water 

sample from each tubewell identified as a mother’s primary source of drinking water at the 

time when she became aware of her pregnancy. The mother identified the tubewell 

retrospectively when completing a study questionnaire. Arsenic levels from the water 

samples were quantified by inductively coupled plasma mass-spectrometry (ICP-MS) 

following the US EPA method 200.8 (Spectrum Analytical, Inc., Agawam, Massachusetts, 

USA) (Creed et al., 1994). The limit of detection for the water samples was 0.15 μg/L. 
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Toenail samples were collected from the mother when the infant was presented for care. All 

toenails were clipped using stainless steel scissors. Collected samples were stored at room 

temperature until shipped to the Harvard T.H. Chan School of Public Health for analysis. 

Samples were processed using microwave-assisted acid digestion and analyzed for arsenic 

concentrations using ICP-MS following the methods of Chen et al. (1999). The average 

detection limit for the samples was 0.14 µg/g.

Maternal Plasma Folate

Whole blood samples were collected using ethylenediaminetetraacetic acid (EDTA) tubes 

and analyzed for maternal plasma folate concentrations. Blood samples were collected from 

the mother when the infant was enrolled in the study. After centrifuging the samples at 2,000 

rpm for 12 minutes, plasma samples were aliquoted into 5 ml cryovials and stored at −20 oC. 

Samples were later shipped to the Vitamin Metabolism Laboratory at the Jean Mayer United 

States Department of Agriculture (USDA) Human Nutrition Research Center at Tufts 

University for analysis. The total folate of the plasma samples was assessed by microbial 

assay with the use of Lactobacillus casei (Kalmbach et al., 2011). Detailed methods for the 

assessment of the maternal plasma folate concentrations have been previously described 

(Mazumdar et al., 2015a; Mazumdar et al., 2015b; Tauheed et al., 2017).

Maternal Health Status

Trained interviewers asked mothers about their demographic and medical histories, 

including questions about family medical history, reproductive history, and medication use 

during pregnancy. The medication use form included questions about maternal betel nut (the 

fruit of the betel or areca palm tree) use during pregnancy and periconceptional folic acid 

use. Periconceptional folic acid use was defined as taking any folic acid supplements (with 

or without other nutrients) within the two months prior to awareness of the pregnancy. Betel 

nut is an addictive psychoactive substance that is commonly consumed among Bangladeshi 

people by chewing the wrapping products inside betel leaves or with tobacco (Gupta et al., 

2004). Previous findings indicated betel nut chewing is associated with lower plasma folate 

concentrations because betel nut use may affect folate levels through oxidative degradation 

by generating reactive oxygen species (Gamble et al., 2005b; Nair et al., 2004; Pilsner et al., 

2009). Genetic covariates related to folate metabolism, including MTHFR677 and 

MTHFR1298 variants, were compiled from existing single nucleotide polymorphisms 

analysis conducted on the study population (Mazumdar et al., 2015b). The proportions of 

MTHFR677 and MTHFR1298 variants were reported by group to evaluate the distribution 

between mothers of cases and mothers of controls.

Statistical Analysis

The study used a matched case-control design. All analyses were performed with R 

software, version 3.5.1 (http://www.r-project.org/), including the moments package (Komsta 

and Novomestky, 2015). McNemar’s Chi-squared test was used for comparing categorical 

variables. The responses for each count variable were summarized by case and control pairs 

and the McNemar Chi-squared test was calculated based on these summary tables. For 

continuous variables, either a paired t-test or a Wilcoxon Signed rank test was used. Ninety-

five percent confidence intervals were generated for both tests. The following steps were 
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used to determine when to use the parametric or non-parametric test. We generated 100,000 

random samples of 110 observations each from a normal distribution. After calculating the 

skewness and kurtosis values for these 100,000 random samples, we plotted their skewness 

and kurtosis values (Supplemental Figure 1). For all continuous variables in Tables 1, 2, and 

3, we calculated the skewness and kurtosis values and added these points to Supplemental 

Figure 1. The skewness and kurtosis values were calculated based on all observations for 

each variable, not split into case and control group. We used a decision criteria of skewness 

values greater than 2 as the cut-off for evaluating a sample using a two-sample t-test 

(skewness < 2) or Wilcoxon Signed Rank test using a continuity correction (skewness > 2). 

For interested readers, mean, medians, paired t-test p-values, and Wilcoxon Signed Rank test 

p-values are provided for all variables for which a Wilcoxon Signed Rank test was reported 

in the paper (Supplemental Table 2). Reported p-values do not account for the multiple 

statistical tests that occurred across the nutrient or the food intake analyses. For Tables 2 and 

3 in the paper, p-values meeting the criteria of q= 0.05, 0.10, and 0.15 from false discovery 

rate tests (Benjamini and Hochberg, 1995). are indicated. This statistical approach was 

applied to the following four aspects of the project.

First, summary statistics were generated to compare mothers of cases and mothers of 

controls across several variables including age of parents at delivery, maternal 

periconceptional supplement and medication use, birth location, maternal genetic status of 

MTHFR677 and MTHFR1298 variants, arsenic exposure measures, and selected child 

characteristics.

Second, mean daily nutrient intake was compared between cases and controls using the FFQ 

across several categories including total calories (Kcal), carbohydrates (g), protein (g), fat 

(g), vitamins (µg), and minerals (mg). The method of analysis followed Chen et al. (2004) 

and utilized an updated source for nutrient data specific for Bangladesh (Shaheen et al., 

2013). This nutrient table was used previously in research about Bangladesh diets (Nguyen 

et al., 2017a). The amount of food consumed per year was calculated by multiplying the 

total amount consumed per meal, the number of times per day the food was consumed, and 

the number of times per year the food was consumed. This value was divided by 365 to 

express the total food consumption on a daily basis. The amount of food expressed as either 

cups or pieces was converted to grams using data available from the USDA Food 

Composition Database (USDA, 2018). Nutrient intake was estimated by multiplying the 

grams of food consumed by the nutrient values from Shaheen et al. (2013). The nutrient 

values from Shaheen et al. (2013) were reported based on 100 g of food consumed. The 

mean daily intake in grams per food was divided by 100 prior to multiplying by the values in 

Shaheen et al. (2013). Supplemental Table 1 provides an overview for the sources of 

information used to convert the FFQ data. The estimated nutrient intake for cases and 

controls was compared to dietary reference intake values for pregnant women aged 19–30 

(Office of Dietary Supplements, no date).

Third, mean daily intake in grams for all 39 foods included in the FFQ was compared 

between cases and controls. The values for the daily intake in grams was taken from the 

previous analytical steps used to convert the FFQ results into estimated nutrient intake.
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Finally, the estimated daily dietary intake of rice was plotted against the maternal toenail 

arsenic concentration to evaluate if a trend in increasing rice consumption was associated 

with increased toenail arsenic. This trend was evaluated using linear regression comparing 

these two variables.

RESULTS

Enrollment summary

A total of 112 mother-infant pairs were enrolled, including 57 cases of myelomeningocele 

and 55 controls and their respective mothers, with participation rates of 98% among 

potential cases and 83% among potential controls (Mazumdar et al., 2015a; Mazumdar et al., 

2015b). Recruitment was stopped after 55 controls due to political unrest in Bangladesh at 

the time that made travel in rural areas unsafe. For these analyses, the 55 mother-infant 

controls were matched to 55 mother-infant case pairs based on the matching criteria 

described above (n=110).

Descriptive Characteristics

Table 1 summarizes the characteristics of our study participants. Case mothers were 2.2 

± 2.0 (95% confidence interval) years older than controls when they delivered (p=0.031). 

Control mothers were more likely to use folic acid supplements than case mothers 

(p=0.038). Control mothers reported higher arsenic exposure through toenail samples with 

an estimated median toenail arsenic 0.7 µg/g higher than cases (95% confidence interval 0.3 

to 1.3 µg/g, p=0.002). Control mothers had greater water arsenic exposure with an estimated 

median of 16 µg/L more arsenic than cases (95% confidence interval 0.1 to 37 µg/L, 

p=0.047).

The enrollment criteria for matching case and control infants by sex (p=0.999) and by ±2 

months of age (p=0.426) were met. The results suggested control infants were 0.20 ± 0.20 

kg heavier than case infants as birth (p=0.053). Plasma folate concentrations were 4.7 ng/mL 

for both cases and control mothers (p=0.918). These mean plasma folate concentrations are 

greater than the 3.0 ng/mL threshold that are commonly used to define low plasma folate 

(Yetley and Johnson, 2011).

Estimated Nutrient Intake For Cases and Controls

Both case and control mothers had difficulty meeting recommended dietary intakes (DRI) 

(Table 2). The nutrient intake status between cases and controls was similar in relation to the 

DRI. No case or control mother met all the DRI values through their diet. One case mother 

met all the DRI values except for vitamin D, vitamin E, sodium, and calcium requirements. 

No control mothers met the dietary folate requirement of 600 µg/day, but four case mothers 

met this requirement with estimated daily food folate intakes ranging from 601 µg/day to 

709 µg/day.

Across the estimated daily nutrient intakes, paired t-tests or Wilcoxon signed rank tests 

indicated there were statistically significant (p<0.05, unadjusted for multiple comparisons) 

differences between cases and controls for carbohydrates, dietary fiber, vitamin A, thiamin, 
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folate, vitamin C, vitamin E, calcium, copper, iron, and zinc (Table 2). Several additional 

variables were above a p-value of 0.05, but met False Discovery Rate tests at q=0.15, 

including total energy, Vitamin A1, niacin, and magnesium (Table 2).

However, it can be more useful to compare the dietary intakes between mothers of cases and 

mothers of controls in relation to the listed DRI because this comparison is useful for 

contextualizing the differences between cases and controls. Three outcomes are possible: (i) 

both case and control mothers have group means/medians at or above the DRI, (ii) below the 

DRI, or (iii) one group is above and one is below. For example, mothers of cases were 

estimated to consume a median of 46 µg/day more folate from their diets than mothers of 

controls (95% confidence interval 12.8 to 79.6 µg/day, p=0.005. Neither mothers of cases 

nor mothers of controls consumed close to the recommended 600 µg/day folate. Testing 

separate one-sample Wilcoxon signed rank tests against the alternative of 600 µg/day 

showed cases (p=2.0*10−10) and controls (p=1.1*10−10) were both below this recommended 

level.

Mothers of cases and mothers of controls consumed, on average, sufficient carbohydrates, 

protein, riboflavin, niacin, vitamin B6, vitamin C, calcium, copper, magnesium, phosphorus, 

and zinc intakes at levels at or above the DRI. We did not analyze these nutrients further 

because the FFQ estimated that, on average, mothers of cases and mothers of controls had a 

diet that already provided these nutrients in sufficient quantities. The nutrients for which 

cases and controls were both below the DRI when analyzed using either one sample t-tests 

or one sample Wilcoxon signed rank tests were folate (discussed above), vitamin A, vitamin 

D, vitamin E, iron, potassium, and sodium. All p-values for cases or controls relative to the 

DRI for these nutrients were at least as small as or smaller than p = 3.5*10-8. Mothers of 

cases and mothers of controls were estimated to have diets deficient in folate, vitamin A, 

vitamin D, vitamin E, iron, potassium, and sodium based on the FFQ results.

The final two nutrients in Table 2 with DRI values were fiber and thiamin. Case mothers’ 

consumption of fiber and thiamin was on average at or above the DRI. Control mothers’ 

consumption was below the DRI for fiber using a one sample Wilcoxon signed rank test 

(95% confidence interval 24.1 to 27.1 g, p=0.005). Control mothers were also below the DRI 

for thiamin using a one sample t-test (95% confidence interval 1.22 to 1.38 mg, p=0.016).

Estimated Food Intake For Cases and Controls

Rice was the primary food consumed for case and control mothers (Table 3). In addition to 

rice, both diets for case and control mothers included eggs, lentils, and milk as commonly 

consumed foods. Table 3 provides the mean daily food intakes sorted by case mother results. 

Across the 39 foods asked about on the FFQ, 9 foods showed a statistical trend towards 

cases or controls with p-values of 0.05 or less, including eggs, water rice, banana, jackfruit, 

tomato, small fish, dried fish, brinjal (eggplant), and snake gourd. Six of these trends were 

based on Wilcoxon Signed Rank tests, demonstrating the variability in food group 

consumption seen in this study.

Case mothers consumed higher quantities of water rice, eggs, bananas, jackfruit, tomatoes, 

brinjal, and snake gourds. Case mothers consumed an estimated median of 62 grams of 
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water rice more than controls (95% confidence interval 19 to 121 grams, p=0.004). Case 

mothers consumed 26 ± 21 grams of eggs more than controls (p=0.020). Banana 

consumption by case mothers was a median of 28 grams more than control mothers (95% 

confidence interval 5 to 49 grams, p=0.017). Jackfruit consumption by case mothers was a 

median of 16 grams more than control mothers (95% confidence interval 5 to 46 grams, 

p=0.002). Case mothers consumed a median of 8 grams more tomatoes than control mothers 

(95% confidence interval 1 to 15 grams, p=0.021). Case mothers consumed a median of 4 

grams more brinjal (eggplant) than control mothers (95% confidence interval 0.4 to 8 grams, 

p=0.033). Case mothers consumed 2 ± 1 (95% confidence interval) more grams of snake 

gourds than control mothers (p=0.028).

Control mothers consumed higher quantities of small fish (p<0.001) and dried fish 

(p=0.001). Given the 39 pairwise comparisons occurring in Table 3, a p-value of 0.001 could 

be used as a decision criteria, rather than 0.05, to account for these multiple comparisons 

(0.05/39). In this case, the only true differences between case and control mothers were 

related to fish consumption. Control mothers consumed 26 ± 10 (95% confidence interval) 

grams per day of smaller fish more than cases (p<0.001). With dried fish, control mothers 

consumed a median of 19 more grams than cases (95% confidence interval 9 to 28 grams, 

p=0.001). The pairwise comparisons were also evaluated using False Discovery Rate 

criteria. Small fish, dried fish, jackfruit, and water rice consumption met the False Discovery 

Rate criteria of q=0.05, and eggs, banana, tomato, brinjal, and snake gourd met criteria for 

q=0.15.

Table 3 also provides the estimated folate (µg in 100 g food) from Shaheen et al. (2013). 

Most of the foods consumed by case and control mothers in the highest quantities, such as 

rice, are not foods that have higher folate concentrations. Beans and spinach are two foods 

with higher folate contents, but these were not frequently consumed by either case or control 

mothers.

For comparison, Table 3 includes the estimated daily food intakes for the four case mothers 

who were estimated to consume sufficient folate through their diets. These four case mothers 

consumed high folate foods, such as eggs, mango, guava, green papaya, beans, bitter gourd, 

and okra. However, the standard deviation associated with each of these high folate foods 

indicates that these four mothers did not follow the same type of diet to achieve an estimated 

daily folate intake greater than 600 µg.

Nutritional Associations with Arsenic Exposure

As rice was the primary food consumed for both mothers of cases and mothers of controls, 

arsenic exposure could be occurring due to high rice consumption relative to the other foods 

in the FFQ (Table 3). Though mothers of cases and mothers of controls consumed similar 

amounts of steam rice (Table 3), mothers of controls were estimated to have higher toenail 

arsenic concentrations (Table 1). A main effect of increasing toenail arsenic due to 

increasing steamed rice consumption was not evident across mothers in the study (Figure 1). 

A linear regression comparing the amount of steam rice consumed per day as a predictor for 

toenail arsenic concentration was not significant (p=0.642). Responses tended to bunch at 7 

cups per day of steamed rice. Two respondents were estimated to consume more than 10 
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cups of rice per day and were not included in the plot to allow for a better visual analysis of 

the majority of respondents. All respondents were included in the linear regression line 

shown in Figure 1.

DISCUSSION

The primary finding in our study is that nutritional intake of folate was less than half the 

recommended intake of 600 µg/day for both mothers of cases and mothers of controls, 

underscoring the need to expand folic acid supplementation programs and folic acid 

fortification of food products in Bangladesh to prevent neural tube defects. Foods high in 

folate were not frequently consumed, including spinach, okra, bitter gourd, cauliflower, and 

beans. However, the lower dietary folate intake was not directly associated with neural tube 

defects as mothers of cases were estimated to consume a median of 46 µg/day more folate 

than mothers of controls (p=0.005). Seventy-one percent of control mothers reported 

consuming periconceptional folic acid supplements compared to 49 percent of case mothers 

(p=0.038). Even with these differences in dietary folate intake and supplement use, both case 

and control mothers had similar plasma folate levels of 4.7 ng/mL when measured post-

pregnancy (p=0.918). For the four mothers of cases estimated to consume sufficient folate 

from their diets (>600 µg/day), their postpartum plasma folate measurements ranged from 

1.1 to 8.9 ng/mL with a mean of 5.1 and median of 5.2 ng/mL. More research is needed to 

match current dietary choices and plasma folate levels in these mothers.

Along with this finding, a secondary finding is that several other dietary components were 

not consumed in sufficient quantities for both cases and controls, including vitamin A, 

vitamin D, vitamin E, iron, potassium, and sodium. Sodium values may be lower than actual 

because the FFQ did not directly ask about salt added to meals or use of canned foods. 

Given that no mother in either case or control groups met all DRI recommendations, there 

may be underlying limitations in the types of foods available to pregnant women in 

Bangladesh to meet their nutritional requirements. Foods high in vitamins A (i.e. sweet 

potato, spinach), vitamin D (fish), vitamin E (nuts and oils), iron (beans, lentils, spinach, 

fish), and potassium (apricots, lentils, prunes, squash) were not consumed frequently or were 

not directly asked about on the FFQ (Office of Dietary Supplements 2018a, 2018b, 2018c, 

2018d, 2018e). Increasing folate, iron, and vegetable consumption would likely increase the 

women’s dietary quality index scores as these factors were all positively scored in a previous 

index approach (Carmichael et al., 2012). An index score approach may be useful for future 

research in Bangladeshi populations to better understand the overall dietary composition of 

pregnant mothers.

These dietary results are similar to previously estimated nutrient intakes collected in 

Bangladesh (Nguyen et al., 2017a). Nguyen et al. (2017a) surveyed 600 pregnant women, 

split them into 2 treatment groups of 300 each, and measured their dietary intakes before and 

after a planned dietary intervention. Their reported baseline conditions provide comparative 

data for this current study. Pregnant women were estimated to consume approximately half 

of the recommended 600 µg/day of folate, with reported means of 309 and 287 µg/day. Other 

vitamins that below recommended intakes included calcium, iron, zinc, riboflavin, vitamin 

B-12, and vitamin A. Nguyen et al. (2017a) did not estimate consumption for vitamins D 
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and E. The pregnant mothers consumed approximately 2,300 kcal/day in both treatment 

groups during the baseline sampling. This daily caloric intake is similar to the estimated 

intakes of 2,556 and 2,218 kcal/day estimated from this current study with one sample 

Wilcoxon Signed Rank test p-values of 0.095 for cases and 0.173 for controls against an 

alternative value of 2,300 kcal/day.

Sufficient intakes of several nutrients are required for healthy neural tube development. 

Bangladesh is known to have high prevalence of chronic malnutrition (Shannon et al., 2008; 

Goudet et al., 2011), and believed to have a high prevalence of neural tube defects 

(Christianson et al., 2006). Previous studies have shown that lower intake of protein, vitamin 

B2 (riboflavin), vitamin B3 (niacin), vitamin B12, choline, betaine, vitamin C, vitamin E, 

iron, and magnesium are associated with increased risk of neural tube defects (Groenen et 

al., 2004a; Groenen et al., 2004b; Carmichael et al, 2010; Lavery et al., 2014). Our study 

showed low dietary intake of vitamins A, D, E, iron, potassium, and sodium across cases and 

controls, suggesting that there may be additional opportunities for nutritional interventions 

to prevent neural tube defects. Of note, findings of these studies and this current study may 

not be directly comparable due to the heterogeneity of study sample characteristics (e.g., 

obese vs. malnourished populations).

The combination of a dietary intervention with increased folic acid food fortification, such 

as rice, could be considered for ensuring adequate nutrient intakes, particularly due to the 

central role that rice plays in the Bangladeshi diet (Table 3). Increasing bean and spinach 

intakes, along with other foods higher in folate than rice, would be helpful, but this might 

not be achievable in all Bangladeshi households. Providing folic acid fortification of rice 

may be a suitable intervention given the high intakes of rice reported for cases and controls. 

Increasing dietary intake of rice, particularly if the rice is grown in arsenic polluted water, 

could increase arsenic exposure. However, increasing estimated steamed rice consumption 

did not lead to increased toenail arsenic concentrations for cases and controls (Figure 1).

Previous dietary interventions increased the likelihood for having adequate nutrient intake in 

a study involving pregnant women in Bangladesh (Nguyen et al. 2017a). Following a 

nutrition-focused Maternal, Neonatal, and Child Health (MNCH) intervention, the likelihood 

for achieving adequate intake of several necessary vitamins and minerals increased, 

including for folate, calcium, iron, vitamin C, and vitamin A. Consumption of pulses (+89 g/

day), dairy (+93 g/day), meat (+27 g/day), eggs (+20 g/day), and dark-green leafy vegetables 

(+200 g/day) all increased following the intervention. For many of these foods, the effect 

size was almost a doubling of intake from previously consumption estimates (Nguyen et al., 

2017a).

Nutritional interventions could be paired with encouraging supplement use to increase the 

likelihood for women in Bangladesh to meet nutritional requirements. However, previous 

studies in Bangladesh have noted efforts to increase supplement use have not always been 

successful. Rural, married women in Bangladesh were found to have low iron levels, with 

over one-third of sampled women anemic (Khambalia et al., 2009b). Providing pregnant 

women with iron and folic acid supplements (IFA) did not reduce anemia or increase iron 

status when measured at 15 weeks gestation (Khambalia et al., 2009a). The supplements did 
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have the intended effect of reducing anemia and increasing iron stores in non-pregnant 

women (Khambalia et al., 2009a). Khambalia et al. (2009) noted that pregnant women’s low 

adherence to routinely taking the supplements could have reduced the beneficial effect of 

folic acid supplements.

Multiple barriers exist for ensuring adherence to new diets or to routine supplement use, 

including mothers’ perceptions of risks due to low nutrient intakes, awareness and access to 

anenatal care, and sufficient supplement supplies (Siekmans et al., 2018). Two factors that 

can help overcome these barriers include community-based supplement delivery methods 

and including family-members in the nutritional and supplement programs (Goudet al., 

2018). Nutritional interventions that involved husbands helped improve nutritional outcomes 

for pregnant wives (Nguyen et al., 2018).

Ensuring mothers in Bangladesh are getting adequate folate levels could have multiple 

benefits. Theoretically, a mother with higher arsenic exposure in Bangladesh may require 

greater folate intake to address two potential health risks. First, the mother may need 

additional folate to methylate arsenic to prevent negative health effects from the arsenic 

exposure. Second, the mother will need sufficient folate to reduce neural tube defect risks. In 

agreement with existing recommendations for folic acid supplementation, our previous work 

in Bangladesh suggested prenatal folic acid supplement use was protective for 

myelomeningocele, with an adjusted odds ratio of 0.43 (0.18–1.02 95% confidence interval) 

(Kancherla et al., 2017). This finding is consistent with many other studies of neural tube 

defects.(Hewitt et al., 1992; Castilla et al., 2003; Yi et al., 2011; Williams et al., 2015). 

Though we did not find a direct main effect of arsenic exposure on myelomeningocele risk, 

our findings suggested that arsenic may increase the risk of myelomeningocele by reducing 

the effectiveness of folic acid supplementation (Mazumdar et al., 2015a; Mazumdar et al., 

2015b). Therefore, increasing folic acid supplement use and folic acid fortification of food 

products may be needed to provide a protective effect against higher arsenic concentrations.

Our study suggests that folic acid supplementation and fortification is needed in this 

population to ensure sufficient folate intakes in pregnant mothers. These efforts should be 

paired with dietary intervention strategies to increase intakes of vitamins A, D, and E, along 

with iron, potassium, and sodium. Of the foods listed on the FFQ, the ones with the highest 

concentration of vitamin A were sweet potatoes, spinach, pumpkin, and egg. Vitamin D is 

found most often in fish, eggs, and meat, and vitamin E is found in spinach, eggs, and 

pumpkins. Based on the foods shown in Table 3, mothers in Bangladesh could be 

encouraged to shift their consumption away from cereals such as rice in exchange for an 

increase in fish, eggs, meat, and vegetable intake. There are multiple socioeconomic factors 

that affect food access, and these factors would need to be explored in future studies.

Study Strengths and Limitations

This study has multiple strengths. First, this study successfully collected dietary recall data 

from mothers of infants diagnosed with myelomeningocele. If there are future efforts aimed 

at dietary interventions to help reduce neural tube defects in Bangladesh, this study provides 

data that may help inform best methods for achieving adequate folate intake. Second, this 

study collected arsenic exposure data through toenail and water samples in combination with 
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the dietary recall data. These findings will be of interest to future research projects 

evaluating potential arsenic exposure sources through diet. By identifying the foods most 

frequently consumed by mothers, researchers could use a targeted approach to analyze these 

primary foods for arsenic content. Finally, another strength of this study is that it continues 

to provide data on birth defects in Bangladesh, a country that does not have a nationwide 

birth defects registry. Even with a modest sample size of 55 infants with myelomeningocele, 

this study contributes to the limited information about birth defects in Bangladesh.

Our study has some limitations. Due to the lack of birth defect surveillance in Bangladesh, 

our study was based on livebirths only and our cases, therefore, represent a less severe 

phenotype. It is possible that environmental and nutritional exposures have different 

associations with risk in more severely affected cases, and these potential associations are 

not captured in our study design. Future research projects on neural tube defects in 

Bangladesh should consider expanded recruitment procedures, such as large cohort studies 

that capture all pregnancies to identify cases to reduce potential sampling bias.

Another important limitation is recall bias. The FFQ specifically queried dietary intake 

during pregnancy, but the questionnaire was administered after the infant was born. The 

average age for case infants was 175 days and control infants was 240 days (Table 1). 

Mothers were asked to retrospectively estimate their dietary intake during pregnancy, which 

occurred generally between 6 months and 12 months prior to participating in the study. 

Pairing the FFQ with additional dietary sampling and analysis from pregnant women could 

help overcome some of the challenges with relying on retrospective FFQs alone (Hackett 

2011; Kristal et al. 2005). The FFQ asked about 39 food items, but there could have been 

other items that were consumed by women but not reported because they were not included 

on the FFQ. Future studies could also better differentiate between foods consumed at the 

household level and the individual level. For example, an individual might not consume 

nearly 1 kg of rice per day (Table 3), but this amount might be prepared for an entire 

household. In addition, mother’s blood samples were collected during the participant’s 

enrollment which was after childbirth. Accordingly, plasma folate levels may not directly 

reflect the status of food intake and prenatal folic acid supplement use during pregnancy.

CONCLUSIONS

We used a validated food frequency questionnaire in a rural Bangladeshi population to 

assess dietary risk factors for neural tube defects among mothers. Though we did not find a 

particular pattern of dietary intake that was associated with increased risk of neural tube 

defects in our study sample, our population had very low dietary intake of folate and other 

micronutrients known to be associated with increased risk of neural tube defects. Our study 

supports current recommendations for folic acid supplementation and folic acid fortification 

of food products. As rates of supplement use in Bangladesh are low, one important consider 

could be rice fortification with folic acid because rice is a central part of the Bangladeshi 

diet. In addition, increasing dietary intake of vegetables and proteins could help address 

vitamins A, D, and E, iron, sodium, and potassium levels as well. Case and control mothers 

were estimated to consume less than half of the recommended daily folate intake of 600 µg, 
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demonstrating that nutritional intervention is needed to improve maternal health in 

Bangladesh and reduce rates of neural tube defects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Comparison between estimated steam rice consumption from the Food Frequency 

Questionnaire and maternal toenail arsenic concentration with the regression line plotted 

(p=0.643). Horizontal axis plotting range truncated to remove two outlying values of an 

estimated >20 cups of steam rice per day.
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Table 1.

Comparison of sample characteristics between matched pair cases and controls.

Characteristics Cases (n=55) Controls (n=55) p-value†

Parental Characteristics

Mother’s Age at Delivery (Years) 24.5 22.3 0.031

Father’s Age at Delivery (Years) 32.4 31.5 0.432

Periconceptional Folic Acid Use (# Yes) 27 39 0.038¶

Periconceptional Vitamin Use (# Yes) 21 27 0.327¶

Mother’s Betel Nut Use during Pregnancy (# Yes) 6 1 0.131¶

Any Medication Use during Pregnancy (# Yes) 26 32 0.361¶

Place of Birth (# Yes) 0.161¶

  Home 27 21

  Birth center 15 11

  Hospital 13 23

Reported Ultrasound During Pregnancy (# Yes) 46 50 0.387¶

Plasma Folate (ng/mL) 4.7 4.7 0.918††

Maternal MTHFR677 / MTHFR1298 variants‡ §

CC / AA 17 15

CT / AA 6 5

TT / AA 0 1

CC / AC 11 23

CT / AC 4 6

CC/ CC 15 5

Water Arsenic Concentrations (μg/L) 20.5 49.4 0.047††

Toenail Arsenic Concentrations (μg/g) 1.0 2.1 0.002††

Infant Characteristics

Birth weight (kg) 2.6 2.8 0.053

Age at Enrollment (days) 175 240 0.426‡‡

Female (# Yes) 23 23 0.999¶

First Born (# Yes) 23 25 0.823¶

Toenail Arsenic Concentrations (μg/g) 0.58 0.75 0.321

†
Reported p-value for comparison between cases and controls using a paired t-test unless indicated differently.

‡
MTHFR variants only available for 53 of 55 cases.

§
Insufficient counts in multiple cells to conduct the McNemar test. Further reducing the number of categories to 4 [(1)677CC 1298AA, (2) 677CC 

1298AC + 677CC 1298CC, (3) 677CT 1298 AA + 677TT + 1298 AA, (4) 677CT 1298AC] did not result in sufficient counts in cells for the 
McNemar test.

¶
McNemar’s Chi-squared test used for comparison.
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††
Wilcoxon Signed Rank test used for comparison.

‡‡
Indicated p-value is for a paired t-test against the alternative of 60 days difference to test if the ± 2 month age at enrollment criteria was followed 

in the study.

Birth Defects Res. Author manuscript; available in PMC 2020 August 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Obrycki et al. Page 23

Table 2.

Estimated mean and standard deviation for daily intake of total kilocalories, macronutrients, vitamins, and 

elements, from dietary sources only for mothers of cases and mothers of controls using the Food Frequency 

Questionnaire.

Nutrients Cases (n=55) Controls (n=55) DRI† p-value¶

Total Energy (Kcal) 
§§c

2545 ± 1180
2218 ± 530 ND 0.071††

Macronutrients

Carbohydrates (g) 
§§a

377 ± 267
292 ± 77 175 0.002††

Protein (g) 148 ± 57 159 ± 55 71 0.272

Fat (g) 41 ± 18 40 ± 16 ND 0.691

Dietary Fiber (g) 
§§a

34 ± 15
26 ± 8 28† <0.001††

Percent Carbohydrate (%) 59 53

Percent Protein (%) 23 29

Percent Fat (%) 15 16

Vitamins

Vitamin A (µg)‡ 
§§b 471 ± 211 406 ± 151 770 0.049

Vitamin A1 (µg) 
§§c 343 ± 183 293 ± 122 ND 0.065

Thiamin (Vitamin B1) (mg) 
§§a 1.5 ± 0.4 1.3 ± 0.3 1.4 0.008

Riboflavin (Vitamin B2) (mg) 1.8 ± 0.6 1.8 ± 0.6 1.4 0.615

Niacin (Vitamin B3) (mg) 
§§c 25 ± 12 21 ± 9 18 0.087††

Vitamin B6 (mg) 2.1 ± 0.7 1.9 ± 0.6 1.9 0.131

Dietary Folate (Vitamin B9) (µg) 
§§a 297 ± 125 242 ± 81 600 0.005††

Vitamin D (µg) 
§§b 4.8 ± 2.5 3.9 ± 2.0 15 0.023

Vitamin C (mg) 
§§a 205 ± 217 144 ± 110 85 0.013††

Vitamin E (mg) 
§§b 4.8 ± 2.0 4.1 ± 1.9 15 0.018††

Elements

Calcium (mg) 
§§a 1017 ± 558 1377 ± 680 1000 0.001

Copper (mg) 
§§a 3.3 ± 1.1 2.9 ± 0.7 1 0.010††

Iron (mg) 
§§b 18 ± 6 20 ± 8 27 0.048

Magnesium (mg) 
§§c 488 ± 185 433 ± 123 350 0.100††

Phosphorus (mg) 1757 ± 557 1716 ± 505 700 0.687

Potassium (mg) 3135 ± 941 2946 ± 1128 4700† 0.317††

Sodium (mg) 570 ± 186 530 ± 165 1500† 0.247

Zinc (mg) 
§§b 17 ± 7 14 ± 5 11 0.036††
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†
Dietary Reference Intakes for pregnant women aged 19–30 (Office of Dietary Supplements, no date). Values marked with † are Adequate Intakes 

(AI). All other values are the Recommended Dietary Allowance (RDA) and data not available is indicated as No Data (ND).

‡
Reported as Retinol Activity Equivalent.

§
Percent total energy intake for carbohydrates, proteins, and fat estimated by 4 kcal/g for carbohydrates and proteins and 9 kcal/g for fat.

¶
Reported p-value for comparison between cases and controls using a paired t-test unless indicated differently.

††
Reported p-value from a Wilcoxon Signed Rank test.

§§a
Meets criteria for False Discovery Rate test at q=0.05, q=0.10, and q=0.15.

§§b
Meets criteria for False Discovery Rate test at q=0.10 and q=0.15.

§§c
Meets criteria for False Discovery Rate test at q=0.15 and above.
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Table 3.

Mean food intake in grams with standard deviations for mothers of cases and mothers of controls with the 

estimated folate intake per food item sorted in descending order for cases intake.

Food Frequency 
Questionnaire Item

Cases (n=55) Controls (n=55) p-value† Cases Meeting Folate Requirement 
(n=4)

Estimated Folate 
mcg in 100 g food‡

Steam Rice 1082 ± 1090 828 ± 236 0.107§ 965 ± 98 3

Eggs¶††b 117 ± 75 91 ± 48 0.020
201 ± 117

45

Lentil 113 ± 52 105 ± 49 0.349 95 ± 52 9

Milk 113 ± 83 134 ± 66 0.171 194 ± 128 9

Water Rice
††a 80 ± 110 26 ± 47 0.004§ 150 ± 129

3

Poultry 76 ± 63 73 ± 70 0.811 86 ± 60 7

Banana
††b 75 ± 73 68 ± 198 0.017§ 177 ± 182

20

Red Meat 71 ± 83 69 ± 74 0.975§ 98 ± 136 9

Potato 61 ± 29 60 ± 15 0.667§ 56 ± 16 11

Mango¶ 59 ± 82 44 ± 64 0.209§ 304 ± 107 71

Jackfruit
††a 44 ± 91 8 ± 14 0.002§ 149 ± 209

24

Guava¶ 32 ± 67 18 ± 25 0.127§ 137 ± 198 49

Big Fish 31 ± 33 29 ± 28 0.744 23 ± 22 0

Watermelon 30 ± 55 16 ± 24 0.116§ 133 ± 139 3

Green Papaya¶ 29 ± 32 22 ± 22 0.222 70 ± 56 58

Salted Fish 27 ± 31 23 ± 23 0.432§ 32 ± 32 14

Tomato
††b 24 ± 27 14 ± 12 0.021§ 39 ± 32

15

Small Fish
††a 21 ± 28 46 ± 37 <0.001

1 ± 1
30

Yam 19 ± 24 22 ± 19 0.411 8 ± 9 23

Dried Fish
††a 19 ± 43 33 ± 32 0.001§ 1 ± 1

0

Bean¶ 14 ± 17 9 ± 6 0.133§ 19 ± 16 96

Brinjal
††b 13 ± 13 8 ± 8 0.033§ 24 ± 9

34

Wheat Bread 12 ± 16 14 ± 14 0.580 <1 ± <1 29

Bottle Gourd 12 ± 11 14 ± 17 0.608§ 17 ± 11 6

Cauliflower¶ 12 ± 7 10 ± 7 0.162 14 ± 8 57

Bitter Gourd¶ 11 ± 15 6 ± 6 0.079§ 40 ± 32 45

Cabbage 9 ± 6 8 ± 5 0.197 11 ± 5 43

Pumpkin 8 ± 8 8 ± 6 0.964 17 ± 16 16

Okra¶ 7 ± 8 7 ± 11 0.928§ 21 ± 16 60

Puff Rice 6 ± 5 7 ± 5 0.241 2 ± 3 12
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Food Frequency 
Questionnaire Item

Cases (n=55) Controls (n=55) p-value† Cases Meeting Folate Requirement 
(n=4)

Estimated Folate 
mcg in 100 g food‡

Parwar 5 ± 5 6 ± 12 0.506§ 13 ± 10 16

Snake Gourd
††b 4 ± 4 2 ± 4 0.028

8 ± 7
16

Ridge Gourd 4 ± 4 4 ± 6 0.520§ 8 ± 7 7

Radish 4 ± 5 4 ± 6 0.899§ 2 ± 2 25

Ghosala 4 ± 5 3 ± 3 0.818§ 2 ± 4 7

Sweet Potato 3 ± 8 4 ± 9 0.188§ 1 ± 2 7

Spinach Stalk¶ 1 ± 1 1 ± 1 0.838 2 ± 1 194

Spinach¶ 1 ± 1 1 ± 1 0.684§ 1 ± 1 194

Tea 1 ± 1 1 ± 2 0.661§ 2 ± 1 1

†
Reported p-value comparing cases and controls using a paired t-test unless indicated.

‡
From Shaheen et al., 2013.

§
Reported p-value from a Wilcoxon Signed Rank test.

¶
Food has a folate concentration in the top quartile of foods listed (>44 µg per 100 g).

††a
Meets criteria for False Discovery Rate test at q=0.05, q=0.10, and q=0.15.

††b
Meets criteria for False Discovery Rate test at q=0.15. No variables were in the range of meeting criteria for both q=0.10 and q=0.15 only as 

occurred in Table 2.
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