
Women’s periconceptional diet and risk of biliary atresia in 
offspring

Suzan L. Carmichael1, Chen Ma1, Alissa R. Van Zutphen2,3, Cynthia A. Moore4, Gary M. 
Shaw1, and the National Birth Defects Prevention Study
1Division of Neonatology and Developmental Medicine, Department of Pediatrics, Stanford 
University School of Medicine

2Bureau of Environmental and Occupational Epidemiology, New York State Department of Health, 
Albany, NY

3Department of Epidemiology and Biostatistics, University at Albany School of Public Health, 
Rensselaer, NY

4National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control 
and Prevention, Atlanta, GA

Abstract

INTRODUCTION—We examined the association of biliary atresia with maternal dietary intake, 

using National Birth Defects Prevention Study (NBDPS) data from 152 cases and 11,112 non-

malformed controls born 1997–2011.

METHODS—NBDPS is a multi-site, population-based case-control study. Exposure data were 

from maternal telephone interviews, which included a food frequency questionnaire. Odds ratios 

(OR) and 95% confidence intervals (CI) were generated from logistic regression models that 

included nutritional factors as continuous variables and were adjusted for energy intake only or 

energy intake plus covariates (maternal race-ethnicity, education, age, pre-pregnancy body mass 

index, vitamin/mineral supplement intake, conception during summer). Models included a 

quadratic term for the nutrient if p<0.10. ORs reflect odds of having biliary atresia for nutrient 

values at the 75th compared to 25th percentile values of each nutrient, based on distributions 

among controls.

RESULTS—ORs for which the 95% CI excluded 1.00 were energy-adjusted ORs for calcium 

(0.63), protein (0.65), riboflavin (0.71), and diet quality index (0.69), and fully adjusted ORs for 

calcium (0.68) and vitamin E (0.72). ORs that were fully adjusted for covariates tended to be 

closer to 1.0 than ORs adjusted only for energy intake. ORs for the other studied nutrients had 

95% CIs that included 1.00.

CONCLUSIONS—NBDPS is the first study to include detailed information on maternal dietary 

intake and risk of biliary atresia. Our results suggest reduced risks associated with some nutrients, 
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which may provide etiologic clues but should be interpreted with caution given the small number 

of cases and novelty of the investigation.
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INTRODUCTION

Biliary atresia refers to a neonatal condition in which the passage of bile from the liver to the 

small intestine is blocked, due to sclerosis or stenosis of extrahepatic bile ducts. The first 

signs, which appear in the first few weeks of life, are jaundice and acholic stools. The 

condition was fatal until the introduction of the Kasai hepatoportoenterostomy, which 

restores bile flow, in 1955 (Jimenez-Rivera and others, 2013). The prevalence of biliary 

atresia is 5–10 per 100,000 births, and it is the number one reason for pediatric liver 

transplant (Schreiber and Butler, 2017). More than 70% of individuals with biliary atresia 

ultimately require a liver transplant (Arnon and others, 2016; McDiarmid and others, 2004).

Etiologies of biliary atresia are not well-described but likely to be multifactorial with genetic 

and environmental contributors (Ningappa and others, 2015). One hypothesis is that an 

exaggerated immune response or infection lead to inflammation and obliteration of the 

biliary tree. Other studies suggest that biliary atresia may result from genetic susceptibilities 

that affect structural development (Ningappa and others, 2015). Onset may occur as early 11 

to 13 weeks gestation, when the bile ducts begin to develop (Asai and others, 2015), but 

timing likely varies depending on the underlying etiology. Epidemiologic studies are 

conflicting with respect to risk factors such as maternal age, race-ethnicity, age, infection 

and seasonality (Caton and others, 2004; Jimenez-Rivera and others, 2013; The and others, 

2007). We are aware of one previous study that examined whether biliary atresia risk was 

associated with maternal nutritional factors. It used data from the National Birth Defects 

Prevention Study (NBDPS) and observed an association with maternal intake of several 

nutrients, but risk estimates tended to be imprecise (The and others, 2007).

The current analysis is a follow-up of the previous NBDPS analysis of maternal nutrient 

intake, which included 62 cases who were born from 1997–2002 (The and others, 2007). 

The current study includes data from 152 NBDPS cases classified as non-syndromic, born 

1997–2011. Given prior findings regarding the potential contribution of the inflammatory 

and immune response to biliary atresia, we examined nutrients that may impact these 

pathways (e.g., selected anti-oxidants, B vitamins, and minerals). Given the uncertain 

etiology of biliary atresia, we also examined nutrients that are emphasized during pregnancy 

(e.g., protein, calcium, iron); glycemic index due to known associations of various birth 

defects with maternal glycemic control; and diet quality, a summary indicator of dietary 

intake. Our hypothesis was that higher intake would be associated with lower risk, with the 

exception of glycemic index, which we hypothesized would be associated with higher risk.
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METHODS

The NBDPS is a multi-site population-based case-control study of major congenital 

malformations that collected data from women with estimated dates of delivery from 

10/1/1997 to 12/31/2011. Study methods have been published (Reefhuis and others, 2015; 

Yoon and others, 2001). This analysis includes cases with biliary atresia, extrahepatic or not 

otherwise specified, diagnosed and confirmed postnatally by ultrasound, CT, MRI, 

hepatobiliary iminodiacetic acid (HIDA) scan, surgery, or autopsy (intrahepatic cases were 

not eligible). Cases with known or strongly suspected single gene conditions, chromosome 

abnormalities, multiple situs anomalies or heterotaxy were ineligible. Each eligible case was 

reviewed by a clinical geneticist and classified as isolated (i.e., no other major anomalies 

unrelated to biliary atresia) or non-isolated (i.e., at least one additional major unrelated 

anomaly). Each NBDPS site randomly selected as controls approximately 100 liveborn 

infants without major birth defects per study year from birth certificates (Arkansas, Georgia, 

Iowa, Massachusetts, New Jersey, North Carolina, Utah) or birth hospitals (California, New 

York, Texas) to represent the population from which cases were derived.

Maternal interviews were conducted using a standardized, computer-based questionnaire, 

primarily by telephone, in English or Spanish, from 6 weeks to 24 months after the 

estimated date of delivery. Participation among eligible mothers was 68% for biliary atresia 

cases and 64% for controls. Interview data were available for mothers of 202 cases and 

11,829 controls. Median time from date of delivery to interview was 13 months for cases 

(interquartile range 9–17 months) and 7 months for controls (interquartile range 5–12 

months). We excluded the 30 non-isolated cases from analyses, leaving 172 isolated cases 

(all were live births).

Average intake of foods was assessed by a validated 58-item food frequency questionnaire 

(FFQ) developed by Willett and colleagues for The Nurses’ Health Study.(Willett and others, 

1985) Women reported their average intake during the year before they became pregnant. 

Intake of breakfast cereals, sodas, and food supplements were assessed by separate, more 

detailed questions, which covered intake during the three months before pregnancy. Food 

supplements (e.g., powdered drink supplements) were not included in nutrient calculations, 

since nutrient data were not available for many of these products; 12% of women consumed 

these types of products. The USDA nutrient database version 27 was used to obtain nutrient 

intake values (USDA-Agricultural-Research-Service, 2012). We excluded women whose 

energy intakes were less than 500 kcal or greater than 5,000 kcal or had more than one food 

item missing from the food frequency questionnaire.

We selected the following nutritional factors for study: alpha- and beta-carotene, betaine, 

calcium, choline, folate, glycemic index, iron, lutein, methionine, niacin, protein, riboflavin, 

thiamin, vitamins A, B6, B12, C, E, zinc, and a diet quality index (DQI). The DQI reflects 

pregnancy-specific nutritional recommendations and was based on a previously validated 

index (Bodnar and Siega-Riz, 2002; Haines and others, 1999) that we adapted to apply to the 

NBDPS FFQ (Carmichael and others, 2012). It is the summary score of six positively scored 

components (grains, vegetables, fruits, folate, iron, and calcium) and two negatively scored 

components (intake of sweets, and percent of calories from fat). For each woman, each 
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component was scored from zero to three based on quartiles of the distribution among 

control mothers, and then the component scores were summed to obtain the final value.

Odds ratios (OR) and 95% confidence intervals (CI) were generated from logistic regression 

models to reflect the association of each nutritional factor with biliary atresia. Nutritional 

factors were entered as continuous variables. ORs were adjusted for energy intake only 

(kcals) and then for energy intake as well as several covariates previously shown to be 

associated with biliary atresia or nutrient intake: maternal race-ethnicity (non-Hispanic 

white, non-Hispanic black, Hispanic, other); education (<,=,or >high school); age (years); 

pre-pregnancy BMI (kg/m2); any versus no intake of folic acid-containing vitamin/mineral 

supplements during the periconceptional period (the month before or first three months after 

conception); and conception during summer months (June-August) versus other months 

(based on preliminary findings of this comparison reflecting the season that was associated 

with biliary atresia in this dataset). We also ran these two sets of models after adding a 

quadratic (squared) term for each respective nutrient, as a test for non-linearity of its 

association with biliary atresia. The quadratic terms for seven nutrients had p-values <0.10: 

choline, niacin, vitamin E, calcium, zinc, protein, and methionine. For these nutrients, we 

present results derived from models that included a quadratic term. For each final model, we 

present an OR that reflects the difference between the 75th and 25th percentile of the 

nutrient, based on its distribution among controls. Energy-adjusted analyses included the 

152 cases (of 172) and 11,112 controls (of 11,829) who had complete nutritional data. 

Analyses adjusted for additional covariates included 141 cases and 10,462 controls with 

complete data. We also performed analyses after including non-isolated cases.

RESULTS

A majority of subjects were non-Hispanic white, had education greater than high school, and 

took vitamin supplements (Table 1). Cases were more likely than controls to be born preterm 

or low birthweight. The OR for any versus no periconceptional vitamin use, adjusted for 

other covariates, was 1.26 (95% CI 0.71–2.24).

The 95% confidence intervals for most nutrients included 1.00. Exceptions were energy-

adjusted ORs for calcium (0.63), protein (OR 0.65), riboflavin (0.71), and the diet quality 

index (0.69) and the fully adjusted ORs for calcium (0.68) and vitamin E (0.72). ORs that 

were adjusted for all covariates were relatively similar to ORs adjusted only for energy 

intake but tended to be slightly closer to one. The energy-adjusted OR for glycemic index 

suggested that higher values were associated with increased risk (OR 1.25, 95% CI 1.00–

1.57). Results were similar when non-isolated cases were included (data not shown).

As noted above, the quadratic term had a p-value <0.10 for seven nutrients, and for these 

nutrients we derived ORs from models that included the quadratic terms. Upon closer 

examination, the portion of the curves that included the 25th to 75th percentile values 

appeared relatively linear; the non-linear part of the curves appeared to be driven by 

extremes on the upper end of the distributions (data not shown).
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DISCUSSION

We examined the association of maternal intake of a variety of nutrients with risk of biliary 

atresia. For most of the studied nutrients, the odds ratios were in the hypothesized direction 

(i.e., less than 1.0), but only a few had confidence intervals that excluded 1.0. Maternal 

intake of vitamin/mineral supplements was not associated with odds of biliary atresia. We 

hypothesized that one nutritional factor – glycemic index – would be associated with 

increased risk; its odds ratio was 1.2 (95% CI 1.0–1.6). Thus, in general, the analysis 

provides modest support for a contribution of maternal dietary intake to risk of biliary 

atresia.

We are aware of one prior investigation of the contribution of women’s periconceptional 

nutrient intake and biliary atresia in offspring. The prior study by The et al. also used 

NBDPS data, but for fewer cases and birth years than the current analysis (The and others, 

2007). For each nutrient, they collapsed quartiles into two groups based on their initial 

quartile-specific findings for each nutrient; thus, the presented comparisons varied across the 

nutrients. In contrast, we specified nutrients as continuous in our models, and we included 

quadratic terms to assess non-linearity of associations; this approach has the advantages of 

being consistent, maximizing power, and minimizing misclassification. We examined a 

somewhat different set of nutrients, given that a priori, we chose nutrients that may protect 

against inflammation or infection and that are related to nutritional guidelines for pregnant 

women. Both analyses found reduced risks associated with vitamin E and calcium, one 

difference being that in the prior study, the CI included 1.0 after adjustment for covariates, 

whereas in our study it excluded 1.0. Neither study found associations with several other 

nutrients (folate, vitamin B6, iron, niacin, riboflavin, thiamin, vitamin C) or intake of 

vitamin supplements. Results suggested that higher glycemic index was associated with 

increased risk; prior reports have suggested an association of biliary atresia with maternal 

diabetes but were limited by their design or imprecision (Correa and others, 2008; Herrmann 

and others, 2004).

Strengths of our study include its population-based design, careful case review, and detailed 

maternal interview. The sample size is also a strength, given the rarity of biliary atresia. As 

noted, we considered the possibility of non-linear associations by including quadratic terms 

in the models. However, for the nutrient models that included these terms, associations were 

relatively linear except for the upper extremes of the distribution, which apply to very few 

women and could reflect reporting errors. We adjusted for a variety of covariates; we did not 

adjust for any markers of maternal infection, given that a variety of such markers were not 

associated with risk in the prior NBDPS analysis of biliary atresia, and they were non-

specific (The and others, 2007). Recall bias is a concern of case-control studies. It is unlikely 

that our results would be driven by recall bias, given the complexity of food frequency 

questionnaires and the lack of prior known associations of nutrition with biliary atresia. 

Participation was <70%, which raises concerns about selection bias; prior analyses suggest 

that participants and non-participants had similar demographic characteristics (Cogswell and 

others, 2009). Time to interview was longer for cases than controls; prior analyses suggested 

that time to interview did not appear to be associated with a variety of exposures, but dietary 

intake was not evaluated (Tinker and others, 2013). We examined 22 nutritional factors; this 
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amounts to a modest number of comparisons but type II error remains a potential alternative 

explanation for our few positive findings. In addition, nutrients are consumed together and 

thus correlated, which hampers our ability to identify independent effects (e.g., correlations 

among controls of the 5 nutritional factors with significant associations – calcium, protein, 

riboflavin, diet quality and vitamin E – ranged from 0.51 to 0.85); examination of the diet 

quality index represents one attempt to address this limitation.

In conclusion, this study provides evidence for an association of biliary atresia with maternal 

dietary intake of some nutrients but is limited by its relatively small number of cases. 

Despite our limited findings, studies should continue to investigate maternal nutrition when 

possible, given that it is potentially related to pathways that have been proposed to contribute 

to biliary atresia. Understanding mechanisms will improve our ability to identify causes and 

effectively prevent, screen and treat biliary atresia.
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Table 1

Characteristics of cases with biliary atresia and controls without major birth defects.

Percent

Maternal characteristics
Cases

(n=152)
Controls

(n=11,112)

Race-ethnicity

  Non-Hispanic white 53 59

  Non-Hispanic black 18 11

  Black 20 24

  Other 9 6

  Missing 0 <1

Education

  < High school 17 16

  = High school 20 24

  > High school 61 60

  Missing 1 1

Periconceptional intake of folic acid-containing supplements1

  No 9 12

  Yes 90 87

  Missing 1 1

Season at conception

  Summer 19 25

  Other 81 75

  Missing 0 0

Mean (SD) Mean (SD)

Body mass index (kg/m2) 2 25 (6) 25 (6)

Age (years) 2 27 (6) 28 (6)

Infant characteristics Percent Percent

Gestational age at delivery

  Preterm (<37 weeks) 17 9

  Term (37 or more weeks) 83 91

  Missing 0 0

Birthweight

  Low (<2500 gm) 9 6

  No low (2500 gm or more 89 93

  Missing 1 1
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Percent

Maternal characteristics
Cases

(n=152)
Controls

(n=11,112)

Birthweight for gestational age

  Term, normal birthweight 77 88

  Term, low birthweight 4 2

  Preterm, normal birthweight 12 5

  Preterm, low birthweight 5 4

  Missing 1 1

Sex

  Male 48 51

  Female 52 49

  Missing 0 <1

Plurality

  Singleton 96 97

  Higher order birth 4 3

  Missing 0 <1

1
Periconceptional refers to the month before conception through three months after conception.

2
8 cases and 449 controls had missing data on BMI; none had missing maternal age.
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Table 2

Odds ratios for the association of biliary atresia with maternal intake of selected nutrients and diet quality, 

reflecting odds for the 75th versus 25th percentile of intake, National Birth Defects Prevention Study, 1997–

2011.

Nutrient (unit change from
the 75th to 25th percentile):

Odds ratio (95% CI) 1

Energy-adjusted
Adjusted for energy intake

and covariates

Alpha-carotene (698.0 ug) 0.96 (0.82–1.14) 1.02 (0.88–1.18)

Beta-carotene (2642.1 ug) 1.00 (0.84–1.19) 1.04 (0.88–1.23)

Betaine (60.4) 0.89 (0.70–1.13) 0.90 (0.70–1.14)

Calcium2 (546.3 mg) 0.63 (0.47–0.87) 0.68 (0.49–0.95)

Choline2 (173.3 ug) 0.73 (0.51–1.04) 0.75 (0.52–1.09)

Folate (344.9 ug DFE) 0.89 (0.71–1.13) 0.89 (0.70–1.12)

Glycemic index (6.5 units) 1.25 (1.00–1.57) 1.22 (0.95–1.57)

Iron (8.9 mg) 0.94 (0.74–1.20) 0.95 (0.75–1.21)

Lutein (1527.9 ug) 1.04 (0.94–1.16) 1.03 (0.93–1.15)

Methionine2 (0.8 gm) 0.71 (0.50–1.00) 0.76 (0.53–1.09)

Niacin2 (10.3 mg) 0.85 (0.62–1.17) 0.85 (0.61–1.19)

Protein2 (33.9 gm) 0.65 (0.45–0.94) 0.69 (0.46–1.03)

Riboflavin (1.2 mg) 0.71 (0.51–0.99) 0.77 (0.55–1.09)

Thiamin (0.7 mg) 0.94 (0.71–1.24) 0.92 (0.69–1.23)

Vitamin A (509.1 ug RAE) 0.91 (0.73–1.12) 0.92 (0.75–1.14)

Vitamin B6 (1.2 ug) 0.85 (0.62–1.14) 0.86 (0.63–1.16)

Vitamin B12 (3.7 ug) 0.88 (0.72–1.08) 0.87 (0.70–1.08)

Vitamin C (98.4 mg) 0.82 (0.64–1.04) 0.79 (0.61–1.03)

Vitamin E2 (3.9 mg) 0.76 (0.57–1.01) 0.72 (0.53–0.96)

Zinc2 (6.0 ug) 0.74 (0.52–1.04) 0.77 (0.54–1.10)

Diet quality index (8 units) 0.69 (0.51–0.95) 0.75 (0.54–1.05)

DFE = dietary folate equivalents, RAE = retinol activity equivalents

1
152 cases and 11,112 controls were included in the energy-adjusted models and 141 cases and 10,462 controls in models adjusted for all 

covariates, which included maternal race-ethnicity, body mass index (kg/m2), age (years), education, intake of folic acid-containing supplements 
during the month before pregnancy or first trimester, and conception during summer months versus other months. ORs reflect the difference in odds 
for intake at the 75th versus 25th percentile of intake, based on the distribution among the controls. ORs are bolded if the CI excluded 1.00 after 
rounding.

2
The quadratic terms for protein, methionine, niacin, choline, vitamin E, calcium and zinc had p<0.10 in energy-adjusted and fully adjusted 

models; ORs for these nutrients were derived from models that included quadratic terms.
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