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ABBREVIATIONS 

ALL  Acute lymphoblastic leukemia  

Aus-ALL Australian Study of Causes of Acute Lymphoblastic Leukaemia in Children  

CI  confidence interval  

DFE  Dietary Folate Equivalents  

FFQ  food frequency questionnaire. 
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ABSTRACT  

Purpose: We investigated whether paternal dietary intake of folate before conception is 

associated with the risk of childhood acute lymphoblastic leukemia (ALL) in a nation-wide case-

control study.   

Methods: Data on dietary folate intake during the six months before the child’s conception were 

collected from 285 case fathers and 595 control fathers using a dietary questionnaire.  Nutrient 

intake was quantified using a customized computer software package based on Australian food 

composition databases.  Data on folate intake were analyzed using unconditional logistic 

regression, adjusting for study matching variables, total energy and potentially confounding 

variables.  In a subset of 229 cases and 420 controls, data on vitamin B6 and vitamin B12 intake 

were also analyzed.   

Results: No consistent associations were seen with paternal dietary intake of folate or vitamin B6.  

Higher levels of paternal dietary vitamin B12 appeared to be associated with an increased risk of 

childhood ALL, with those in the highest tertile of consumption having an OR of 1.51 (0.97, 

2.36). The use of supplements containing folate, vitamins B6 or B12 was rare.  

Conclusions:  We did not find any biologically plausible evidence that paternal nutrition in the 

period leading up to conception was associated with childhood ALL.  Our finding for vitamin 

B12 may be a chance finding, given the number of analyses performed, or be attributable to 

participation bias because parents with a tertiary education had the lowest level of B12 intake and 

tertiary education was more common among control than case parents.  
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INTRODUCTION 

Acute lymphoblastic leukemia (ALL), the most common childhood malignancy, occurs 

mainly in children under the age of five years, suggesting a role for parental exposures before 

birth.  Past studies have suggested that maternal diet [1-5] or use of dietary supplements [6-8] 

during pregnancy could affect the risk of ALL in the offspring.  There has been little research 

published about possible effects of paternal diet and supplement use; we identified only one study 

of paternal use of vitamin supplements in the year before the child’s conception, which had a null 

finding [9], and no studies of paternal diet.  However, it is biologically plausible that paternal diet 

is associated with germ cell damage and thus with adverse outcomes in the offspring [10].  For 

example, seminal fluid folate levels were found to be inversely correlated with levels of sperm 

DNA damage [11], and low dietary intake of folate was associated with sperm aneuploidy in 

healthy men [12].  A protective effect of folate is plausible due to its role in DNA methylation, 

synthesis and repair [13].  Folate provides 5-methyltetrahydrofolate for the methylation pathway 

from homocysteine to S-adenosylmethionine, the principal methyl donor in DNA methylation.  

DNA methylation affects gene expression and can silence cell-cycle-regulating genes via 

methylation of specific promoter region CpG.  In addition, folate is essential for normal DNA 

synthesis and repair; in the form of 5,10-methylenetetrahydrofolate, it is the one-carbon donor in 

the synthesis of thymidylate. Vitamin B6 (B6) and vitamin B12 (B12) are essential cofactors in 

these one-carbon metabolic pathways [5]. 
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In this paper, we investigate whether paternal dietary or supplemental folate intake in the 

time leading up to conception is associated with risk of ALL in the offspring, using data from 

The Australian Study of Causes of Acute Lymphoblastic Leukaemia in Children (Aus-ALL).  We 

also report results for B6 and B12.  

MATERIALS AND METHODS  

Participants and recruitment 

Aus-ALL was a national, population-based case-control study that prospectively recruited 

416 ALL cases and 1,361 controls over five years (mid 2003-2007).  Its aim was to investigate 

dietary, environmental and genetic risk factors for ALL and their interactions.  The study design 

has been described previously [14-16].  Briefly, only children whose biological mothers were 

available and had adequate English skills were eligible for inclusion in the study.  However, 

families where the biological father was not available were eligible for inclusion.  Case families 

were identified and recruited through all ten pediatric oncology centers in Australia.  Cases were 

eligible for inclusion in the study if they were diagnosed between 1st July 2003 and 31st 

December 2006 and achieved initial remission.  Controls were frequency matched to cases on age 

(within 1 year), sex and State of residence in a ratio of approximately 3:1.  The controls were 

prospectively recruited by national random digit dialling (RDD) between August 2003 and 

October 2006 [14].  The study had the approval of ten hospital Human Research Ethics 

Committees.  

Data collection 
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Fathers completed food frequency questionnaires (FFQs) about their diet and use of 

dietary supplements during the six months before conception.  To help fathers recall the correct 

time period, at the beginning of the FFQ they were asked to record the child’s month and year of 

birth and then to note the beginning and end dates of the pregnancy, and the beginning and end 

dates six months before this.  These FFQs were based on those developed by the Australian 

Commonwealth Scientific and Research Organization [17].  For all foods, a standard serving size 

was given and fathers were asked to list the frequency of consumption and the number of 

standard serves usually consumed at any one time.  Specific information about the brand was also 

collected for types of foods that were eligible to have been fortified with folic acid in the period 

of interest.  The initial FFQ listed foods reflecting the total diet, but during the study the food lists 

were reduced to focus on foods with significant ‘folate, B6 and B12’ or just ‘folate’ contribution 

to reduce respondent burden.  Parents also completed questionnaires about demographics and the 

environmental exposures of interest, including paternal alcoholic drink consumption in the year 

before conception. 

Assessment of nutrient intake 

Energy and nutrient intake was quantified using a customized computer software package 

that merged data from Australian food composition databases (AUS-NUT 07 [18] for folate and 

energy and NUTTAB 2010 [19] for B6 and B12) with the FFQ serving size and individual 

frequency of consumption and calculated the sum over all foods.  Based on biological 

plausibility, we excluded anyone with a total daily energy intake of less than 4,000 kJ (six cases 

and nine controls). 
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At the time of the study, voluntary folic acid fortification of certain food categories (for 

example, breakfast cereals and mueslis; breads; fruit and vegetable juices; and yoghurts) was 

allowed.  Information about the amount of supplemental folic acid in individual products was 

collected from manufacturers and food labels and added to the analysis program.  Food folate 

composition was expressed as Dietary Folate Equivalents (DFE), which allows for the higher 

bioavailability of folic acid than food folate: DFE =  food folate + (1.7 x folic acid) [20].   

Statistical analysis 

A calibration equation, based on those who did the full diet FFQ, was used to convert the 

data from those who did the reduced versions of the FFQ to reflect the full diet.  Data on folate, 

B6 and B12 were right skewed, and so were log transformed.  These values were then adjusted 

for energy using methods described elsewhere [21].  Energy-adjusted folate, B6 and B12 values 

were grouped according to tertiles, with the lowest tertile used as the reference group.   

A binary variable for the use of a supplement containing any folic acid, B6 or B12 (use 

versus no use) at any time in the year before conception was created; these three micronutrients 

were combined into a single variable as all were found in almost all products containing any one 

of them.  Non-use was the reference group for analyses.  

Odds ratios (OR) and 95 percent confidence intervals (95% CI) were estimated using 

unconditional logistic regression (SAS version 9.2, SAS Institute Inc, Cary, NC, USA) to 

investigate the association between energy-adjusted paternal dietary folate intake in the six 

months before conception and risk of ALL.  All models were adjusted for study matching factors: 

age, sex and State of residence.  The following variables were considered a priori to be potential 
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confounders of the association between dietary folate and risk of ALL were assessed for 

inclusion in the models: highest parental education, paternal age group, birth order, year of 

diagnosis (or agreement for controls), paternal smoking in the conception year, FFQ version, 

ethnicity, gestation, plurality, large for gestational age, birth defect, area based measure of socio-

economic status, paternal alcohol consumption, and birth year.  Those included in the final model 

on the basis that they met the empirical criteria for confounding (i.e., they were associated with 

exposure in the controls and case/control status or study participation) were: highest parental 

education, paternal age group, birth order, year of diagnosis (or agreement for controls), paternal 

smoking in the conception year and FFQ version.   

The final model also included B6, B12 and folic acid supplement use and, for those who 

did the versions of the FFQ that included foods containing B6 and B12, energy-adjusted values of 

all nutrients were added to the model.  Because alcohol is known to disrupt folate metabolism 

[22], additional analyses were undertaken stratified by level of paternal alcohol intake in the year 

before conception; based on intake above or below median weekly consumption among controls 

(eight drinks per week).  Stratified analyses were also undertaken based on the child’s age at the 

censoring date (diagnosis for cases and agreement for controls) (less than five years of age and 5 

years or more) as any effect of folate might be seen more strongly among those children who 

were diagnosed with ALL early in life.  Because the proportions of cases and controls who did 

each version of the FFQ were different, we also stratified the folate analyses by FFQ version.  

As children with some birth defects (for example Down syndrome) have higher rates of 

ALL than other children, analyses were repeated excluding all children with birth defects (14 

cases and 19 controls).   
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As some drugs can inhibit the absorption of folate such as anti-inflammatories [23] and 

anti-convulsants [24], analyses were also repeated excluding those fathers who took these drugs 

or had missing data about them (21 cases and 19 controls) 

RESULTS 

We were notified of 519 eligible ALL cases, and parents of 416 (80%) cases consented to 

participate in the study.  Of these, 296 case fathers completed and returned a FFQ. After 

excluding 11 with poor quality data, 285 of these were included in the final dietary folate 

analyses (68.5% of consenting and 54.9% of eligible).  Of the 1,361 control families recruited to 

the study, 618 fathers returned a FFQ.  After excluding 17 fathers with poor quality data and six 

where ethnicity could not be determined, 595 (43.7%) control fathers were included in the final 

analyses.  For analyses restricted to versions with B6 and B12 data, there were 229 case and 420 

control fathers.  

The distribution of demographic and other variables of interest were generally similar in 

participating cases and controls (Table 1); however, higher proportions of cases were first-born, 

had a father aged 30 years or less, and had a father who smoked in the conception year.  Control 

parents were more likely to have completed university or college, and controls fathers were more 

likely to have completed the full version of the FFQ.  The same pattern of distribution was also 

seen in the subset included in the B6 and B12 analyses (results not shown).  The ranges of daily 

dietary intakes are shown in Table 2. 

There was little evidence of an association between risk of ALL and paternal dietary 

folate intake among all participants combined (Table 3) or only participants with B6 and B12 
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dietary estimates (Supplementary Table 1).  There was also little evidence of an association with 

dietary B6 intake (Table 3).  The OR for the highest level of vitamin B12 intake was 1.51 (95% 

CI 0.97, 2.36) (Table 3), and the P value for trend was 0.07.  Paternal use of supplements 

containing folic acid and/or vitamins B6 or B12 was uncommon and as a result the ORs were 

imprecise (Table 3).  

When the analyses were stratified by the child’s age at the censoring date, the OR for the 

highest level of folate intake was 0.63 (95% CI 0.32, 1.12) among children aged five years or 

more, and 1.12 (95% CI 0.67, 1.88) among younger children (Table 4).  The ORs for B6 showed 

weak evidence of a protective effect in those aged under five, but not those who were older.  The 

OR for B12 intake appeared to be somewhat higher among children under the age of five years (P 

value for trend 0.06) (Table 4).   

When the analyses were stratified by paternal alcohol consumption in the year before 

conception, there was a weak inverse association with folate among those who drank less than 

eight drinks a week that was not seen among those in the higher alcohol consumption group 

(Table 5).  The ORs for B6 suggested weak evidence of a protective effect in those in the low 

alcohol consumption group, but not in the higher consumption group.  The patterns for B12 were 

similar in low and high alcohol consumers.  In all the stratified analyses, the numbers in many 

cells were relatively small.  When the folate analyses were stratified by FFQ version, there was 

little difference in the findings (results not shown).  Exclusion of children with any birth defect 

had little effect on the findings as did excluding fathers who took drugs that inhibited folate 

absorption or potentially inhibited (or who had missing data about this) (results not shown). 
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Discussion 
In this study, the level of paternal dietary folate or B6 in the six months prior to 

conception did not appear to be associated with ALL risk.  The ORs for B12 provide weak 

evidence that paternal diet high in this vitamin may be associated with an increased risk of ALL, 

but as we discuss below, this may be a spurious finding.  The consumption of supplements 

containing folic acid and/or vitamins B6 and/or B12 was not common, thus we cannot draw any 

conclusions regarding an association between their use and risk of childhood ALL. 

Vitamin B12 is produced in the gastrointestinal tracts of animals by bacteria and then 

absorbed by the host animal [25].  Therefore, it only found in animal tissues such as liver, red 

meat, chicken, eggs and dairy products and does not naturally occur in bioactive forms in plant 

foods.[25].  We were unable to identify previous studies of specific micronutrients in paternal 

diet and risk of ALL.  The only previous investigation of paternal diet and risk of childhood 

cancer was of retinoblastoma, and it had inconsistent findings [26] in relation to foods containing 

B12, such as meats, milk, fish and eggs.  The findings in relation to dietary B12 and other cancers 

have been inconsistent.  Higher dietary B12 levels have been associated with increased risk of 

breast [27], pancreatic [28], prostate [29], and gastric/ oesophageal [30] cancers but decreased 

risk of colorectal [31], and bladder [32] cancers.  We cannot find any biological mechanism to 

explain an association between paternal dietary B12 and ALL in the offspring.  Others have 

hypothesized that B12 intake may be a proxy for another factor associated with B12-containing 

foods, but we were unable to address this possibility.   

Other plausible explanations for the association we observed for vitamin B12 include 

participation bias.  Dietary B12 varied by parental education among the controls; among those 

with a university or college education, 30% were in the highest tertile of B12 consumption 

compared to 38% among those with less education.  Using area-based measures, we have 

 12 



 

previously shown that our control parents were of higher socio-economic status than the general 

Australian population [14].  Therefore, participation bias may have led to an underestimation of 

vitamin B12 intake among control fathers and thus biased the ORs upwards.  Although we 

adjusted for parental education in the analytical models, there may have been residual 

confounding.  Alternately, the weakness and relative imprecision of the association with B12 

could indicate a chance finding, given the number of analyses.  There is some previous evidence 

of an association between socio-economic status and vitamin B12 status [33] or consumption of 

foods high in B12 [34,35].  In a dietary survey of Irish adults, vitamin B12 intake was inversely 

associated with social class and education among women, with a suggested similar trend in men 

[33].  Similarly, men of low socio-economic status consumed more meat and meat products and 

less vegetable proteins in a Dutch survey [34], while in the UK, men with lower education and of 

lower social class ate more red and processed meats [35].   

Aus-ALL had some strengths and limitations.  Cases were ascertained from oncology 

centers that treat virtually all children in Australia diagnosed with ALL, and 80% of eligible 

parents agreed to participate; 70% of eligible controls recruited by RDD also agreed to 

participate, although the true level of agreement may be closer to 55% when account is taken of 

eligible controls in homes where the RDD calls were never answered [14].  However, 

participation was based on the availability of the biological mother, not the father.  Thus, about 

16% of case fathers and 14% control fathers did not participate.  The FFQ was only sent to 

participating control families once the initial exposure questionnaire was returned.  By contrast, 

case families were sent all questionnaires at the same time.  The same differences in the 

demographic characteristics of the cases and controls, namely control fathers being older and 

having higher levels of education than cases was seen in investigations using the larger sample of 
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389 cases and 876 controls who returned the initial exposure questionnaire[36].  The proportion 

of both case and control parents with a tertiary education in the larger sample was 42.7% and 

53.3% [36] compared to the 46.7% and 58.2% in these current analyses.  As part of our 

investigations of the representativeness of the Aus-ALL controls using area based measures, we 

also have previously found that those who returned the FFQs were of higher economic status than 

those who returned the initial questionnaire [14], thus compounding the already existing potential 

for participation bias.   

In efforts to improve its completion rate, the FFQ was changed several times during the 

study, thus B6 and B12 data was not available for some fathers (20% of cases and 29% of 

controls) who did the FFQ.  It is possible that the B6 and B12 results may have been different in 

those for whom intake was not assessed, but similar dietary folate results suggests this is not the 

case.  Likewise, similar dietary folate findings for each FFQ version and the whole sample is 

reassurance that the differing proportions of cases and controls who did the different versions of 

the FFQ did not affect the validity of the findings.  In addition, for each FFQ version, among 

those sent the FFQ, a similar proportion of case and control fathers returned it, although the 

response was lower for the full version (42% of cases and 40% of controls) compared to the 

‘Folate’ foods version (72% and 76%, respectively) and ‘Folate, B6 and B12’ foods version (76% 

and 80% respectively).    

There is evidence that an FFQ designed to estimate dietary folate and other B vitamins is 

a suitable measure of current intake when compared with multiple 24-hour food intake interviews 

and plasma levels [37].  However there is likely to be a degree of measurement error in this 

study, as the time period of interest was up to 16 years earlier for some fathers and this could 
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explain the differences we observed between the 54% of fathers whose children were aged under 

five years and those whose children were older than five years.  Recall bias is always a potential 

problem in case-control studies, and there was the possibility of case fathers thinking more 

deeply about their diet when doing the FFQ.  However, the FFQ contained a long list of foods, 

with no indication of what particular nutrient we were studying, or what level of consumption 

was considered ‘normal’ for each food.  If recall bias played a part in our findings, one would 

expect elevated ORs for all nutrients, but this was not the case.  As there has been relatively little 

research into paternal diet and childhood cancer, there is no specific focus for recall bias, and any 

error in reporting dietary vitamin intake is likely to be non-differential between cases and 

controls.   

In conclusion, our finding of an association between a paternal diet high in B12 in the six 

months prior to conception and the risk of ALL in the offspring may be due to participation bias 

or chance.  The level of dietary intake of folate or B6 did not appear to have any impact on the 

risk of ALL, while it was not possible to draw any firm conclusions about the impact of using 

folate, B6 or B12 supplements.  While it is biologically plausible that paternal nutrition around 

conception could be associated with ALL in the offspring, we found little evidence in support of 

it. 
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Table 1.  Characteristics of cases and controls completing an FFQ in the Australian Study of 
Causes of Acute Lymphoblastic Leukaemia in Children, 2003-2007. 

 
 Cases (n= 285) Controls(n= 595) 
 n % n % 
Sex      
Boys 149 52.3 313 52.6 
Girls 136 47.7 282 46.3 
Age      
 0-1 24 8.4 53 8.9 
 2-4 130 45.6 273 45.9 
 5-9 81 28.4 191 32.1 
10-14 50 17.5 78 13.1 
State of residence      
NSW/ACT 88 30.9 181 30.4 
VIC/TAS 89 31.2 170 28.6 
SA/NT 32 11.2 57 9.6 
WA 26 9.1 67 11.3 
QLD 50 17.5 120 20.2 
Birth order      
 1 144 50.5 244 41.0 
 2 82 28.8 207 34.8 
 3+ 59 20.7 144 24.2 
Gestation (binary)      
Term (37 weeks+) 267 93.7 554 93.1 
Pre-term (<37 weeks) 17 6.0 39 6.6 
Child had a birth defect 14 4.9 19 3.2 
Multiple birth     
No, single birth 280 98.2 580 97.5 
Yes, multiple birth 5 1.8 15 2.5 
Birth Weight     
<3000g 48 16.8 108 18.2 
3000 - <4000g 193 67.7 404 67.9 
>4000g 44 15.4 82 13.8 
Large for gestational age 40 14.0 80 13.4 
Year of diagnosis/FFQ 

completion 
    

2003-2004 140 49.1 312 52.4 
2005-2006 145 50.9 283 47.6 
Highest level of education of 

either parent 
    

Did not complete  secondary 
school 

30 10.5 30 5.0 

Completed secondary  school 
and/or trade 
 qualification 

122 42.8 219 36.8 

 20 



 

University/college 133 46.7 346 58.2 
Ethnicity a      
European ethnicity 242 84.9 531 89.2 
At least 50% European 32 11.2 50 8.4 
At least 50% non-European, and 

not known 286if 50% 
European 

11 3.9 14 2.4 

Household income      
<$40,000 54 18.9 77 12.9 
$40,001-70,000 90 31.6 202 33.9 
$70,001-100,000 71 24.9 163 27.4 
>$100,000 pa   70 24.6 152 25.5 
Father’s age at child’s birth     
30 years or less 118 41.4 192 32.3 
31 to 35 years 93 32.6 220 37.0 
More than 35 years   74 26.0 182 30.6 
Father’s weekly alcohol intake in 

year before conception 
    

<8 drinks per week 158 55.4 328 55.1 
8 drinks or more per  week 123 43.2 265 44.5 
Father smoking in conception 

year 
    

 0 182 63.9 427 71.8 
1-14 CPD 29 10.2 61 10.3 
15+ CPD 72 25.3 105 17.6 
FFQ version      
Full diet 26 9.1 99 16.6 
‘Folate’ foods  56 19.6 175 29.4 
‘Folate, B6 and B12’  foods  203 71.2 321 53.9 

 
ACT, Australian Capital Territory; CPD cigarettes per day; FFQ; food frequency questionnaire; 

NSW, New South Wales; NT, Northern Territory; QLD, Queensland; SA, South Australia; 
TAS, Tasmania; VIC, Victoria; WA, Western Australia.  

a European = at least 3 European grandparents; 50% European = 2 European grandparents; At 
least 50% non-European and not known if 50% European = 2 non-European grandparents 
and ethnicity of other 2 grandparents unknown; 
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Table 2: Range of paternal daily energy, dietary folate equivalents, B6 and B12 intakes in the six 
months before conception of index child 

 
All versions of FFQ Cases (n= 285) Controls(n= 595) 
Total energy (kJ)    
Minimum 4186 4312 
Median  9212 8967 
Maximum 19045 17774 
Inter-quartile range 203 183 
Energy Adjusted Dietary Folate Equivalents (µg)   
Minimum 156 122 
Median  420 437 
Maximum 1143 1081 
Inter-quartile range 3549 3557 
   
Restricted to FFQs with dietary B6 and B12 data Cases (n= 229) Controls(n= 420) 
Energy Adjusted Dietary B6 (mg)   
Minimum 0.8 1.0 
Median  1.6 1.6 
Maximum 2.6 2.7 
Inter-quartile range 0.3 0.3 
Energy Adjusted Dietary B12 (µg)   
Minimum 1.4 2.2 
Median  6.0 5.8 
Maximum 15.3 14.5 
Inter-quartile range 2.4 2.1 
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Table 3: Odds ratios for paternal dietary and supplemental folate, B6 and B12 in the six months 
before conception of index child 

  Cases Controls  OR (95% CI)  
All versions of FFQ n= 285 n=595  
Energy Adjusted Dietary Folate 

Equivalents n (%) n (%)  
390 and less 118 (41.4) 198 (33.3) Reference 
>390 to 503 83 (29.1) 198 (33.3) 0.85 (0.59, 1.24)a 
>503 µg 84 (29.5) 199 (33.4) 0.87 (0.58, 1.29)a 
    
Folic acid and/or vitamin B6 and/or 

B12 supplement use 24 (8.4) 46 (7.7) 1.37 (0.78, 2.40)a 
    
Restricted to FFQs with dietary B6 

and B12 data  n= 229 n= 420  
Energy Adjusted Dietary B6    
1.52 and less 82 (35.8) 139 (33.1) Reference 
>1.52 to 1.71 79 (34.5) 142 (33.8) 0.72 (0.47, 1.12)b 
>1.85 mg 68 (29.7) 139 (33.1) 0.76 (0.48, 1.20)b 
    
Energy Adjusted Dietary B12    
5.20 and less 68 (29.7) 139 (33.1) Reference 
>5.20 to 6.46 70 (30.6) 142 (33.8) 1.11 (0.71, 1.74)b 
>6.46 µg 91 (39.7) 139 (33.1) 1.51 (0.97, 2.36)b 

a. Adjusted for birth order, best parental education, paternal age, paternal smoking in the 
conception year, year of agreement and FFQ version, supplement use (folate, B6 or B12) 
and matching variables (state, sex, age) 

b. Adjusted for birth order, best parental education, paternal age, paternal smoking in the 
conception year, year of agreement and FFQ version, dietary folate, B6 and B12, 
supplement use (folate, B6 or B12) and matching variables (state, sex, age) 

FFQ Food frequency questionnaire 
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Table 4: Odds ratios for paternal dietary and supplemental folate, B6 and B12 in the last six months before conception of index child, 
stratified by child’s age at censoring date. 

 Age less than 5 years Age 5 years or more 
  Cases Controls  OR (95% CI)  Cases Controls  OR (95% CI) 
All versions of FFQ n= 154 n=326  n= 103 n= 226  
Energy Adjusted Dietary Folate 

Equivalents n (%) n (%)  n (%) n (%)  
390 and less 39 (33.1) 87 (26.7) Reference 67 (51.1) 89 (41.3) Reference 
>390 to 503 35 (26.0) 102 (31.3) 0.75 (0.43, 1.31)a 43 (32.8) 77 (35.7) 0.97 (0.56, 1.68)a 
>503 µg 52 (40.9) 137 (42.0) 1.12 (0.67, 1.88)a 21 (16.0) 60 (23.0) 0.63 (0.32, 1.24)a 
   P value for trend =0.59    P value for trend = 0.23 

      
Interaction p value = 

0.33 
Restricted to FFQs with dietary B6 

and B12 data n= 126 n=194  n= 103 n= 226  
Energy Adjusted Dietary B6       
1.52 and less 46 (36.5) 59 (30.4) Reference 40 (38.8) 80 (35.4) Reference 
>1.52 to 1.71 44 (34.9) 68 (35.1) 0.82 (0.45, 1.49)b 27 (26.2) 74 (32.7) 0.58 (0.30, 1.12)b 
>1.85 mg 36 (28.6) 67 (34.5) 0.65 (0.34, 1.23)b 36 (35.0) 72 (31.9) 1.03 (0.53, 2.01)b 
   P value for trend =0.18   P value for trend =0.99 

      
Interaction p value = 

0.37 
       
Energy Adjusted Dietary B12       
5.20 and less 36 (28.6) 64 (33.0) Reference 32 (31.1) 75 (33.2) Reference 
>5.20 to 6.46 35 (27.8) 74 (38.1) 0.93 (0.50, 1.74)b 35 (34.0) 68 (30.1) 1.50 (0.78, 2.92)b 
>6.46 µg 55 (43.7) 56 (28.9) 1.77 (0.96, 3.27)b 36 (35.0) 83 (36.7) 1.46 (0.75, 2.86)b 
   P value for trend =0.06   P value for trend =0.11 

      
Interaction p value = 

0.15 
       

a. Adjusted for birth order, best parental education, paternal age, paternal smoking in the conception year, and FFQ version, supplement use 
(folate, B6 or B12) and matching variables (state, sex, age) 

b. Adjusted for birth order, best parental education, paternal age, paternal smoking in the conception year, year of agreement and FFQ 
version, dietary folate, B6 and B12, supplement use (folate, B6 or B12) and matching variables (state, sex, age) 
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Table 5: Odds ratios for paternal dietary and supplemental folate, B6 and B12 in the six months before conception of index child, stratified 
by alcohol consumption 

 Less than 8 drinks of alcohol/week 8 or more drinks of alcohol/week 
  Cases Controls  OR (95% CI) Cases Controls  OR (95% CI) 
All versions of FFQ n=144 n=291  n=137 n=302  
Energy Adjusted Dietary Folate 

Equivalents n (%) n (%)  n (%) n (%)  
390 and less 45 (31.3) 74 (25.4) Reference 72 (52.6) 123 (40.7) Reference 
>390 to 503 48 (33.3) 103 (35.4) 0.78 (0.45, 1.37)a 33 (24.1) 95 (31.5) 1.19 (0.63, 2.35)a 
>503 µg 41 (35.4) 114 (39.2) 0.63 (0.35, 1.12)a 32 (23.4) 84 (27.8) 0.96 (0.46, 2.04)a 
   P value for trend =0.12    P value for trend= 0.32 

      

Interaction p value = 
0.59 

 
       
Restricted to FFQs with dietary B6 

and B12 data n= 126 n=194  n= 103 n= 226  
Energy Adjusted Dietary B6       
1.52 and less 49 (41.5) 69 (33.2) Reference 36 (33.0) 70 (33.) Reference 
>1.52 to 1.71 29 (24.6) 68 (32.7) 0.40 (0.20, 0.78)b 41 (37.6) 73 (34.8) 1.20 (0.63, 2.26)b 
>1.85 mg 40 (33.9) 71 (34.1) 0.64 (0.33, 1.25)b 32 (29.4) 67 (31.9) 1.02 (0.51, 2.04)b 
   P value for trend = 0.17   P value for trend = 0.94 

      
Interaction p value = 

0.19 
       
Energy Adjusted Dietary B12       
5.20 and less 18 (15.3) 45 (21.6) Reference 48 (44.0) 93 (44.3) Reference 
>5.20 to 6.46 44 (37.3) 71 (34.1) 1.61 (0.72, 3.61)b 26 (23.9) 70 (33.3) 0.86 (0.46, 1.63)b 
>6.46 µg 56 (47.5) 92 (44.2) 1.59 (0.73, 3.50)b 35 (32.1) 47 (22.4) 1.64 (0.85, 3.18)b 
   P value for trend = 0.33   P value for trend = 0.20 

      
Interaction p value = 

0.38 
       

a. Adjusted for birth order, best parental education, paternal age, paternal smoking in the conception year, year of agreement and FFQ 
version, supplement use (folate, B6 or B12) and matching variables (state, sex, age) 
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FFQ Food frequency questionnaire 
b. Adjusted for birth order, best parental education, paternal age, paternal smoking in the conception year, year of agreement and FFQ 

version, dietary folate, B6 and B12, supplement use (folate, B6 or B12) and matching variables (state, sex, age) 

 26 



 
Supplementary Table 1: Odds ratios for paternal dietary and supplemental folate, in the six months before conception of index child, by food frequency questionnaire 
(FFQ) version 

 All versions of FFQ Versions of FFQs that contained B6 and B12 foods 

  Cases Controls   Cases Controls   

 n= 285 n=595 OR (95% CI) a n= 229 n= 420 OR (95% CI) b 

Energy Adjusted Dietary Folate n (%) n (%)  n (%) n (%)  

390 and less 118 (41.4) 198 (33.3) Reference 104 (45.4) 164 (39.0) Reference 

>390 to 503 83 (29.1) 198 (33.3) 0.85 (0.59, 1.24)a 63 (27.5) 139 (33.1) 0.82 (0.52, 1.27) 

>503 mcg 84 (29.5) 199 (33.4) 0.87 (0.58, 1.29)a 62 (27.1) 117 (27.6) 0.86 (0.53, 1.37) 

       

a. Adjusted for birth order, best parental education, paternal age, paternal smoking in the conception year, year of agreement and FFQ version, supplement use (folate, B6 

or B12) and matching variables (state, sex, age) 

b. Adjusted for birth order, best parental education, paternal age, paternal smoking in the conception year, year of agreement and FFQ version, dietary folate, B6 and 

B12, supplement use (folate, B6 or B12) and matching variables (state, sex, age) 

FFQ Food frequency questionnaire 
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