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ABSTRACT (246 words, 250 max) 

Purpose 

The causes of childhood brain tumors (CBT) are largely unknown, but gestational diet may 

influence this risk.  The aim of this analysis was to investigate whether maternal coffee or tea 

consumption during pregnancy was associated with the risk of CBT.  

Methods 

Aus-CBT was a population-based, Australian case-control study conducted between 2005 and 2010.  

Case children were recruited from 10 pediatric oncology centers and control children by nationwide 

random-digit dialing, frequency matched to cases on the basis of age, sex and state of residence.  

Coffee and tea intake were assessed using a food frequency questionnaire. 

Results 

Data on coffee and tea consumption during pregnancy were available from 293 case mothers and 

726 control mothers. Odds ratios (ORs) and confidence intervals (CIs) were calculated using 

multivariable unconditional logistic regression.   There was little evidence of an association 

between gestational consumption of any coffee (OR 1.23, 95% CI: 0.92, 1.64) or tea (OR 1.00, 95% 

CI: 0.74, 1.36) and CBT risk.  Among children aged under five years, the OR for any coffee 

consumption during pregnancy was 1.76 (95% CI: 1.09, 2.84) and for ≥2 cups per day during 

pregnancy was 2.52 (95% CI: 1.26, 5.04).  There was little evidence that associations with coffee or 

tea intake differed by parental smoking status.  

Conclusions 

These results suggest a positive association between coffee intake ≥2 cups per day and risk of CBT 

in younger children, although some estimates are imprecise.  There was no association between 

maternal tea drinking and risk of CBT. 
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Introduction 

Childhood brain tumors (CBT) are the second most common type of childhood malignancy and the 

largest cause of childhood cancer mortality [1].  The causes of CBT are largely unknown, apart 

from a few genetic syndromes and ionizing radiation [2].  CBTs often develop early in childhood, 

suggesting that prenatal factors may be important.  As a result, many studies have investigated the 

role of prenatal factors including maternal diet during pregnancy.   

Four previous studies have investigated associations between maternal coffee and tea intake during 

pregnancy and CBT risk, with inconsistent findings.  One study suggested a positive association 

with coffee and tea intake [3], another reported a positive association for coffee but not tea [4], 

while two others reported no association with caffeinated beverages collectively [5,6].   

The mechanisms by which coffee and tea consumption might influence cancer risk are not well 

understood [7,8], particularly when considering in utero exposures.  Caffeinated beverages contain 

chemicals that may either stimulate or suppress carcinogenic activity.  For example, coffee and tea 

contain DNA topoisomerase II inhibitors that have been associated with chromosomal damage 

involved in the development of childhood leukemia [9].  Consistent with this, we and others have 

previously reported an increased risk of childhood acute lymphoblastic leukemia (ALL) associated 

with maternal coffee drinking during pregnancy among non-smoking women [10,11], particularly 

for ALL involving translocations [11].   A recent meta-analysis concluded that coffee drinking may 

be related in a linear dose-response relationship to the risk of ALL and acute myeloid leukemia 

[12]. In addition, we have previously reported a reduced risk of childhood T-cell ALL associated 

with gestational tea consumption [11].  Although tea contains caffeine, it also contains plant 

polyphenol flavonoids such as quercetin that may reduce cancer risk [13], while catechins present in 

tea also have antifolate properties [14], and may increase cancer risk.   

The aim of the analysis presented here was to investigate whether maternal consumption of coffee 

and/or tea during pregnancy is associated with risk of CBT in the offspring. 

METHODS AND MATERIALS 

The Australian Study of the Causes of Childhood Brain Tumours (Aus-CBT) was conducted 

between 2005 and 2010 and aimed to investigate environmental and genetic risk factors for CBT.  

Details of the study design and eligibility criteria have been reported elsewhere [15].  Briefly, 

children diagnosed with any malignant or benign tumor within the brain before age 15 were 

identified through all ten pediatric oncology centers in Australia, and their parents were invited to 

participate by the child’s treating physician.  Informed consent was also sought from children 

whose parents thought they were old enough to provide it.  Controls were recruited by nationwide 
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random-digit dialing (RDD), and frequency matched to cases on age at diagnosis (within one year; 

for controls age of recruitment=age of diagnosis), sex and state of residence.  Controls for cases 

diagnosed in 2005 and 2006 were frequency matched to cases from our concurrent study of ALL 

that used identical recruitment methods. 

Detailed information on demographics (eg, child’s birth order, parents’ ages, parental education and 

household income) and environmental exposures (eg pesticides, paints, parental smoking) was 

collected from parents using mailed questionnaires.  Coffee and tea consumption were assessed 

using two items from a 126-item food frequency questionnaire (FFQ) based on the FFQ developed 

by the Commonwealth Scientific and Industrial Research Organization [16].    Mothers were asked 

the frequency (never, rarely, or number per month, week or day) they drank ‘a cup’ of 

‘coffee/coffee substitute’ or ‘tea (regular) eg English Breakfast’  (a separate question for each 

beverage) during the last six months of pregnancy – all responses were then converted to cups/day 

(‘never’ or ‘rarely’=0 cups/day).  Questions about caffeinated sodas were not included in the FFQ, 

and caffeinated and decaffeinated coffee/tea were not distinguished.  We focused on the last six 

months of pregnancy to avoid ascertaining information about atypical intake related to nausea in the 

first trimester.    In addition to self-reported demographic information, we also had an area-based 

socioeconomic status (SES) score for each household from population census data.  

Statistical analysis 

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

unconditional logistic regression analysis in IBM SPSS Statistics for Windows version 20.0 (IBM 

Corp, Armonk, NY, 2011).  All models were adjusted for the frequency matching factors – age, sex 

and State of residence.  Additional variables meeting the empirical criteria for confounding 

(independently associated with both the exposure in controls and the outcome) were included in the 

final models. They were maternal age, child ethnicity, year of birth group, parental education, and 

maternal alcohol consumption during pregnancy. Neither maternal nor paternal smoking met the 

empirical criteria for confounding. 

The reference categories for exposure were ‘No coffee’ or ‘No tea’ regardless of consumption of 

the other beverage, as well as ‘No tea or coffee’ in the last six months of pregnancy for combined 

exposures.  Coffee/tea intakes were analyzed in three ways: as ‘any’ vs ‘none’, frequency categories 

(< or ≥2 cups/day) and as continuous ‘cups/day’ for coffee, tea, and a combined coffee/tea variable 

that was weighted for probable relative average caffeine content (coffee=1, tea=0.5).  Trend p-

values were estimated by fitting ordinal frequency categories to the model as continuous variables 

with 1 degree of freedom.  Analyses were repeated by maternal smoking status and child’s age at 

diagnosis or recruitment: 0-4 and 5-14 years.  Effect modification by these variables was formally 
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tested by fitting interaction terms in the models.  Results were also analyzed by the main tumor 

subtypes.  

RESULTS 

We identified 730 eligible CBT cases diagnosed between 2005 and 2010, of whom 568 (78%) were 

invited to participate by their treating physicians. Of these, 374 (66% of invited, 51% of eligible) 

consented to take part.  Details on tumor type, as assessed independently by two clinical 

investigators, have been reported in full elsewhere [15]; tumor types and codes for cases in the final 

analysis are presented in Online Resource 1.  Tumors were graded as: 122 high grade/malignant and 

130 low grade/benign, with 41 ungraded.  In the same period, 3,624 eligible control families were 

identified through RDD, of whom 2,255 (62.2%) consented to take part.  Due to matching quotas, 

1,467 of these were recruited to the study.   

Of those recruited, 293 (78%) case mothers and 726 (49%) control mothers provided data on coffee, 

tea, and relevant confounders.  The mean time between the child’s diagnosis and questionnaire 

return was 12.3 months (range 1-48), while for controls the mean time between recruitment and 

questionnaire return was 4.3 months (range 1-29).  The mean age of children (i.e. time between 

pregnancy and questionnaire completion) was 6.8 years for controls and 8 years for cases.  Child 

age and sex distribution was similar between FFQ completers and non-completers, although area-

based SES scores were higher in controls with complete FFQ data than those with missing FFQ 

data (mean 1033 vs 1015, p<0.001). 

The distributions of demographic characteristics were generally similar among cases and controls, 

although there were some differences (Table 1); the age distribution differed slightly because 617 

controls recruited in 2005 and 2006 were frequency matched to the ALL cases (who tend to be 

younger).  Controls were more likely than cases to have a mother aged over 35 (29.8% vs 22.2%), 

to be of European ethnicity (77.4% vs 61.8%) and to have a parent with a college or university 

education (59.9% vs 52.9%).   

Mothers who drank any coffee consumed an average of 1.5 cups/day, while mothers who drank tea 

consumed an average of 1.1 cups/day.  The overall OR for maternal coffee consumption was 1.23 

(95% CI: 0.92, 1.64) (Table 2). There was some evidence of a dose-response association; the OR 

for ≥2 cups/day was 1.35 (95% CI 0.90, 2.04, ptrend = 0.12) and for every cup/day the OR was 1.11 

(95% CI 0.97, 1.26).  There appeared to be no association with tea consumption. When the 

reference group comprised mothers who drank neither coffee nor tea during pregnancy (54 case and 

130 control mothers), the highest OR was for mothers who drank ≥2 cups of coffee and <2 cups of 

tea/day (OR:1.51, 95% CI: 0.89, 2.54) (Table 2).  The OR for cups/day of either beverage when 

weighted by relative caffeine content was 1.08 (95% CI 0.96, 1.22).   
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The main results were similar for the two CBT subtypes with sufficient cases to analyze separately: 

low-grade gliomas (OR for any coffee: 1.20 (95% CI:  0.82, 1.77); OR for any tea: 1.05 (95% CI:  

0.70, 1.57)); and embryonal tumors (OR for any coffee: 1.18 (95% CI:  0.70, 1.99) and OR for any 

tea: 1.14 (95% CI: 0.66, 1.98)).  

There was some indication of an interaction between coffee drinking and the child’s age at 

diagnosis; ORs for any coffee drinking were 1.76 (95% CI: 1.09, 2.84) and 0.95 (95% CI: 0.65, 

1.38) among children diagnosed before and after five years of age respectively (interaction p-value: 

0.01; Table 3).  Among children diagnosed < 5 years, the OR of maternal coffee drinking for each 

cup/day was 1.42 (95% CI: 1.12, 1.79) and for ≥2 cups/day 2.52 (95% CI: 1.26, 5.04, ptrend = 

0.007).  

There was little evidence that associations between coffee or tea consumption and CBT risk varied 

by parental smoking status (Online Resource 2).  

DISCUSSION  

Maternal consumption of ≥2 cups of coffee per day during pregnancy appeared to be associated 

with an increased risk of CBT, particularly among children younger than five years at diagnosis.   It 

is biologically plausible that tumors initiated as a result of in utero exposure would tend to manifest 

themselves relatively early in life.  However, given the relatively imprecise effect estimates, these 

findings could be due to chance. Overall, maternal tea consumption was not associated with CBT 

risk.   

Our findings are consistent with those of Cordier et al., who reported elevated ORs for coffee 

drinking during pregnancy (OR: 1.9, 95% CI 0.9, 3.9) but not for tea (OR: 0.7, 95% CI: 0.3. 1.4) 

[4]; however, their study did not report results for frequency of consumption.  As in Aus-CBT, their 

study did not distinguish between caffeinated and decaffeinated beverages.  Unlike Plichart and 

colleagues [3], who examined caffeinated drinks only, we found no evidence of an additive effect of 

high levels of coffee and tea consumption, although both studies had imprecise estimates for this 

association.   

It should also be noted that tea consumption in the controls of these French studies was much lower 

than in our own study (~40% vs 68% respectively), while coffee consumption was higher (62% vs 

51% respectively).  The method for preparing coffee and tea may also differ between France and 

Australia, resulting in differing exposure to caffeine or other constituents.  Bunin and colleagues 

found no association between maternal consumption of ‘caffeinated beverages’ and risk of 

astrocytoma [6] or primitive neuroectodermal tumors [5] but, their inclusion of coffee, tea and cola 

drinks in the same estimate makes it difficult to compare their findings with ours.  Coffee and tea 

consumption have previously been associated with a lower risk of adult brain tumors [17,18], 
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although a recent meta-analysis concluded that there were no overall associations between coffee or 

tea and adult glioma [19]. 

The findings from our study and the study by Cordier and colleagues [4] suggest that coffee and tea 

may have different effects, possibly due to different amounts of caffeine: one cup of tea contains 

approximately half the amount of caffeine as the same amount of coffee [20]. However, our 

analysis taking account of the relative caffeine content of coffee and tea does not suggest a strong 

dose-dependent association with caffeine itself. Therefore, the association seen with coffee but not 

tea may be attributable to other components, such as polyphenols. Coffee contains high levels of the 

phenolic acid chlorogenic acid [21], while tea is high in flavonoid polyphenols such as quercetin, 

catechins, and proanthocyanidins [22].  The tea polyphenol theaflavin-3,3'-digallate has been shown 

to reduce oxidative stress-induced cellular damage [23] and the catechin epigallocatechin-3-gallate 

reduced DNA adduct formation in vitro [8].   However, phenolic compounds found in coffee have 

also shown anti-carcinogenic effects under certain conditions [24].  Coffee also has strong 

antioxidant properties which are generally considered anti-carcinogenic [18,25]. Since these 

compounds are present together, it is difficult to tease apart the effects; thus, current evidence for an 

effect either way is inconclusive for most cancers [7,26].  

In Australia and elsewhere, dichloromethane – a possible human carcinogen [27] – is sometimes 

used in the coffee decaffeination process (maximum allowable residue is 2mg/kg in Australia) [28]; 

however, non-solvent methods are also commonly used [29].  A 2011-12 national food survey 

indicated that only about 2.5% of Australian women drink decaffeinated coffee [30]; thus, we 

believe that dichloromethane exposure is unlikely to explain the apparent association with coffee 

intake. 

This study has some important strengths.  Cases were drawn from all 10 pediatric oncology centres 

in Australia, while population-based controls were recruited nationally using the best methods 

available to researchers in this country.  Our FFQ contained separate questions about coffee and tea 

and their individual frequency of use. We also collected detailed data on potential confounders, and 

had area-based measures of socio-economic status for responders and non-responders.   

However, owing to the relatively low participation and questionnaire completion rates, particularly 

among controls, control mothers may not have been representative of the Australian population with 

respect to their coffee/tea intake; this could lead to selection bias. We have previously reported that 

participating cases and controls have higher area-based SES scores than the general population, and 

that SES is slightly higher among controls than cases [15].  Although area-based SES scores were 

also higher among controls who completed an FFQ compared with those who did not, maternal 

coffee and tea consumption during pregnancy was not related to area-based SES score, and only 

 8 



weakly related to parental education.  We adjusted for parental education in all statistical analyses.  

It is therefore difficult to predict what effect, if any, selection bias would have had on our findings.   

Some measurement error in exposure assessment is likely because our questionnaire asked about 

food and beverages consumed during pregnancies that occurred up to 15 years previously; however, 

this period was less than seven years for 58% of women.  In addition, we did not collect data on 

different types of coffee or tea (although the FFQ specified ‘regular’ tea – so most responses are 

likely to reflect black tea (containing caffeine) rather than green or herbal tea), or about other 

caffeinated drinks such as cola.  Thus, caffeine intake and the concentration of other solutes may 

not have been accurately assessed, especially for coffee drinkers.  Such error is likely to be similar 

for cases and controls, and therefore bias the ORs to the null.   

Although little is known about a possible relationship between coffee consumption during 

pregnancy and cancer, several health services in Australia advise women to avoid drinking > about 

200mg caffeine (~2-3 cups coffee)/day during pregnancy with a view to preventing miscarriage, 

premature birth and low birth weight [31-33]; this advice has been available since 2007 (at 

latest)[34].  If case mothers underreported their coffee or tea intake as a result of seeing this advice, 

the ORs observed in our study may underestimate the true association.   Underreporting of 

consumption by case mothers, if present, is likely to be greater in more recent pregnancies if advice 

about caffeine reduction was more prevalent - this would result in lower ORs for recent 

pregnancies, which was not observed (younger children with more recent births have higher ORs 

for coffee).  It is therefore unlikely that response bias is having a large influence on the reported 

main results or age interaction.  On the other hand, if case mothers reported higher levels of 

consumption than control mothers because of rumination about possible causes of their child’s 

illness, the ORs would tend to be inflated; however, this would be unlikely to produce different 

effects for coffee and tea, as observed in our study.  

In conclusion, our results suggest that children of women who drink two or more cups of coffee a 

day during pregnancy may be at increased risk of CBT, particularly if diagnosed before five years 

of age; however, some effect estimates are imprecise.  There is little evidence of any association 

between maternal tea consumption and risk of CBT.  

 

 

 

 

 

 9 



Acknowledgements 

The Aus-CBT consortium conducted the study and the Telethon Kids Institute (formally Telethon 

Institute for Child Health Research, TICHR), University of Western Australia, was the coordinating 

centre. Bruce Armstrong (Sydney School of Public Health, University of Sydney), Elizabeth Milne, 

Nicholas de Klerk, Caroline Bower, Peter Dallas (TICHR), Frank van Bockxmeer (Royal Perth 

Hospital, University of WA), Rodney Scott and John Attia (University of Newcastle), Lin Fritschi 

(WA Institute for Medical Research), Lesley Ashton, Michelle Haber and Murray Norris 

(Children’s Cancer Institute Australia for Medical Research, Lowy Cancer Research Centre, 

UNSW), Margaret Miller (Edith Cowan University) and Judith Thompson (WA Cancer Registry) 

were the research investigators.   

The authors acknowledge the contribution made by our clinical co-investigators who recruited and 

cared for study patients at each participating hospital: Nicholas Gottardo (Princess Margaret 

Hospital, TICHR); John Heath and Elizabeth Smibert (Royal Children’s Hospital, Melbourne); 

Peter Downie (Monash Medical Centre, Melbourne); Tim Hassall and Ross Pinkerton (Royal 

Children’s Hospital Brisbane); Maria Kirby (Women’s and Children’s Hospital, Adelaide); Stewart 

Kellie and Luciano dalla Pozza (Children’s Hospital at Westmead); Frank Alvaro (John Hunter 

Hospital, Newcastle); Richard Cohn (Sydney Children’s Hospital) and John Daubenton (Royal 

Hobart Hospital). 

The authors also acknowledge the Clinical Research Associates at each hospital, and the study 

coordinators: Jackie Mansour, Somer Dawson, Tamika Heiden, and Helen Bailey. 

Grant Support 

The National Health and Medical Research Council (NHMRC) funded Aus-ALL (Grant number: 

254539) and Aus-CBT (Grant number: 404089).  E Milne was supported by an NHMRC 

Fellowship.

 10 



References 

 

1. Australian Institute for Health and Welfare (2009) A picture of Australia's children 2009. Cat. no. 

PHE 112. AIHW, Canberra  

2. Baldwin RT, Preston-Martin S (2004) Epidemiology of brain tumors in childhood--a review. 

Toxicol Appl Pharmacol 199:118-131. 

3. Plichart M, Menegaux F, Lacour B, Hartmann O, Frappaz D, Doz F, Bertozzi A-I, Defaschelles 

A-S, Pierre-Kahn A, Icher C, Chastagner P, Plantaz D, Rialland X, Hémon D, Clavel J 

(2008) Parental smoking, maternal alcohol, coffee and tea consumption during pregnancy 

and childhood malignant central nervous system tumours: the ESCALE study (SFCE). Eur J 

Cancer Prev 17:376-383. 

4. Cordier S, Iglesias MJ, Le Goaster C, Guyot MM, Mandereau L, Hemon D (1994) Incidence and 

risk factors for childhood brain tumors in the Ile de France. Int J Cancer 59:776-782. 

5. Bunin GR, Kuijten RR, Buckley JD, Rorke LB, Meadows AT (1993) Relation between maternal 

diet and subsequent primitive neuroectodermal brain tumors in young children. N Engl J 

Med 329:536-541. 

6. Bunin GR, Kuijten RR, Boesel CP, Buckley JD, Meadows AT (1994) Maternal diet and risk of 

astrocytic glioma in children: a report from the Childrens Cancer Group (United States and 

Canada). Cancer Causes Control 5:177-187. 

7. Cano-Marquina A, Tarin JJ, Cano A (2013) The impact of coffee on health. Maturitas 75:7-21. 

8. Yang CS, Lambert JD, Sang S (2009) Antioxidative and anti-carcinogenic activities of tea 

polyphenols. Arch Toxicol 83:11-21. 

9. Spector LG, Xie Y, Robison LL, Heerema NA, Hilden JM, Lange B, Felix CA, Davies SM, 

Slavin J, Potter JD, Blair CK, Reaman GH, Ross JA (2005) Maternal Diet and Infant 

Leukemia: The DNA Topoisomerase II Inhibitor Hypothesis: A Report from the Children's 

Oncology Group. Cancer Epidemiol Biomarkers Prev 14:651-655. 

10. Menegaux F, Ripert M, Hemon D, Clavel J (2007) Maternal alcohol and coffee drinking, 

parental smoking and childhood leukaemia: a French population-based case-control study. 

Paediatr Perinat Epidemiol 21:293-299. 

11. Milne E, Royle JA, Bennett LC, de Klerk NH, Bailey HD, Bower C, Miller M, Attia J, Scott RJ, 

Kirby M, Armstrong BK (2011) Maternal consumption of coffee and tea during pregnancy 

and risk of childhood ALL: results from an Australian case-control study. Cancer Causes 

Control 22:207-218. 

 11 



12. Cheng J, Su H, Zhu R, Wang X, Peng M, Song J, Fan D (2014) Maternal coffee consumption 

during pregnancy and risk of childhood acute leukemia: a metaanalysis. Am J Obstet 

Gynecol 210: 151.e1-151.e10. 

13. Neuhouser ML (2004) Dietary flavonoids and cancer risk: evidence from human population 

studies. Nutr Cancer 50:1-7. 

14. Navarro-Peran E, Cabezas-Herrera J, Garcia-Canovas F, Durrant MC, Thorneley RN, 

Rodriguez-Lopez JN (2005) The antifolate activity of tea catechins. Cancer Res 65:2059-

2064. 

15. Milne E, Greenop KR, Bower C, Miller M, van Bockxmeer FM, Scott RJ, de Klerk NH, Ashton 

LJ, Gottardo NG, Armstrong BK (2012) Maternal use of folic acid and other supplements 

and risk of childhood brain tumors. Cancer Epidemiol Biomarkers Prev 21:1933-1941. 

16. Lassale C, Guilbert C, Keogh J, Syrette J, Lange K, Cox DN (2009) Estimating food intakes in 

Australia: validation of the Commonwealth Scientific and Industrial Research Organisation 

(CSIRO) food frequency questionnaire against weighed dietary intakes. J Hum Nutr Diet 

22:559-566. 

17. Holick CN, Smith SG, Giovannucci E, Michaud DS (2010) Coffee, tea, caffeine intake, and risk 

of adult glioma in three prospective cohort studies. Cancer Epidemiol Biomarkers Prev 

19:39-47. 

18. Michaud DS, Gallo V, Schlehofer B, Tjonneland A, Olsen A, Overvad K, Dahm CC, Teucher 

B, Lukanova A, Boeing H, Schutze M, Trichopoulou A, Lagiou P, Kyrozis A, Sacerdote C, 

Krogh V, Masala G, Tumino R, Mattiello A, Bueno-de-Mesquita HB, Ros MM, Peeters 

PHM, van Gils CH, Skeie G, Engeset D, Parr CL, Ardanaz E, Chirlaque M-D, Dorronsoro 

M, Sanchez MJ, Arguelles M, Jakszyn P, Nilsson LM, Melin BS, Manjer J, Wirfalt E, Khaw 

K-T, Wareham N, Allen NE, Key TJ, Romieu I, Vineis P, Riboli E (2010) Coffee and tea 

intake and risk of brain tumors in the European Prospective Investigation into Cancer and 

Nutrition cohort study. Am J Clin Nutr 92:1145-1150. 

19. Malerba S, Galeone C, Pelucchi C, Turati F, Hashibe M, La Vecchia C, Tavani A (2013) A 

meta-analysis of coffee and tea consumption and the risk of glioma in adults. Cancer Causes 

Control 24:267-276. 

20. Barone JJ, Roberts HR (1996) Caffeine consumption. Food Chem Toxicol 34:119-129. 

21. Higdon JV, Frei B (2006) Coffee and health: a review of recent human research. Crit Rev Food 

Sci Nutr 46:101-123. 

22. Scalbert A, Williamson G (2000) Dietary intake and bioavailability of polyphenols. J Nutr 

130:2073S-2085S. 

 12 



23. Lin YL, Tsai SH, Lin-Shiau SY, Ho CT, Lin JK (1999) Theaflavin-3,3'-digallate from black tea 

blocks the nitric oxide synthase by down-regulating the activation of NF-kappaB in 

macrophages. Eur J Pharmacol 367:379-388. 

24. Nehlig A, Debry G (1994) Potential genotoxic, mutagenic and antimutagenic effects of coffee: a 

review. Mutat Res 317:145-162. 

25. Pellegrini N, Serafini M, Colombi B, Del Rio D, Salvatore S, Bianchi M, Brighenti F (2003) 

Total antioxidant capacity of plant foods, beverages and oils consumed in Italy assessed by 

three different in vitro assays. J Nutr 133:2812-2819. 

26. Arab L (2010) Epidemiologic Evidence on Coffee and Cancer. Nutr Cancer 62:271-283. 

27. International Agency for Research on Cancer (1999) Re-evaluation of Some Organic 

Chemicals, Hydrazine and Hydrogen Peroxide, Volume 71. IARC Monographs on the 

Evaluation of Carcinogenic Risks to Humans. World Health Organization, Lyon, France. 

28. Food Standards Australia New Zealand (2013) Food Standards Code: Standard 1.3.3 Processing 

Aids. F2014C00795. Commonwealth of Australia.  

29. Heilmann W (2001) Technology II: Decaffeination. In: Clarke RJ, Vitzthum OJ (eds) Coffee: 

Recent developments. Blackwell Science Ltd, Oxford, United Kingdom, pp 108-124. 

30. Australian Bureau of Statistics (2014) 4364.0.55.007 - Australian Health Survey: Nutrition First 

Results - Foods and Nutrients, 2011-12  , Table 4.1 Proportion of persons consuming foods. 

Commonwealth of Australia. 

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4364.0.55.007~2011-

12~Main%20Features~Non-alcoholic%20beverages~701.  

31. NSW Food Authority (2013) Food safety during pregnancy. 

http://www.foodauthority.nsw.gov.au/_Documents/consumer_pdf/pregnancy-brochure.pdf. 

Accessed 20 January 2014  

32. Food Standards Australia New Zealand (2013) Pregnancy and healthy eating Food Standards 

Australia New Zealand 

http://www.foodstandards.gov.au/consumer/generalissues/pregnancy/Pages/default.aspx. 

Accessed 12/June/2014  

33. Women's and Children's Health Network (2014) Caffeine in Pregnancy. Government of South 

Australia. 

http://www.cyh.com/HealthTopics/HealthTopicDetails.aspx?p=438&np=460&id=2776. 

Accessed 16 June 2014 2014 

34. Women and Newborn Health Service (2007) Good foods for young mums-to-be.  WNHS 0409 

Rev 2. Government of Western Australia. 

 13 



http://kemh.health.wa.gov.au/brochures/consumers/wnhs0409.pdf. Accessed 19 June 2014 

2014 

 

 

 14 



Table 1: Demographic characteristics of cases and controls available for the analysis of maternal 

coffee and tea intake during pregnancy and risk of childhood brain tumors. 

Characteristic Case Control 

 n % n % 

 293  726  

Child’s gender     

Female 120 41.0 350 48.2 

Male 173 59.0 376 51.8 

Age group of child at diagnosis or 

recruitment     

0-1 29 9.9 84 11.6 

2-4 83 28.3 234 32.2 

5-9 85 29.0 220 30.3 

10-14 96 32.8 188 25.9 

Child’s State of residencea     

NSW/ACT 101 34.5 215 29.6 

Victoria/Tasmania 82 28.0 202 27.8 

SA/NT 18 6.1 58 8.0 

Western Australia 38 13.0 84 11.6 

Queensland 54 18.4 167 23.0 

Child’s year of birth group     

1990-1997 82 28.0 175 24.1 

1998-2003 120 41.0 357 49.2 

2004-2010 91 31.0 194 26.7 

Mother’s age at child’s birth     

   <25 44 15.0 50 6.9 

   25-34 184 62.8 460 63.4 

   35+ 65 22.2 216 29.8 

Highest Education of Either parent     

   Did not complete secondary school 39 13.3 58 8.0 

   Complete secondary or trade 

   qualification 99 33.8 233 32.1 

   University or College 155 52.9 156 59.9 

Area-based SES      

   Population quartile 1 58 20.1 103 14.3 
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   Population quartile 2 65 22.5 167 23.3 

   Population quartile 3 77 26.6 228 31.8 

   Population quartile 4 89 30.8 220 30.6 

Child’s Ethnicityb     

   European 181 61.8 562 77.4 

   At least 50% European 70 23.9 116 16.0 

   At least 50% non-European and  

   unknown if 50% European 12 4.1 23 3.2 

   Indeterminate 30 10.2 25 3.4 

Mother consumed alcohol during 

pregnancy     

   No 204 69.6 436 60.1 

   Yes 89 30.4 290 39.9 

Mother smoked during pregnancy     

   No 243 82.9 616 84.8 

   Yes 50 17.1 110 15.2 

aACT: Australian Capital Territory; NSW, New South Wales; NT, Northern Territory; SA, 

South Australia. 

bEuropean, at least 3 European grandparents; 50% European, 2 European grandparents; at least 

50% non-European, 2 non-European grandparents and ethnicity of 2 other grandparents 

unknown; indeterminate, no 2 grandparents of same ethnicity (i.e European or non-European) 

and 2+ grandparents of unknown ethnicity. 
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Table 2: Maternal coffee and tea consumption during the last 6 months of pregnancy and risk of 

childhood brain tumors 

 n  case/control 

293/726 

ORa 95% CI 

Coffee    

No coffee 143/367 1.00 Referent 

Any Coffee 150/359 1.23 0.92, 1.64 

>0 to <2 cups/day 96/244 1.17 0.85, 1.62 

≥2 cups/day 54/115 1.35 0.90, 2.04 

    p trend   0.12 

    Per cup coffee/day  1.11 0.97, 1.26 

Tea    

No tea 104/233 1.00 Referent 

Any tea 189/493 1.00 0.74, 1.36 

>0 to < 2 cups/day 88/237 0.98 0.69, 1.40 

≥2 cups/day 101/256 1.02 0.72, 1.45 

     p trend   0.90 

    Per cup tea/day  1.00 0.90, 1.10 

Coffee and/or Tea    

No coffee or tea 54/130 1.00 Referent 

Coffee and no tea 50/103 1.38 0.84, 2.26 

Tea and no coffee 89/237 1.08 0.71, 1.66 

Both coffee and tea 100/256 1.25 0.82, 1.91 

     Coffee or tea 239/596 1.20 0.83, 1.75 

     Per weighted cup/dayb  1.08 0.96, 1.22 

Coffee and Tea cups/day    

    None 54/130 1.00 Referent 

    Coffee <2 and Tea <2  94/254 1.12 0.74, 1.71 

    Coffee ≥2 and Tea <2 44/86 1.51 0.89, 2.54 

    Coffee <2 and Tea ≥2 91/227 1.20 0.78, 1.84 

    Coffee ≥2 and Tea ≥2 10/29 1.20 0.52, 2.77 
aORs adjusted for child’s age, sex, state of residence, year of birth group, ethnicity, maternal age 

group, best education of either parent, maternal alcohol consumption during pregnancy. 
bCups/day coffee or tea weighted for relative caffeine content: (coffee=1, tea=0.5).
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Table 3: Maternal coffee and tea consumption during the last 6 months of pregnancy and risk of 

childhood brain tumors by age of child’s diagnosis/recruitment. 

 Ages 0-4 Ages 5-14  

Variable n  case/ 

control 

ORa 95% CI n  case/ 

control 

ORa 95% CI p of 

interaction 

term 

No coffeeb 47/171 1.00 Referent 96/196 1.00 Referent  

Any coffee 65/147 1.76 1.09, 2.84 85/212 0.95 0.65, 1.38 0.01 

<2 cups/day 42/112 1.55 0.92, 2.63 54/132 0.97 0.63, 1.47  

≥2 cups/day 23/35 2.52 1.26, 5.04 31/80 0.96 0.57, 1.61 0.02 

Per cup/day coffee  1.42 1.12, 1.79  0.97 0.82, 1.14 0.003 

        

No teac 44/105 1.00 Referent 60/128 1.00 Referent  

Any tea 68/213 0.86 0.54, 1.38 121/280 1.20 0.80, 1.81 0.32 

<2 cups/day 39/110 0.92 0.53, 1.59 49/127 1.13 0.70, 1.84 0.42 

≥2 cups/day 29/103 0.78 0.44, 1.39 72/153 1.34 0.85, 2.11  

Per cup/day tea  0.88 0.66, 1.18  1.16 0.92, 1.45 0.16 

        

Per weighted cup/dayd  1.23 1.00, 1.51  1.02 0.88, 1.19 0.06 
a OR adjusted for sex, state of residence, year of birth group, ethnicity, maternal age group, best 

education of either parent, maternal alcohol consumption during pregnancy. 
b Exposure levels are coffee versus no coffee (regardless of tea consumption)  
c Exposure levels are tea versus no tea (regardless of coffee consumption). 
dCups/day coffee or tea weighted for probable caffeine content: (each coffee=1 cup, each tea=0.5 cup). 
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Online Resource 1: Description of Case Diagnostic Categories in the Australian Study of Childhood 
Brain Tumors 2005-2010 (N used in coffee/tea analysis = 293). 
CBT category Diagnoses included N Morphology numbers 

included 
Low grade gliomas 
N = 139 

Low grade neuronal glioma (including 
‘astrocytoma’) 

22 9380, 9382, 9384, 9400, 
9412, 9413, 9420, 9421, 
9424, 9505, 9506 Low grade cerebellar glioma (including 

‘astrocytoma’) 
39 

Low grade glioma of optic pathway 22 
Other low grade glioma 53 
Tectal plate tumor 3 

High Grade 
Gliomas  N = 25 

High grade brainstem tumor 11 9380, 9401, 9420, 9440 
High grade non-brainstem tumor 14 

Embryonal tumors 
N = 70 

Primitive neuroectodermal tumor (PNET) 
(including pineal) 

21 9470, 9471, 9473, 9474, 
9500, 9506, 9508 

Medulloblastoma 46 
Atypical teratoid/rhabdoid tumors 3 

Ependymoma  
N = 21 

Ependymoma 21 9391, 9392 

Germ Cell Tumor 
N = 20 

Germinomas 12 9064, 9065, 9080, 9084, 
9085 Mixed germ cell tumors 2 

Nonseminomatous germ cell tumors 5 
Dermoid cyst 1 

Other  
N = 18 

Meningioma 6 9390, 9424, 9490, 9505, 
9530, 9539, 9560 

Choroid plexus tumors 8 
Schwannoma 1 
Composite ganglioglioma /pleomorphic 
xanthoastrocytoma 

1 

Anaplastic gangioglioma 1 

Cerebral ganglioneuroblastoma 1 
CBT: childhood brain tumors; PNET: primitive neuroectodermal tumors
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Online Resource 2: Maternal intake of coffee and tea during pregnancy and risk of CBT stratified by 
maternal and maternal/paternal smoking during pregnancy. 
 Mother did not smoke during 

pregnancy 
Mother smoked during pregnancy  

Variable n  case/ 
control 

OR1 95% CI n  case/ 
control 

OR1 95% CI p of 
interaction 
term 

No coffee 123/321 1.00 Referent 20/46 1.00 Referent  
Any Coffee 120/295 1.22 0.89, 1.68 30/64 1.61 0.72, 3.59 0.63 
No tea 82/190 1.00 Referent 22/43 1.00 Referent  
Any tea 161/426 1.00 0.72, 1.41 28/67 1.12 0.50, 2.54 0.86 
 Neither mother nor father 

smoked during pregnancy 
Either mother or father smoked 
during pregnancy 

 

No coffee 92/272 1.00 Referent 51/95 1.00 Referent  
Any Coffee 104/246 1.40 0.98, 1.99 46/113 0.94 0.54, 1.65 0.15 
No tea 69/151 1.00 Referent 35/82 1.00 Referent  
Any tea 127/367 0.82 0.57, 1.19 62/126 1.64 0.93, 2.92 0.14 
1 OR adjusted for child’s age, sex, state of residence, year of birth group, ethnicity, maternal age group, 
best education of either parent, maternal alcohol consumption during pregnancy. 
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