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An international case-control study of primary pediatric
brain tumors included interviews with mothers of cases
diagnosed from 1976 to 1994 and mothers of population
controls. Data are available on maternal vitamin use during
pregnancy for 1,051 cases and for 1,919 controls from 8
geographic areas in North America, Europe and Israel. While
risk estimates varied by study center, combined results
suggest that maternal supplementation for 2 trimesters
decreased risk of brain tumor [odds ratio (OR) = 0.7; 95%
confidence interval (Cl) = 0.5, 0.9], with a trend of less risk
with longer duration of use (p trend = 0.0007). The greatest
risk reduction was among children diagnosed under 5 years of
age whose mothers used supplements during all 3 trimesters
(OR = 0.5; Cl = 0.3, 0.8). This effect did not vary by histology
and was seen for supplementation during pregnancy rather
than during the month before pregnancy or while breast-
feeding. Our findings are largely driven by data from the
United States, where most mothers took vitamins. The
proportion of control mothers who took vitamins during
pregnancy varied markedly from 3% in Israel and in France,
21% in Italy, 33% in Canada and 52% in Spain to 86-92% at the
3 U.S. centers. The composition of the various multivitamin
compounds taken also varied: daily dose of vitamin C ranged
from 0 to 600 mg; vitamin E from 0 to 70 mg; vitamin A from
0 to 30,000 1U; and folate from 0 to 2,000 pg. Mothers also
took individual micronutrient supplements (e.g., vitamin C
tablets), but most mothers who took these also took multivi-
tamins, making it impossible to determine the potential
independent effects of these micronutrients. Int. J. Cancer
Supplement 11:17-22, 1998.
© 1998 Wiley-Liss, Inc.

vitamins [odds ratio (OR¥ 0.6; Preston-Martinet al., 1982].
More than a decade later, several studies reported similarly
decreased risk related to maternal use of prenatal vitamins; these
included studies of specific histologic subgroups of cases such as
primitive neuroectodermal tumors (PNET; Bur@hal.,1993) and
astrocytoma (Buninet al., 1994) and studies of all types of
pediatric brain tumor combined (Sarasua and Savitz, 1994). In the
largest study to date, decreased risk related to prenatal vitamin
supplementation was apparent for all types of tumors combined as
well as for each of the 3 major subtypes (astroglial tumors, PNET
and other tumors; Preston-Mart al., 1996). The present report
includes data from this study, which was the U.S. portion of an
international collaborative study of childhood brain tumors, as well
as data from centers in France, Italy, Spain, Israel and Canada.

SUBJECTS AND METHODS

We investigated whether intake of vitamin supplements by the
mother during pregnancy, during the month before pregnancy or
while breast-feeding was related to risk of pediatric brain tumors,
including each of 3 major histologic subgroups of these tumors.
Dose-response relationships were evaluated. The prevalence of
vitamin intake across the countries in the study and the micronutri-
ent content of supplements used were compared.

Selection of cases and controls

All cases who had a primary tumor of the brain, cranial nerves or
cranial meninges (ICD-O site codes 191, 192.1 and 192.2; World
Health Organization, 1976) were eligible. Subjects in this study
rticipated in the international population-based case-control

Brain tumors are the leading cause of cancer deaths in childrer? . h ; h >
developed countries (McKengey al.,1989). Little is known about > udry]/_lcaonduclzted t?. |n\{[est|gfate ”3" facttors fc();pr!ma'r:y brain tquTrors
the causes of these tumors (Bueiral., 1994). A family history of I ChIldren. Investgators irom < centers (Fars, rrance, vian,
multiple nervous system tumors, which usually occur in associE‘:"lS)/'AXaflgg'a'S;pg'rr;nlgé';?nh(?g:;tt:grajg A\I_Vgn('ﬁ]eeg' Acl?snt?gl?é
tion with predisposing genetic syndromes, appears to be a facto 9 ' ! » SYONey, )

fewer than 5% of cases (Bondy al., 1991). Exposure to X-rays collaporated to develop the international protocol, design a stan-
and to other forms of ionizing radiation is the only clearl)pard questionnaire and make decisions regarding study conduct
established environmental cause and also accounts for only a few

percent of cases (Preston-Martin and Mack, 1996). Many other
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and analysis. This study was coordinated by the Internatiordéfined by matched sets; for frequency-matched studies, strata
Agency for Research on Cancer (IARC) in Lyon, France, whergere defined by center, sex and age group (0-1, 2-3, 4-5, 6-8,
data from the centers were compiled and merged into a combir@elll, 12—14, 15-19 years). Since estimates were similar using both
data set that includes 1,218 cases and 2,223 controls. Of thesmditional and unconditional methods, only results from uncondi-

maternal vitamin supplementation data were available for 1,05bnal analyses are reported. Birth year, parents’ education, and
cases and 1,919 controls. Analyses excluded subjects for whohild’s use of vitamin supplements were considered potential

vitamin supplementation data were not collected [all Sydneyonfounders. Parents’ education was defined as the highest level
subjects and 35 cases (78%) and 58 controls (70%) from Winnipeiained by either parent and was dichotomized for purposes of
and for whom information on vitamin supplementation waanalysis; parents in the upper level had at least some college
unknown (12 cases and 10 controls from Milan, Paris areHucation. Risk estimates and Cls from random effects models
Valencia). (with center as the random effect) are reported for exposure effects

Cases were diagnosed during a range of years from lg?et'?@t differed by center (DerSlmonlan and Lalrd, 1986), OtherWISe,
1994; in Tel-Hashomer, cases were diagnosed during 1976—19gsults from fixed effects models are reported. Other factors that
in Paris, 1985-1987; in Milan, 1984-1988; in Valencia, 1983were considered possible effect modifiers were gender, birth year
1990; in Los Angeles, 1984-1991; in Seattle and San Francis@fd parents’ education. For tumor-specific analyses, cases wnt_hln
1984-1990. Diagnosis years in Winnipeg were 1980-1994. Ho®ach tumor group were compared to all controls; morphologic
ever, questions concerning maternal vitamin use were added to hi#egroups were defined (World Health Organization, 1976) as:
questionnaire only in the final years of the study. The range of aggtroglial (9380-9384, 9400-9421, 9424-9442); PNET (9470-9473;
at diagnosis covered birth to 19 years overall, with some variati®®01); and all other tumors (8000-8004, 8010, 8800, 8801, 8850,
in the upper age by study center. The maximum age included wg200-8910, 8940-8990, 9060-9085, 9150-9161, 9350-9364, 9390-
19 years in all U.S. centers and in Tel-Hashomer and Winnipeg; 894, 9450, 9451, 9480, 9490, 9500, 9503-9505, 9530-9538,
years in Milan; 15 years in Paris; and 14 years in Valencia. 9540-9570). A series of analyses restricted to histologically con-

Controls were frequency-matched to cases in all U.S. centers 4fjfiéd cases (91% of total) was performed. Length of time between
in Paris; otherwise, they were individually matched. Matchin§'cgnancy and interview, vital status of the cases and interview
variables were sex, age and, at 4 centers (Seattle, Winnip ality also were evaluated as potential sources of bias. Multiple

Valencia and Milan), geographic region. A “reference age” and PJiStic regression was used to assess independent effects of
“reference date” Wére defined for each control. In the Unite('in”mp'e exposures. Dose-response trend tests for individual micro-

States, these were the age and date when the control reached HiE€Nt |n}ake lwere performed q usw;g Iog-transtfhormefd data; for
age of diagnosis of a similar case; in other centers, these were ffecd0rcal analyses, unexposed mothers were the reterence group

age of the control at the time of selection for the study and the datdd ctuhtpollntts wfere terule; of dexgosgf:e amon.gf;. all expcl)sed r;others.
of selection. Further details of control selection and other studjyPOthesis testing was 2-sided with a significance levep

: O ; 5. Analyses were performed using Epilog Plus statistical
design features at each of the participating centers are availabi ! .
from earlier reports from individual centers (Cordiral., 1994; so%vvare (version 3.99, Epicenter Software, Pasadena, CA).
Filippini et al., 1994; Peris-Boneet al., 1996; Preston-Martin

etal.,1996). RESULTS

Data collection Approximately one third of children with brain tumors for whom
The common study questionnaire asked mothers about sevstitamin supplement data were available were less than 5 years of
exposures they may have had during index pregnancies includia@g, 54% were male and 50% had astroglial tumors (Table I).
use of specific medications. The final questions in this section Beported use of vitamins during the prenatal period varied
the questionnaire asked about use of vitamin supplements. Motheggsiderably by study center. Among control mothers, reported use
were asked specifically about intake of multivitamins and ofaried from 3% in Tel-Hashomer and in Paris to 86-92% at the 3
vitamin C and vitamin E supplements. Detailed data were collectét$ centers (Table II). Intermediate levels of use were reported by
on timing (month before pregnancy, specific trimesters, durirgpntrol women from the other centers (21% in Milan, 33% in
breast-feeding), brand or type, frequency and duration of vitamilfinnipeg, and 52% in Valencia). A significantly decreased risk of
supplementation. childhood brain tumor associated with any reported use of vitamins

At some centers, vitamin use was not queried in the standfggng pregnancy was observed with the Los Angeles data

manner. In Parise.g.,a mother’s use of vitamin supplements wa 0.5; Cl=0.3-0.8, adjusted for age at diagnosis and gen-
asked about in the section on her diet during pregnancy so dgn. Decreased risks that did not reach statistical significance were

information is available on use during the month before or whil@PServed in San Francisco, Valencia and Winnipeg. Statistically
breast-feeding. Each center provided micronutrient content fgPn-significant elevations in risk were observed with data from
each supplement brand reported. One center, Winnipeg, did f§t-Hashomer and Paris, the study centers with the lowest reported
have information on brand name of supplements used. Where typ¥elS of vitamin use. The remaining 2 study centers, Milan and
but not specific brand of vitamin was reported, market surveyz€attle, had risk estimates of 1.0.

were conducted to determine average levels of micronutrients inWhen data for all sites were combined, the risk of brain tumor
various types of supplements. Micronutrient analyses were m@ssociated with any maternal prenatal vitamin use was 0.8

stricted to vitamins C, E, A and folate. (Cl = 0.6-1.0) adjusted for age, sex and study center; with center
o as a random effect, the OR was 1.0 (€0.4-2.4). Refinement of
Statistical methods the exposure period was attempted by calculating risk estimates

Maximum likelihood estimates of ORs and 95% confidencassociated with maternal vitamin use during the month prior to the
intervals (Cls) were computed using both conditional and, faregnancy (as a surrogate for use during the very early pregnancy),
minimize the problem of missing data within strata, unconditionaluring the pregnancy and during breast-feeding immediately after
logistic regression stratified by center, sex and age group (Bresltve child’s birth with simultaneous adjustment for any use during
and Day, 1980). Four centers (Seattle, Winnipeg, Valencia aafl periods (Table 1lI). Mothers could be in none, 1, 2 or all 3 of
Milan) also used geographic region as a matching variabliese exposure groups. Results suggest that any decreased risk may
Unconditional risk estimates for Seattle and Winnipeg were alée restricted to vitamin use during pregnancy (6R.7; Cl = 0.6—
adjusted for geographic region. For the other 2 centers that matcled). Relative to women who did not use vitamins during the index
on region (Milan and Valencia), there were too many levels gfregnancy, decreased risks for childhood brain tumor were ob-
region to allow for adjustment in unconditional analyses. Faerved for those who used vitamins for 2 trimesters ©R.7;
individually matched studies, strata for conditional analyses we@ = 0.5-0.9) or throughout all 3 trimesters (GR0.6; Cl = 0.5—
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TABLE Il — RISK OF CHILDHOOD BRAIN TUMOR BY EXPOSURE PERIOD AND
DURATION OF DAILY MATERNAL VITAMIN SUPPLEMENTATION DURING
PREGNANCY: INTERNATIONAL COLLABORATIVE CASE-CONTROL
STUDY OF CHILDHOOD BRAIN TUMORS, 1976-1994

c Control Number of  Number of
Characteristic (n =als,8§1) (n 2 T]rglsg) cggnese(rﬂ/?)) colrJ\[poér(t%) OR (95% Cl}
Number % Number % Exposure period
Age at diagnosis (vears Month pre-pregnancy 49 66(3) 1.2(0.8,1.8)
ge atdiagnosis (years) 579 30 Pregnancy 496 ( 839 (44) 0.7 (0.6, 1.0)
5-9 315 30 594 31 Tril_::nrggtset;fgfeg)l(rg)%sure 202 (19) 351(18) 0.9(0.7,1.2)
10-14 227 22 448 23
15-19 137 13 208 16 First 410 (42) 687 (38) 1.0(0.7,1.4)
Male 564 54 1,068 56 Second 457 (46) 772 (43) 0.8(0.5,1.3)
Year of diagnosis 5 'I;glt_rgn 451 (46) 760 (42) 0.9(0.6,1.5)
1976-1979 3 0.3 6 03 urati
1980-1984 167 16 270 14 Never took daily 579 (56) 1,107 (58) 1.0
1985-1989 685 65 1,256 65 <2 trimesters 83 (8) 143(8) 0.8(0.6,1.2)
1990-1994 196 19 387 20 2 trimesters 174 (17) 267 (14) 0.7(0.5,0.9)
Morphologic subgroup All 3 trimesters 207 (20) 389 (20) 0.6(0.5,0.8)
éatirqugllal g%g gg - - 1Adjusted for center, sex and age group; for exposure period and
Other tumors >80 57 __ — trimester of exposure analyses, each exposure period is also adjusted
Unknown 8 1 - _ for the other 2.
Study center
Paris 67 6 107 6 TABLE IV — RISK OF CHILDHOOD BRAIN TUMOR BY DURATION OF DAILY
Milan 80 8 314 16 MATERNAL VITAMIN SUPPLEMENTATION DURING PREGNANCY BY
Valencia ST 5 He 6 MOELOGIEECROU NERATOMLCOLEORIVE
Tel-Hashomer 300 29 573 30 i —
Winnipe 14 1 21 1 ) Number of Number of
Los Angales 300 29 307 16 Duration cases (%)  conirols ()  OR (95%CIf
San Francisco 101 10 200 10 Astroglial
Seattle 132 13 281 15 Never took daily 263 (50) 1,107 (58) 1.0
Waried by study center. For non-U.S. controls, age and year of <2 trimesters 43 (8) 144 (8) 0.8(0.5,1.3)
diagnosis are the age and year of selection. For U.S. controls, age and 2 trimesters 108 (21) 270 (14) 0.8(0.6,1.1)
year are the age at diagnosis of a similar case and the year in which the All 3 trimesters 112 (21) 389 (20) 0.6(0.4,0.9)
control attained the case’s diagnosis age. PNET )
Never took daily 138 (60) 1,107 (58) 1.0
<2 trimesters 19 (8) 143 (8) 0.8 (0.5,1.5)
Ll ARSI TN Zimeses 1 2re 0400208
INTERNATIONAL COLLABORATIVE CASE-CONTROL STUDY All 3 trimesters 49 (21) 389 (20) 0.6(0.4,1.1)
OF CHILDHOOD BRAIN TUMORS, 1976-1994 Other tumors
Nomber of Nomber of Never took daily 171 (62) 1,107 (58) 1.0
Stud t umber o umber o OR (95% ClI <2 trimesters 20 (7) 143 (8) 0.7(0.4,1.2)
IV cases()  controls (%) ey 2 trimesters 41(15)  267(14) 06(0.4,1.0)
Tel-Hashomer 9(3) 15 (3) 1.2 (0.5, 2.7) All 3 trimesters 46 (17) 389 (20) 0.5(0.3,0.9)
Los Angeles 229 (76) 263 (86) 0.5(0.3,0.8) 1 ;
Milan 17 (21) 65 (21) 1.0 (0.5, 1.9) Cerﬁ(lelrcgg)zrgll]sd \évgéegr%suepd for each subset of cas@gdjusted for
Paris 6 (9) 3(3) 4.3(0.8,22.2) ' :
San Francisco 89 (88) 183 (92) 0.7 (0.3,1.5)
Seattle 116 (88) 249 (89) 1.0 (0.5, 1.8)
Valencia 27 (47) 45 (52) 0.6 (0.3,1.4)  risk among those who took at least 100 mg/day is 0.5€@.3,
Winnipeg 3(27) 7(33) 0.6(0.1,2.8)  0.9). For vitamins E and A and for folate, there is a sharp reduction

1Adjusted for sex and age group; Seattle and Winnipeg, also adjus@fdiSk among those who took a small level of daily supplement
for geographic region. compared to those who took none. For vitamin E, risk was similarly
reduced (OR= 0.5) among those in the third (10.3-13.2 mg) and

. fourth (=13.3 mg) exposure levels of daily use. The highest levels

childhood brain tumors with increasing duration of vitamin usg yitamin E, 5,000 IU or more for vitamin A and 400 pg or more
during pregnancy was seen for each of the 3 major morphologi; f|ate. T

anrgogts#ebrtytﬂ%sb?Ss trzotgr”el?%(tr:eg%1)0'(QF%%%’GPRI/I)ET%Engﬁeg{OV%S While_ parents’ educatior) was not a confoun_der, reduced brain
apparent among children of all ages, but was somewhat mdpEnor risk from maternal vitamin supplementation was somewnhat
marked among children who were less than 5 years of age8@re evident among children with more highly educated parents.
diagnosis (Fig. 1). However, resglts when education was dichotomized were generally
Since most mothers took multivitamin compounds, it is difficulfonsistent with each other. For example, results from dose-
to determine the effects of individual micronutrients. Nonetheled§SPONse analyses of the 4 micronutrients stratified by education
among children who were less than 5 years old at diagnosis, theriée! were essentially the same. Risk estimates were unchanged
a suggestion of a decreasing risk of tumor with increasing daififter adjusting for children’s use of vitamin supplements. Among
dose of each of 4 micronutrients, analyzed individually (Table V§ontrols, prevalence of vitamin supplement use during pregnancy
In general, there is a progressive reduction of risk across thegrgdually increased over time, from 49% in the birth years
levels of exposure for each of the micronutriengstiend= 0.01, 1965-1969 to 57% for birth years 1985 and later. However, birth
0.004, 0.002 and 0.002 for vitamins C, E, A and folate), but somy@ar was neither a confounder nor an effect modifier, and risk
differences among the various micronutrients are noteworthy. Festimates were similar for each gender. No sources of bias were
vitamin C, risk reduction is progressive across exposure levels, addntified among the factors evaluated (histological confirmation,
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MICRONUTRIENT SUPPLEMENTATION DURING PREGNANCY FOR SUBJECTS

Odds Ratio

1.5

PRESTON-MARTINET AL.

1.4
1.3
1.2

1.1

0.9
0.8
0.7
0.6 -
0.5
0.4

0.3

Confidence Intervals:

All Ages
Ages <5

—~@—Ages <5, p trend = 0.003
-~ Alt Ages, p trend = 0.0007

never took daily

< 2 trimesters

2 trimesters 3 trimesters

Duration of Use

FiGurRe 1— Duration of daily use of prenatal vitamins and risk of childhood brain tumors for children less than 5 years old at diagnosis
compared to all children: international collaborative case-control study of childhood brain tumors, 1976-1994.

TABLE V — DOSE-RESPONSE ANALYSES FOR MATERNAL SELECTED

<5 YEARS OF AGE AT DIAGNOSIS: INTERNATIONAL COLLABORATIVE
CASE-CONTROL STUDY OF CHILDHOOD BRAIN TUMORS, 1976-1994

TABLE VI
OF VITAMIN SUPPLEMENTS: INTERNATIONAL COLLABORATIVE
CASE-CONTROL STUDY OF CHILDHOOD BRAIN TUMORS, 1976-1994

— INTERNATIONAL VARIATION IN MICRONUTRIENT CONTENT

Average micronutrient content

Daily dosagé '\é:;”ebse('u}zg CNOﬁ{PCE’,Er(l%) OR (95% CI} Center Uiamin C (mg) Vitamin £ (mg) VitaminA (IU)_Folate (ng)
Vitamin C (mg) Paris 325 20 25,000 250
0.0 176 (47) 277 (48) 1.0 Milan 128 46 14,300 100
<75.9 66 (18) 70 (12) 0.8 (0.5, 1.5) Valencia 67 8 3,738 333
<100.0 38 (10) 55 (10) 0.6 (0.3,1.1) Tel-Hashomer 162 40 5,750 1,250
=100.0 93 (25) 177 (31) 0.5 (0.3, 0.9) Winniped 175 40 5,000 400
Vitamin E (mg) United States 203 23 4,500 380
280.3 1gg Ei’gg 2;? ((g; O:L.GO(O.S 1.1) 10f vitamin brands/types reported that contain that micronutrient.—
<133 28 (8) 44 (8) 0.5 (0.2, 1.0) 2Specific brands/types not reported; micronutrient content based on
=133 95 (26) 176 (31) 0.5(0.3,0.8) typical vitamin for the geographical areéLes Angeles, San Francisco
Vitamin A (IU) and Seattle.
0 180 (49) 277 (48) 1.0
<3,900 61 (16) 77 (13) 0.6 (0.3, 1.0)
<5,000 33(9) 41 (7) 0.6(0.3,1.2) 1982; Buninet al., 1993, 1994;: Sarasua and Savitz, 1994;
=5,000 97 (26) 181 (31) 0.4(0.2,0.8)  preston-Martiret al., 1996) and in this largest case-control study of
Fo(l)ate (h9) 180 (49) 277 (48) 10 childhood brain tumors to date. Risk reduction appeared to relate
<313 65 (18) 78 (14) 06 (0.3,1.1) only to use during pregnancy rather th:_;m use during the mon.th
<400 34 (9) 40 (7) 0.6 (0.3,1.3) before pregnancy or during breast-feeding, and the greatest risk
=400 92 (25) 179 (31) 0.5(0.3,0.8) reduction was observed when vitamins were taken during the entire

1Exposure categories are mutually exclusiv&djusted for center,
sex and age group. Risk estimates are not adjusted for other micron

ents in the table.

pregnancy. The reduction of risk was greatest among children

Lgha}gnosed at younger ages§g years at diagnosis), but also was
S

een among older children.

This international study has a number of limitations that must be
considered. The small number of cases in most centet8Q cases

length of time between pregnancy and interview, vital status of tfife all but the U.S. and Israeli studies) and the low prevalence of
case and interview quality).

vitamin use in some geographic are&sg(, 3% among control
thers in Israel and in France) resulted in varied center-specific

Average levels of nutrients contained in supplements reported ; . - : .
each center varied considerably across centers: vitamin C, from &K estimates and combined risk estimates that were dominated by

to 203 mg/dose; vitamin E, from 8 to 46 mg/dose; vitamin A, fronindings in the United States, where vitamins were taken by the

3,738 to 25,000 IU/dose; folate, from 100 to 1,250 pg/dod@ajority of mothers. This may suggest that the U.S. findings are the

(Table VI). result of an unknown confounder, such as quality of prenatal care,
which is related to reduced brain tumor risk, or that vitamin

DISCUSSION compounds in the United States differ in ways that make them more
effective in reducing risk. Although supplements used in all

Intake of vitamin supplements during pregnancy is associatggographic areas contained at least some of each of the 4
with a reduction of risk in earlier studies (Preston-Maminal., micronutrients, average levels of nutrients contained in supple-
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ments reported by each center varied considerably across centéusing their pregnancies and did not take vitamins compared with
as indicated in Table VI. those who did (Preston-Martiet al., 1996). This synergism also

There is a suggestion that an increasing reduction in risk occiy¥@s seen in a small earlier study (Sarasua and Savitz, 1994). The
with increasing daily intake of each micronutrient e\,a|uateaypoth.e3|s that childhood bra_ln tumors relate to maternal exposure
(vitamins C, E and A and folate), but because most mothers tooktaN-nitroso compounds during the pregnancy was the primary
multivitamin compound, intake of these 4 was highly correlated. fi@cus of this international study.
addition, specific brand names of vitamins taken were not known orVarious possible mechanisms have been suggested by which
not recorded for many mothers. As in any retrospective casatamin and mineral supplementation may reduce cancer risk
control study, the possible influence of recall bias cannot be rulé@attersoret al.,1997). Antioxidants€.g.,vitamins C and E) can
out, although in studies of childhood cancer such bias is usuaflyevent oxidative damage to DNA by scavenging free radicals (Frei
thought to result in case mothers trying harder than control mothetsal., 1988). Some micronutrients such as vitamins A and D have
to remember medication use and other exposures during the indeen shown to have a role in cell differentiation and proliferation
pregnancy. If such bias is present in relation to an apparenfBostick et al., 1995). Supplementation may prevent deficiencies,
protective exposure such as vitamin use, it would have had thech as of folic acid, which may lead to malignant transformation
effect of biasing our risk estimates toward the null. of normal cells by weakening chromosomal structure and altering

In the U.S. portion of the study, findings relating to vitamin usg€ne expression (Butterworth, 1991). Presence of micronutrients in
remained after controlling for all factors considered here as well § gut or bladder can prevent endogenous formation of carcino-
mother’s education, social class (an index considering educati@@ns (such as N-nitroso compounds; see above) or alter metabolism
and occupation of head of household), ethnicity (Hispanic, othef mutagens. It is possible that the developing brain may be more
white, black and other), and mother’s diet during pregnandisceptible to some of these effects because of the higher rate of
(Preston-Martinet al., 1996). It is possible that respondentdrain cell proliferation during gestation and early childhood and the
differed from non-respondents in these factors or in the exposuf€&! brain’s lower ability to rid itself of mutagenic compounds
we studied (although participation rates at the U.S. centers wdrpjewskyet al.,1976).
approximately 70% or higher), or that controls targeted for Our findings of a very marked variation in prevalence of use of
participation (through random digit dialing) were not represent@arenatal vitamins and of the content of vitamin compounds across
tive of the population. However, these potential biases are mmiuntries may be of interest to clinicians and public health workers.
guantifiable in our study. We are processing the dietary data frdmaddition, we hope that our findings will stimulate investigators to
each center to allow a combined analysis of micronutrient intakensider vitamin supplementation in future epidemiologic studies
from diet and supplements, as well as analysis of modifying effeat§childhood brain tumors and of other pediatric cancers.
of supplement intake in relationship to other dietary constituents
such as nitrite from cured meats. This latter is important to consider
because both vitamins C and E are effective inhibitors of nitrosa-
tion (see below). However, the dietary data from this study haveThis study was initiated by the first author while a visiting
their own set of limitations. The focus of this study was investigascientist at the International Agency for Research on Cancer
tion of the N-nitroso hypothesis. Therefore, the questionnaire ask@dRC) in Lyon, France, and continued to be coordinated by
only about those 40-50 foods that account for 90% of populatidARC’s Search Program. Local funding was obtained for each
intake of nitrite, nitrate and vitamins C and E in each geographstudy. Support for the U.S. study was from grant CA47082 from the
area under study (Howet al., 1986). The list of foods queried NIH; identification of cases in Los Angeles County was supported
varied considerably across centers. In addition, these lists were hgtgrant CA17054 and contract NO1-CN-25403 from the NIH and
designed to assess intake of most micronutrieats. (folate and subcontract 050(C-G)-8709 from the California Department of
vitamin A) or macronutrients(g.,fat or animal protein). Health Services as part of its statewide cancer reporting program.

Nitrite from cured meats is an important precursor of carcing3upport for the Valencia, Spain, study was from grants 88/1832,
genic N-nitroso Compounds Common|y formed in the gut af’[&6/1832 and 84/1913 from the' Fondo de |nVeSt|gaC'|0neS San]tarlas
ingestion of precursor Compounds (Mamea|’ 1976’ National of Spaln, from the collaboration of the Con.se”e”a de S_anlta'[ |
Research Council, 1981). One group of these compounds, fR@nsum of Valencian Autonomous Community for the Childhood
nitrosoureas, has been shown to cause nervous system tumorsancer Registry of the Province of Valencia and from the Spanish
experimental animals (Ivankovic and Druckrey, 1968; Ivankovigociety of Paediatric Oncology with the National Childhood
and Preussman, 1970; lvankowt al., 1973; Riceet al., 1989; Cancer Registry.

Lijinsky, 1992). When exposure is transplacental, only low dosesWe thank Dr. A. Walker, Ms. J. Hawkin, Dr. J. Potter, Dr. P.
of precursors such as sodium nitrite and ethyl urea in the food aBdyle and other collaborators who gave valuable input during the
drinking water of the pregnant rats are required for 100% tumarork on this study in Lyon. We also thank Ms. A. Hadley, Ms. K.
induction in offspring. This effect can be blocked if ascorbatBaoff, Ms. M. Paul, Ms. |. Gaeta, Dr. K. Newton, Ms. B. Nist, Ms.
(vitamin C) and/or alpha-tocopherol (vitamin E) are added to thk Kristiansen and Ms. S. Parrisher for their contributions to the
dams’ diet (Mirvish, 1981). In the U.S. portion of this study, wdJ.S. portion of the study, and Drs. E. Gualtar, I. Julve, I. Melchor
found risk of brain tumors to be substantially higher for children cdind A. Garcia for their contributions to the Valencia, Spain, portion
mothers who consumed above average quantities of cured medtthe study.
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