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Background. Limited information is available on the associa-
tion of parental consumption of alcohol prior to and during
pregnancy with the risk of childhood leukemia, as well as for
the potentially modifying role of genetic polymorphisms.

Methods. We conducted a population-based, case-control
study of 491 incident cases of acute lymphoblastic leukemia
age 0-9 years and matched on age and sex to 491 healthy
controls. Cases were identified at tertiary care centers in the
Province of Québec between 1980 and 1993. Each parent was
interviewed separately about alcohol consumption habits. We
also used a case-only design with 186 cases to estimate ‘inter-
action odds ratios between prenatal exposure and child DNA

variants in the GSTM1 and CYP2EI genes.

Results. The adjusted odds ratio for any maternal consumption
during pregnancy was 0.7 (95% confidence interval = 0.5-
0.9). The interaction odds ratios for the GSTM1 null genotype
during third pregnancy trimester was 2.4 (95% confidence
interval = 1.1-5.4); the interaction odds ratio for CYP2E1
variant G-1295C (or allele *5) during the nursing period was
4.9 (95% confidence interval = 1.5-16.7).

Conclusions. The observed association with maternal alcohol
consumption during pregnancy could be due to the potential
chemopreventive effects of flavonoids found in wine and beer.
These possible effects of alcohol may be at least partially
genetically determined, although data are preliminary.
(EpipEMIOLOGY 2002;13:277-281)
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o consistent association has been found'in pre:
vious epidemiological studies between child-
hood leukemia and parental alcohol consump-
tion,! although the more recent studies tend to show
protective effects for maternal drinking during pregnan-
cy.?? In addition, little attention has been.paid to gene-
environment interactions in the etiology of childhood
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acute lymphoblastic leukemia (ALL), the most common
form of cancer affecting children.

Alcohol metabolism is known to produce reactive
oxygen species (ROS)* that could contribute to carci-
nogenesis.” The ROS are metabolized by glutathione
S-transferases (GSTs):® Several genes from the GST
gene family, such as GSTM1, have functional polymor-
phisins.associated with reduced activity or lack of activ-
ity.” GSTM1 is involved in the biotransformation of a
wide range of reactive toxic and mutagenic compounds
other than ROS.7

The cytochromes P450 (CYPs) are a multigene family
encoding phase | enzymes involved in the initial oxida-
tion, reduction, or dealkylation of carcinogens. One
member of this class of genes, CYP2E1, plays a major
role in the metabolism of a wide range of xenobiotics
including ethanol.® Polymorphisms in the regulatory re-
gion of CYP2E1 have been associated with increased
transcriptional activity”!® and seem to play a role in the
etiology of a number of alcohol-related diseases and
cancers including those of the oral cavity, nasopharynx,
stomach, and oesophagus.'!
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The main goal of the present study is to evaluate the
relation between childhood ALL and parental alcohol
consumption in the month before conception, as well as
during pregnancy and the nursing period. In a previous
study, the GSTM1 null genotype was associated with an
increased risk of ALL" and likewise for the CYP2E1*5
variant.”” Given these observations and the fact that
GSTM1 and CYP2EI are involved in the metabolism of
alcohol, we hypothesized that genetic polymorphisms in
these genes could modify the effect of prenatal alcohol
consumption on ALL, which we also evaluate in an
exploratory sub-study.

Methods

Case-Control Study

Details of the case-control study were provided else-
where.!* Briefly, we recruited cases of ALL between O
and 9 years of age diagnosed between 1980 and 1993 in
the Province of Québec from tertiary care centers des-
ignated by governmental policy to hospitalize-and. treat
children with cancer in the province. Tracing cases from
these hospitals is equivalent to population-based ascer-
tainment. We selected controls for these cases from
family allowance files and matched to the case for age,
sex, and region of residence at the time (calendar date)
of diagnosis and thus were concurrently selected. The
family allowance is a government stipend-awarded to all
families with children living legally in Canada and was
the most complete census of children available for the
study years. Participation rates were 96% among cases
and 84% among controls. A total of 491 cases and 491
controls were analyzed. Approval for the project was
obtained from the research ethics committee of each
participating hospital and from the “Commission
d’Acces a PInformation du Québec”; an informed con-
sent was signed by the parents.

Trained interviewers administered a structured ques-
tionnaire by telephone. The questionnaire included in-
formation on potential confounding factors and on con-
sumption of alcohol; for the mother, consumption
referred to the month prior to pregnancy, the pregnancy
trimesters, and the nursing period while for the father it
referred to the month prior to pregnancy. We asked
about the number of glasses of wine (4-ounce glass), beer
(12-ounce can or bottle), and spirits (1.5-ounce shot)
consumed daily during each period. Mother and father
were interviewed separately. Among case mothers, 99%
answered the questions themselves compared with 97%
of control mothers. These figures were 83% and 81%,
respectively, for fathers.

The association between exposure and risk of ALL
was estimated using conditional logistic regression. Odds
ratios (ORs) and 95% confidence intervals (Cls) were
estimated for each type of alcoholic beverage consumed
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either during the entire target period (defined as from 1
month previous to pregnancy to the nursing period in-
cluded) or specifically during the pregnancy period; con-
sumption was defined as “any” versus “none.” We also
evaluated the effects of consuming any type of alcohol
for the entire target period, as well as specifically for the
month before pregnancy, each pregnancy trimester, and
the nursing period. Quantitative categories including all
types of alcohol beverages were also used. For mothers,
two categories were contrasted with a baseline of no
alcohol consumption; the first category included those
reporting less than one drink a day and the second
included the consumers of one drink a day or more. For
fathers, three categories were created as follows: less than
one drink per day, one to three drinks a day, and greater
than three. We adjusted for mother’s age and education.

Case-Only Study

The case-only study design is an efficient way of
estimating the interaction parameter between genotype
and an-environmental exposure.’> We conducted such a
study with a sample of 186 cases identified at Hopital
Sainte-Justine, the largest pediatric center in the prov-
ince. These cases had already been genotyped as part of
a leukemia genetic research program conducted at that
institution.'®

Informed consent to genotype the index child was
obtained from all participating parents. Genomic DNA
was extracted from cells derived either from mouth ep-
ithelium, peripheral blood, or.bone marrow in remission
as previously described.!” The homozygous deletion (null
genotype) of the GSTMI gene was revealed by PCR-
based assays using internal controls as described in Kra-
jinovic et al.'> PCR allele-specific-oligonucleotide
(ASO) hybridization assays have been used to genotype
the' CYP2E1*5 variant (presence of G1259C).1* With
this method, ASOs distinguishing between the wild-type
and the mutant alleles are used as probes to hybridize
dot-blotted PCR products of the genomic samples.'®

For the case-only study, unconditional logistic regres-
sion was used to estimate the interaction odds ratios

(IOR) and their 95% ClIs, adjusting for sex of the child.

Results

The case and control groups each included 216 girls
and 275 boys. There were slight differences between
cases and controls in the distribution of mother’s age at
birth of the child and mother’s education (Table 1).

Table 2 shows an inverse relation between ALL and
any maternal alcohol consumption during the entire
target period as well as during the pregnancy period (OR
=0.7;95% CI = 0.5-0.9). Similar results (not shown in
Table 2) were observed when considering wine and beer
drinking separately but not spirits. The OR for consump-
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TABLE 1. Characteristics of Cases of Acute Lymphoblas-
tic Leukemia* and Their Controls
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TABLE 2. Adjusted Odds Ratios (OR)* and 95% Confi-
dence Intervals (CI) for the Association of Maternal and
Paternal Exposure to Alcohol with Childhood Acute Lym-

Controls Cases phoblastic Leukemia in a Case-Control Study Including 491
Factor N % N % Cases and 491 Healthy Controls
Mother’s level of schooling Number
College or university 188 38 168 34 of
Secondary school 279 57 291 59 Exposed
None, primary 23 5 32 7 Cases/
Family income at diagnosist Exposure Controls OR 95% CI
=40,000 147 31 150 31
10,000-39,000 297 63 307 64 Maternal
<10,000 26 6 26 5 Any alcohol
Maternal agei Before pregnancyt 254/268 0.8 0.6-1.1
=35 470 96 461 94 First trimester 166/196 0.7 0.5-1.0
>35 21 4 30 6 Second trimester 143/180 0.7 0.5-0.9
Paternal age® Third trimester 143/179 0.7 0.5-0.9
=40 467 96 472 96 Pregnancy 180/217 0.7 0.5-0.9
>40 22 4 18 4 Nursing period 46/71 0.5 0.3-0.8
Race of mother Entire period# 270/319 0.6 0.5-0.8
White 474 97 466 95 Wine
Black 11 2 5 1 Entire periods 240/278 0.7 0.5-0.9
Others 6 1 20 4 Pregnancy 155/187 0.7 0.5-0.9
Maternal smoking§ Beer
None 316 64 303 62 Entire periods 126/163 0.6 0.5-0.9
1-20 cigarettes daily 123 25 136 28 Pregnancy 71/95 0.7 0.5-1.1
>20 cigarettes daily 52 11 52 11 Spirits
Entire period¥ 101/102 0.9 0.7-1.3
* Maximum number of cases and controls was 491, each. Pregnancy 45/49 0.9 0.5-1.3
+ In Canadian dollars (information available for 470 controls and 483 cases). Any alcohol: entire period
+ At birth of index child. <1/day$§ 220/257 0.6 0.5-0.9
§ In the first trimester of pregnancy. =1/day 32/26 0.9 0.5-1.6
Any alcohol: pregnancy
<1/day 151/174 0.7 0.5-1.0
=1/day 20/18 0.8 0.5-1.6
. . . . . Paternal§
tion of wine or beer during the entire target period Aerug ratgohioh 420/400 1.4 1.0-2.0
0 = _ i Wine 301/290 1.2 0.8-1.5
was‘0.6 (95% CI = 0.5-0.8) and that for consumption My, 389362 1t S0
during pregnancy was 0.7 (95% CI = 0.6-1.0). The Spirits 2201178 15 1.1-1.9
; ; ; ; - Any alcohol
inverse re1a.t10n was more 1m1')0'rtant with small drink BN 189/189 1.4 1L0.2.0
ing quantities. We also subdivided the group accord- 1-<3/day 143/120 16 1.1-25
=3/day 79/63 1.7 1.1-2.7

ing to drinking habit before as well as during preg-
nancy; in comparison with those drinking neither
before nor during pregnancy, the strongest effect was
found in those who went from not drinking before
pregnancy to drinking during pregnancy (N =735)
(OR = 0.3;95% CI = 0.1-0.7), while no association
was found for those who drank before but not during
pregnancy (N = 159) (OR = 0.8;95% CI'= 0.6-1.2).
A moderately increased risk was found for paternal
consumption of spirits in the month prior to preg-
nancy, and the risk associated with any type of alcohol
increased with dose (likelihood ratio chi-square for
trend = 5.93; P = 0.01).

The distribution of age and sex for cases included
in the case-only study was similar to that of the
complete case-control study (data not shown). Table
3 shows interaction odds ratios that resulted from
comparing exposure between cases with and without a
given genotype. The effect of exposure during the
second and third trimesters of pregnancy was in-
creased for the null GSTMI genotype as well as with
the CYP2E1*5 allelic variant but the latter was par-
ticularly increased during the nursing period (OR =

4.9; 95% CI = 1.4-16.6).

* Adjusted for maternal age and level of schooling and matched for age and sex
of the child.

+ Covers month before pregnancy.

+ Covers from 1 month prior to pregnancy to nursing period; in drinks per day.
§ Covers thermonth prior to pregnancy.

Discussion

Our results suggesting that alcohol consumption dur-
ing pregnancy reduce risk of leukemia in the offspring
lead to speculations about the mechanisms involved. It
has been established that babies born from mothers
exposed to alcohol during pregnancy suffer from prenatal
and postnatal growth retardation!’; one postulated
mechanism is through an inhibition of the growth hor-
mone/insulin-like growth factor (IGF-1).2° As a corol-
lary, high levels of IGF-1 might produce a larger baby
and contribute to leukemogenesis.! A number of studies
have observed an association between high birthweight
and leukemia.! Since the protective effect we observed
seemed limited to wine and beer, it could perhaps be
explained by the action of antioxidants (eg, flavonoid)
present in red wine?! and hopped beer.? Indeed the
flavonoids, widespread in certain plants, may have po-
tential cancer chemopreventive activity.??
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TABLE 3. Interaction Odds Ratios (IOR)* Between
GSTM1 and CYPE21 Genotypes and Maternal Consump-
tion of Alcohol in Cases of Childhood Acute Lymphoblastic

Leukemia

Gene: (nb of Number of
Normal (N) Exposed
and Mutant Subjects in
Genotypes (M)) Period of Exposure N and M IOR  95% CI
GSTMI null Before pregnancy# 44/67 0.6 03-1.2
(66 N; 120 M)t First trimester 18/40 1.3 0.6-2.5
Second trimester 9/32 2.3 1.0-5.1
Third trimester 9/33 24 1.1-54
Nursing period 8/13 08 03-2.2
CYP2E1*5 Before pregnancy 105/7 0.8 0.2-25
(169 N; 14 M)§ First trimester 54/5 1.2 03-38
Second trimester 37/6 2.8 0.9-8.6
Third trimester 38/6 2.6 0.8-8.1
Nursing period 18/5 49 14-16.6

* Adjusted for sex.

F M, homozygous for the deletion (null genotype); N, presence of at least one
normal allele.

+ Covers month prior to pregnancy.

§ M, carrier of at least one mutant allele; N, absence of the mutant allele.

Contrary to the observed effects for maternal alcohol
consumption during pregnancy and the nursing period,
paternal consumption of spirits prior to pregnancy was
associated with an increased risk of ALL. Adverse effects
resulting from male exposure to drugs or environmental
chemicals include loss before or after implantation,
physical malformations evident at birth, behavioral al=
terations, and a higher incidence of cancér.”* However,
data are too scarce to reach any conclusion on the nature
of the effect of alcohol.?” Mechanisms for male-mediated
effects could be nongenetic (eg, dueto the presence of a
drug in the seminal fluid), genetic (eg, gene mutation or
chromosomal abnormality), and epigenetic (eg, an effect
on gene expression, genomic imprinting, or DNA
methylation).?#%6

The relation among GSTM1.and CYP2E1 genetic
polymorphisms, leukemia susceptibility, and exposure to
alcohol is still speculative. Nevertheless, our findings
have biological plausibility. GSTM1 is involved in the
metabolism of free radicals and is expressed in fetal
tissues.” How the GSTMI null genotype will influence
this metabolism is not determined at this time, but it
could result in a weaker antioxidant defense predispos-
ing fetal tissues to oxidative stress with consequent
DNA damage. CYP2EIL is an alcohol-inducible cyto-
chrome P450. The role of the CYP2E1#5 allelic variant
with respect to the metabolism of alcohol is not clearly
established?’ but the associated higher expression could
lead to increased mutational burden on the exposed
fetus. Noteworthy, flavonoids were shown to be poor
inhibitors of CYP2E1,?® which could explain the lack of
protective effect in a drinking mother with a child
carrying the high expression allele.

Limitations of the case-control study must be ad-
dressed. Selection bias seems unlikely, given the re-
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sponse rates. In addition, this study has the advantage of
using concurrent controls. Misclassification of alcohol
consumption is a concern. The literature suggests that
except under circumstances of undue publicity about a
disease and its potential cause, cases and controls both
tend to underreport exposures in a similar fashion,”
which would generally lead to a bias toward the null.
Nevertheless, we cannot eliminate the possibility that
mothers of cases underreported their drinking consump-
tion more than control mothers; however, the fact that
fathers of cases reported more drinking than fathers of
controls would imply a differential recall attitude be-
tween mother and father, which seems difficult to
explain.

We believe that the assumption for the validity of the
IOR in the case-only study, namely that the exposure be
independent of the genotype in the population, is un-
likely to have been violated because exposure was that of
the parents while the genotype was that of the child.
This design is vulnerable to the population stratification
bias’®; however, over 90% of subjects were of French-
Canadian descent and 95% were of European descent,
thus substantially minimizing the potential for this bi-
as.’! An alternative explanation for our results that we
cannot rule out is that the studied genes may be only
indirectly involved in causing the disease by being in
linkage disequilibrium with a causal gene.

[n-conclusion, this study suggested protective effects
for maternal consumption of alcohol (wine and beer)
during pregnancy and the nursing period; in addition a
moderately “increased risk was shown for paternal pre-
conceptional consumption of spirits. The presence of
variants in GSTM1 and CYP2E1 could modify the risk
associated with prenatal exposure. These latter results
are only exploratory and will need confirmation.
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